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THE GROWTH SIGNALING Akt KINASE

Abstract. Growth factor signaling regulates cell proliferation, survival, and differentiation by activation of the
phosphoinositide 3-kinase (PI3K)/Akt signaling. Deregulation of this signaling pathway is common in human
diseases including cancer and metabolic disorders. Growth factors by binding to their specific receptor tyrosine
kinases located on the plasma membrane recruit and activate the signaling factors including the key component
identified as the PI3K lipid kinase. A crucial downstream effector of PI3K is the Ser/Thr protein kinase Akt or also
known as PKB. Akt transduces the myriad of cellular signals by phosphorylating a wide spectrum of substrates and
its activity is strictly controlled by PI3K. The translocation step of Akt to the plasma membrane is a primary step in
its activation leading to phosphorylation of Akt on the kinase domain and the regulatory hydrophobic motif. The
phosphorylation of both these sites are required to fully activate Akt. In this chapter we describe the mechanisms
how the growth factor dependent PI3K signaling regulates Akt by its translocation and phosphorylation.

Keywords: Growth factor signaling, Akt, phosphorylation, kinase domain.

1. Introduction. Deregulation of growth factor signaling pathway is common in human cancers. The
recent sequencing studies of multiple human tumor samplesstrengthen this relationship by indicating that
genes encoding the components of growth factor signaling are mutated in high frequency(Ding et al.,
2008; Parsons et al., 2008).Growth factors initially have been identified as the peptide ligands secreted by
cells as autocrine factors required to maintain proliferation of cells in culture. Following many years of
studyinggrowth factor signaling pathways, it has been defined that this signaling pathway plays a crucial
role in regulation of cell proliferation, survival, and differentiation(Cantley, 2002; Engelman et al., 2006;
Fruman et al., 1998). Binding of growth factors to their specific receptor tyrosine kinases (RTKs) initiates
thereceptor dimerization and activation of the receptor tyrosine kinase activity. It results in autophos-
phorylation of the receptor cytoplasmic domains and tyrosine phosphorylation of the regulatory docking
proteins. These tyrosine phosphorylated sites function as a recruitment sites of a wide spectrum of
regulatory proteins. The specific phosphorylation dependent protein-protein interactions are mediated by
the tyrosine phosphorylation binding Src Homology 2 (SH2) domains, whereas the SH3 domain accom-
modates recruitment of proteins by binding to the proline rich sequences.The growth factor dependent
protein-protein interactions nucleate two major signaling pathways carried by activation of the Ras
GTPase and PI3K (phosphoinositide 3-kinase).The adaptor protein Grb2 mediates recruitment of a
specific guanine nucleotide exchange factor (GEF) of Ras known as SOS (Son of Sevenless). Grb2 binds
to a specific phosphotyrosine site on the receptor by its SH2 domain and its SH3 domains recruit SOS to
the close proximity to plasma membrane required to the functional activity of SOS as a rate limiting step

*Corresponding Author: Dos D. Sarbassov, 1515 Holcombe Boulevard, Houston, TX 77030. Phone: 713-792-3357,;
Fax: 713-794-3270. E-mail: dsarbass@mdanderson.org
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in activation of Ras GTPase. In parallel, the heterodimer of PI3K containing the regulatory subunit p85
and catalytic subunit p110 is activated by its recruitment to plasma membrane. The SH2 domain of its p85
regulatory subunit binds to a specific phosphotyrosine site on activated RTK(Shaw and Cantley, 2006).
This translocation event to the close proximity within plasma membrane to the PI3K substrate is a critical
step in activation of this important lipid kinase.

Ras proteins act as molecular switches of signaling pathways involved in regulating of cell proli-
feration, differentiation, survival, and motility. They comprise a subfamily of highly related G-proteins
identified as H-ras, N-ras, and K-ras (Giehl, 2005). Ras proteins function as the membrane-associated
monomeric GTPases that cycle between a GTP-bound active and a GDP-bound inactive state. The
GTP/GDP cycle of ras proteins is tightly regulated by a wide range of cell surface receptors including
RTKs. This regulation is mediated by two classes of regulators, the guanine nucleotide exchange factors
(GEFs) and the GTPase-activating proteins (GAPs), which modify accordingly the kinetics of GDP
dissociation and GTP hydrolysis (Cherfils and Chardin, 1999; Donovan et al., 2002). The active GTP-
bound ras interacts with various effectors to produce pleiotropic cellular effects. The most characterized
ras effector is raf kinase where ras binds to the well-defined ras binding domain on raf. This interaction
activates raf and leads to activation of the raf/MEK/ERK cascade also known as the mitogen-activated
protein kinase (MAPK) pathway. Another well-known effector of ras is PI3K: ras binds to the ras binding
domain on the p110 kinase subunit of PI3K and causes the up-regulation of its kinase activity (Giehl,
2005). Constitutive activation of ras signaling is linked to cancer development and the ras genes are
defined as the most frequently mutated genes in human cancers. The mutated variants of ras proteins are
found in 30% of all human cancers in which the vast majority of mutations are traced to the k-ras gene
(Friday and Adjei, 2005). Mutations in ras genes are not common in breast cancer but the highly active ras
proteins have been identified in approximately 50% of the studied breast tumors (von Lintig et al., 2000).

Members of the PI3K family are the conserved intracellular lipid kinases that phosphorylate the
inositol ring of PI(4,5)P2 at the D-3 position to form PI(3,4,5)P3. This phosphorylation event initiates
multiple signaling pathways involved in regulating of diverse physiological processes including cell
proliferation, survival, metabolism, morphology, and vesicle trafficking. The PI3Ks are classified into
three groups according to their substrate preference and structural similarity (Engelman et al., 2006).
Class I PI3Ks are coupled to membrane receptors and divided into two subfamilies. Class IA PI3Ks are
activated by growth factor receptor tyrosine kinases (RTKs) and they function as heterodimers that
contsist of a p85 regulatory subunit and a pl110 catalytic subunit. Three genes PI3KR1, PI3KR2, and
PI3KR3 encode the p85a, p85P and p55y isoforms of the p85 regulatory subunit, respectively. All p85
regulatory isoforms contain a p110 binding domain that is flanked by two SH2 containing domains. The
p85 regulatory subunit mediates activation of Class IA PI3K by RTKs (Fruman et al., 1998). The SH2
domains of the p85 subunit bind to specific phosphotyrosine sites (pYxxM) on the growth factor activated
RTKs and also on adaptor proteins such as IRS1 (Songyang et al., 1993). The binding of p85 via its SH2
domains precludes its inhibitory effect on p110 catalytic activity and at the same time recruits an active
PI3K to the proximity of its lipid substrate on plasma membrane (Yu et al., 1998). Like its regulatory
counterparts, the p110 catalytic subunit consists of 3 isoforms, p110a, p110p, and p1106 which are enco-
ded by 3 individual genes, PI3CA, PI3CB, and PI3CD, respectively. The p110 isoforms possess an N-ter-
minal p85 regulatory subunit binding domain, a Ras binding domain (RBD), a C2 domain, a phosphati-
dylinositol kinase (PIK) homology domain, and a C-terminal catalytic domain (Fruman et al., 1998).
Class IB PI3Ks are activated by G-protein-coupled receptors and this subfamily also functions as
heterodimers represented by a pl01 regulatory subunit and a pl110y catalytic subunit. Two additional
regulatory subunits, p84 and p87PIKAP, have recently been identified (Suire et al., 2005; Voigt et al.,
2006). Class II PI3Ks members consist of only one pl10-like catalytic subunit with three isoforms
encoded by different genes. Class II PI3K members bind clathrin and localize in coated pits, indicating
that they play a role in regulating membrane trafficking and receptor internalization (Gaidarov et al.,
2001). Finally, the Class III PI3K is represented by the highly conserved member, Vps34 (vacuolar
protein-sorting defective 34), which consists of a single catalytic subunit that was originally identified in
budding yeast as a gene required for trafficking vesicles from the Golgi apparatus to the vacuoles
(Engelman et al., 2006; Odorizzi et al., 2000).
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Up-regulation of the Class IA PI3Ks is associated with Akt activation. Activation of both RTKs and
Ras leads to deregulation of this family of PI3Ks and is known as a hallmark in human cancers accounting
for up to 30% of all human cancers (Fresno Vara et al.,, 2004; Luo et al., 2003). Diverse genetic
abnormalities cause deregulation of the PI3K signaling in human cancers. Amplification of the genes
encoding the p110a PI3K catalytic subunit and Akt2 has been reported in ovarian, breast, and pancreatic
cancer (Luo et al., 2003). Mutations of the gene encoding the PI3K regulatory subunit p85a have been
linked to some primary colon and ovarian tumors (Bader et al., 2006). Strong evidence has been collected
from a large-scale effort to sequence exons of PI3K genes in human tumors. One particular study revealed
clustered regions of point mutations in the p110a catalytic subunit in 20%-30% of the breast, colon, brain,
and gastric tumors examined (Samuels et al., 2004). An important finding is that the follow-up study of
these common mutations identified in tumors has linked them to functional up-regulation of the PI3K
activity and cell transformation (Samuels et al., 2005). Although high rates of activating mutations in
p110a are associated with tumorigenesis, the multiple studies have pointed out that a loss of PTEN is the
most common mechanism of PI3K activation in human cancers. PTEN lipid phosphatase acts as an
enzyme to reverse the kinase reaction catalized by PI3K. PTEN catalizes removal of the D3 phosphate
from PI(3.,4,5)P3 and therefore counterbalances the PI3K signaling (Maehama and Dixon, 1998). A large
number of sporadic mutations of PTEN are identified in a high level in many tumor types, including
breast, ovarian, and colon cancers and glioblastoma, defining PTEN as the second most commonly
mutated tumor suppressor gene after p53 (Shaw and Cantley, 2006).

Nucleation of growth factor signalingdownstream of RTKs takes place onthe plasma membrane.A
specific binding of growth factor to its RTK initiates growth factor signaling by recruiting regulatory
proteins to the plasma membrane leading to activation of the Ras and PI3K pathways. One of the crucial-
downstream effector of PI3K identified as the Akt kinase, also known as PKB (protein kinase B) and it is
activated by its translocation tothe plasma membrane and phosphorylation(Shaw and Cantley, 2006). How
growth factor signaling regulates the Akt kinase is described in this chapter.

2. Regulation of Akt.

2.1. Akt as a member of the AGC kinase familyand its functional domains. Akt belongs to a
large AGC (protein kinase A, G, and C) kinase family. The name of this kinase does not refer to its
function and “Ak” is referring to a mouse bred and “t” stands for thymoma that was added when a
transforming retrovirus was isolated from the Ak strain. Within 518 known human protein kinases, the
AGC kinase family is represented by 60 members of the highly conserved and essential kinases. These
kinases are defined and classified by their sequence homology to the kinase domains of cAMP-dependent
protein kinase (PKA), cGMP-dependent protein kinase (PKG), and protein kinase C (PKC). Among the
members of this kinase family, Akt is the evolutionarily conserved serine/threonine kinase (Figure 1A)
and an essential downstream effector of the PI3K pathway in growth factor signalingthat act on a wide
spectrum of substrates (Bellacosa et al., 2005). Two Akt genes are found in nematodeCaenorhabditis
elegans, whereas in mammals Akt is represented by subfamily of kinases containing three isoforms
expressed by the distinct genes, Aktl, Akt2, and Akt3. It indicates that in evolution the rising complexity
of growth factor signaling impelled duplication of the Akt gene. All Akt isoforms are highly related
structurally and represented by three well-defined domains (Figure 1).

The full length of human Aktl encoded by the polypeptide of 480 amino acids. Itcontains the N-ter-
minal pleckstrin homology (PH) domain located within the amino acids 6 to 107 that plays a critical role
in the functional translocation of Akt to the plasma membrane and its activation. The catalytic kinase
domain resides within the amino acids 154 to 477 and its functional activity is regulated by the activation
segment located within the kinase domain positioned from residue 219 to 314 also known as activation
loop. Phosphorylation of the activated loop on the Thr-308 site required for the Akt kinase activity. The
turn motif phosphorylation site resides on the Thr-450 site. Another stretch of amino acids within residue
469 to 474 is identified as the hydrophobic motif (HM) found in a non-catalytic region following kinase
domain also involved in regulation of the kinase activity linked to phosphorylation of the hydrophobic
Ser-473 site (Figure 1B).

Within the AGC kinase members Akt represents one of the highly regulated members of this family.
The detailed functional and structural studies of Akt led to a basic understanding how its known domains
and motifs determine the PI3K-dependent regulation of the kinase activity of Akt.
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Protein Acc. Gene Organism Homology compared
to Homo sapiens (%)
NP_001014431.1 AKT1 Homo sapiens -
XP_001143158.1  AKT1 Pan troglodytes 99.2
XP_548000.2 AKT1 Canis lupus familiaris 97.0
NP_776411.1 AKT1 Bos taurus 96.2
NP_033782.1 Akt1 Mus musculus 98.3
NP_150233.1 Akt1 Rattus norvegicus 98.1
NP_990386.1 AKT1 Gallus gallus 96.0
XP_001921993.1 LOC792354 Danio rerio 87.6
NP_001023645.1 akt-1 Caenorhabditis elegans 59.6
NP_510357.3 akt-2 Caenorhabditis elegans 56.2

Figure 1 (A) Sequence homology of the AKT1 gene. The pair-wise alignment scores were obtained from NCBI databases.
Human AKT1 gene product exhibits higher than 95% protein identity with mammals, but only 60% homology with C. elegans.

Akt isoforms

T308 Ta50 $473 (Sequence homology)
Akt1/PKBa | PH §= Kinase §= Reg |
(480 aa)

T309 T451 sara |B1%
Akt2/PKBB [ PH H Kinase H Reg ' 82 %
(481 aa)

T305 Ta47 sarz |77 %
Akt3/PKBy PH P Kinase Reg

(479 aa)

Figure 1 (B) Akt isoforms. Akt comprises three mammalian isoforms (Aktl/PKBa, Akt2/PKBf, Akt3/PKBy) that are
derived from distinct genes and share a conserved structure, which includes three functional domains: an N-terminal pleckstrin
homology (PH) domain, a central kinase domain, and a C-terminal regulatory domain containing the hydrophobic motif (HM)
phosphorylation site. The amino acid numbers, phosphorylation sites on kinase and regulatory domains of three Akt isoforms
were indicated, respectively. Aktl/PKBa shares 81% sequence homology with Akt2/PKBf and 82% sequence homology with
Akt3/PKBy. Besides, Akt2/PKBf exhibits 77% sequence homology with Akt3/PKBy.

2.2. The PI3K-dependent translocation of Akt/PKB to the plasma membrane. Akt is the multi-
functional kinase and essential effector of PI3K in growth factor signaling. Akt is mostly resides in
cellular cytoplasm and it is cycled to the plasma membrane following stimulation of cells by growth
factors where the specific modifications of Akt take place necessary for activation of its enzymatic kinase
activity.Activation of PI3K results in accumulation of PI(3,4,5)P3 and a specific binding of the Akt PH
domain to PI(3,4,5)P3 recruits Akt to plasma membrane(Cantley, 2002; Engelman et al., 2006). Recently,
the ubiquitination of Akt has been identified as a priming step in facilitating the translocation of Akt from
cellular cytoplasm to plasma membrane.

2.2.1. Ubiquitination of Akt as a priming step in its translocation to the plasma membrane. Ubiqui-
tination as a modification of cellular proteins by covalently attaching ubiquitin is a common process that
plays a critical role in regulation of a wide range of biological processes including cell cycle, cell growth,
apoptosis, DNA damage repair, and immune system(Li et al., 2008). Ubiquitin, the ubiquitous and
abundant peptide comprising of 76 amino acids, is covalently attached to lysine residues on proteins. This
process of ubiquitination is highly regulated and very specific that triggered by the enzymatic cascade of
three distinct classes of enzymes termed E1 (ubiquitin activating enzyme), E2 (ubiquitin conjugating
enzyme), and E3 (ubiquitin ligase). The initial cycle of the cascade reactions forms an isopeptide bond
between a lysine of the target protein and the C-terminal glycine of ubiquitin. Multiple cycles of
ubiquitination lead to formation of polyubiquitination chains by conjugating ubiquitins through two major
lysine sites on position 48 (K48) or 63 (K63). The K48-linked protein ubiquitinationis recognized by the
26S proteosome and targets proteins for degradation, whereasthe K63-linked protien ubiquitination does
not carry proteolytic functions and mostly involved in regulatory processes.
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Recently, a role of ubiquitination in regulation of Akt has been identified(Yang et al., 2009). It has
been shown initially that TRAF6 functions as a specific E3 ligase of Akt.In particular, TRAF6 catalyzes
the K63-linked ubiquitination of Akt on its highly conserved lysine residues within the PH domain (K8
and K14). This specific modification of Akt might be recognized by a shuttling complex orreceptor
localized on plasma membrane that initiates the translocation process. Based on the current model, the
Akt ubiquitination is a transient process and following the initial step in facilitating Akt translocation, the
deubiquitination takes place. Following this step, the PH domain of Akt in a close proximity to plasma
membrane binds PIP3 (Figure 2A and B). This model explains how Akt is efficiently translocated to
plasma membrane in cells stimulated by growth factors. The detailed mechanism of this process including
how growth factor signaling activates TRAF6 remains to be characterized (Yang et al.). Later, the other
E3 ligases Skp2 and TRAF4 have been also identified as the factors carrying a similar regulation of Akt
by mediating its K63-linked ubiquitination (Chan C-H, 2012; Li et al., 2013). It has been further shown
that a recently developed specific Skp2 E3-ligase inhibitor was effective in suppression of survival and
Akt-mediated glycolysis in cancer cells (Chan et al., 2013). The ubiqutination of Akt is a transient
modification associated with its activation that occurs by facilitating its translocation to the plasma
membrane.Deubiquitination of Akt takes place following its translocation by a specific deubiquitinating
(DUB) enzyme CYLD (Lim et al., 2012; Yang et al., 2013)and it explains a transient nature of this
modification that remainedelusive until recent studies.

Akt Signaling

Growth
Factor

P)S473
Akt/PKB
I T ‘ v
GSK-3p Bad MDM2 PAK1
FoxO3a Cyclin D1
Glycogen Survival Cell cycle Cell migration
metabolism progression

Figure 2 (A) The simplified scheme of Akt signaling. Upon growth factor stimulation, the receptor tyrosine kinases
(RTKSs) activate phosphoinositide 3-kinase (PI3K), which further triggers Akt Thr-308 and Ser-473 phosphorylation by PDK1
and mTORC?2, respectively. Both phosphorylation events are required for Akt activation. The ubiquitination of the Akt PH do-
main by TRAF6 is required for recruitment of Akt to plasma membrane and its activation. Moreover, growth factor-independent
Thr-450 phosphorylation of Akt also depends on mTORC?2 activity and is required for Akt protein stability. Activated Akt
controls numerous biological functions by phosphorylating distinct protein substrates. For example, Akt coordinates glucose
metabolism by regulating GSK3p activity. Akt promotes cell survival by phosphorylating and inactivating proapoptotic proteins,
such as Bad and Foxo3a. Akt regulates cell cycle progression by phosphorylating and activating oncogenic proteins, such as
Mdm?2 and cyclin D1. Moreover, Akt controls cell migration by inducing the phosphorylation-dependent PAK1 activation.

— Q —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Regulation of Akt

@ PDGF PDGF

S Q0O EGF EGF

m
€35 / IGF-1 IoF14
85
o £
1 PI(3, 4, 5)P, PI(3,4,5P,  PI(4,5)P,

T T T T T T T

i ,

T R T T

Growth factor
receptors

: N & Kinase
?\ \ ? ,
Membrane \
translocation -.

Vs Tctor

5473
@ mTORC2

Ubiquitination

Activated Akt
Cytosol Inactivated Akt

Figure 2 (B) The diagram describing regulation of Akt. Binding of the growth factors (such as PDGF, EGF, and IGF-1)
to their specific receptors initiates the dimerization and activation of the receptor tyrosine kinases (RTKs) activity. The resulting
tyrosine phosphorylated sites of the receptor cytoplasmic domains provide a recruitment site for phosphoinositide 3-kinase
(PI3K). The translocation event of PI3K to plasma membrane activates its activity and renders PI3K accessible to its substrate,
PI(4,5)P2. PI3K is the conserved intracellular lipid kinase that phosphorylates the inositol ring of the PI(4,5)P2 at the D-3
position to form PI(3,4,5)P3. Importantly, PI(3,4,5)P3 triggers following signal transduction events by recruiting the PH domain-
containing proteins, such as Akt and PDK1. The membrane localization of Akt is regulated by Akt ubiquitination by TRAF6 E3
ligase. TRAF6 is activated by growth factors through an unknown mechanism, and then interacts with Akt and triggers K63-lin-
ked ubiquitination of Akt on PH domain. It is possible that the ubiquitinated Akt may recruit the essential adaptors (?) to facilitate
Akt membrane localization. Upon translocation of Akt to plasma membrane, deubiquitination takes place and then Akt binds
PI(3,4,5)P3 through PH domain. In the meantime, the membrane-recruited PDK1 phosphorylates Thr-308 residue on Akt kinase
domain, and mTORC?2 phosphorylates Ser-473 residue on Akt regulatory domain, leading to the full activation of Akt. The
activation of mTORC?2 by growth factor signaling remains to be addressed.

Hyperactivation of Akt linked to deregulation of growth factor signaling is common in human
cancers. The ubiquitination of Akt might be also relevant to deregulation of Akt in human cancers. The
initial study determined that there are only two TRAF6 ubiquitination sites on Akt (K8 and K14). The
specific mutation of Akt (E17K) is associated with a subset of human breast and colon cancers(Carpten et
al., 2007). In comparison to the wild type Akt, this particular mutant exhibits a higher PIP3 binding, mem-
brane localization, and activity. Interestingly, this mutation by providing the additional lysine ubiqui-
tination site on Akt enhanced its membrane localization and activation that was associated with the hype-
rubiquitination of Akt(Yang et al., 2009). It has been proposed that deregulation of Akt by this mutation is
carried on by hyperubiquitination and also hyper-PIP3 binding. Recently, the similar type of mutation of
Akt (E49K) has been described in bladder cancers(Askham et al.). This mutation also caused
hyperactivation of Akt that might be dependent on its enhanced ubiquitination.

How a specific ubiquitination facilitates the translocation of Akt to plasma membrane is yet to be
characterized(Yang et al.; Yang et al.). This K63-linked ubiquitination plays a role in protein/protein
interactions and it might function as a binding motif to recruit the regulatory factor initiating its specific
translocation. It is possible that this regulatory factor is also mediating the deubiquitination of Akt at the
plasma membrane location. The mediator in this translocation step of Akt from cytoplasm to plasma
membranehas been proposed for many years(Bellacosa et al., 1998)and this regulatory mechanism might
determine the orderly activation as a rate-limiting step in this process.
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2.2.2. Translocation of Akt to the plasma membrane is mediated by its PH domain. The plasma
membrane accumulation of PI(3,4,5)P3 is generated by the growth factor dependent PI3K activity. The
PH domain of Akt by binding to the phosphorylated head group of PI(3,4,5)P3 positions Akt on the
plasmamembrane (Figures 3B and 3C). This binding determines the localization of Akt at its activation

site and also primes Akt for activation as discussed in the next section.

Figure 3 (A) The molecular modeling of the Akt struc-
ture. The kinase domain shown in green and the C-terminal
tail including the turn and hydrophobic motifs are shown in
red. The phosphorylated sites are shown in yellow: the activa-
tion segment (indicated as “loop” in the model) Thr-308 site,
the turn motif (indicated as “tail/linker phosphate” in the mo-
del) Thr-450 site, and the hydrophobic motif Ser-473 site. The
basic residues predicted to bind the turn motif Thr-450 site are
shown in blue. Reproduced from (Hauge et al., 2007) with
permission from Nature Publishing Group.

Figure 3 (B) Structure of PKB_PH Complexed to
Ins(1,3,4,5)P4. A ribbon drawing of the Akt PH-
Ins(1,3,4,5)P4 complex, with the seven Bstrands (labeled B1-7)
shown in blue and the two ahelices (labeleda1-2) shown in
red. Ins(1,3,4,5)P4 is shown as purple carbons. The side chains
of residues interacting with this molecule are shown as
graycarbons. The basic residues thought to interact with the
membrane have their side chains shown as sticks with green
carbons. The negativelycharged residues on VL2 that are hypo-
thesized to interact with the kinase domain are shown as gray-
blue carbons.Reproduced from (Thomas et al., 2002) with
permission form Elsevier.
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Figure 3 (C) Ribbon diagrams of the Ins(1,3,4,5)P4
binding sites of Akt. The Ins(1,3,4,5)P4 is shown as purple
carbons. Forthe Akt-Ins(1,3,4,5)P4 structure, the experimental
electron density map from SOLVE after density modification
is shown in orange (contouredat 2.253). Residues that are hyd-
rogen bonding the ligand are shown as sticks with gray car-
bons. Hydrogen bonds are shown as black dottedlines. Repro-
duced from (Thomas et al., 2002) with permission form
Elsevier.
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The PH domain is found in numerous proteins involved in cellular signaling and comprised of
approximately 100-120 residues that functions as thephospholipid binding domain and therefore mediates
association of proteins with cellular membranes. Among of the known PH domain containing proteins
(about 100 proteins) the sequence is not highly conserved but all the studied PH domains show a
remarkable similarity in their three-dimensional structures. The PH domain of Akt reveals a standard
domain containing seven [ strands forming two orthogonal antiparallel B-sheets, the three loops (VL1, 2,
and 3), and this domain is capped by a C-terminal a—helix(Thomas et al., 2002). Importantly, the three
VL loops lie at the bottom of this 3 barrel and form a positively charged binding pocket. The phospho-
rylated head group of PI(3,4,5)P3 specifically fits to the binding pocket of the PH domain of Akt.
Theprotein/lipid interaction is stabilized by formation the specific hydrogen bonds between the phosphate
groups (at positions D3 and D4)and the basic residues within the loops located on the bottom of the PH
domain binding pocket(Rong et al., 2001; Thomas et al., 2002). The PI head group at position D3
interacts with the three basic residues of Lys14, Arg 23, Arg 25, and also polar group of the residue
Asn53, whereas the D4 phosphate interacts with the similar residues of Lys14 and Asn53, and the distinct
residue of Arg86. The crystal structure studies of the Akt PH domain bound to the phosphorylated head
group of PI(3.4,5)P3 explains that the specificity of binding is determined by phosphorylation of the PI
head group at D3 and D4 excluding the binding of PI(3)P or PI(3,5)P2 (Figure 3B and C). It also explains
why Akt can interact with the similar high affinity with both PI(3,4)P2 and PI(3,4,5)P3.

The functional studies of the PH domain of Akt strongly indicate that this domain is not only the
adaptor domain responsible forthe membrane binding but it is also an important regulatory domain of the
Akt kinase activity. The PH domain at the closed “PH-in” conformation locks Akt at its kinase inactive
state by preventing its activation(Huang et al., 2003). The binding of the PH domain to membrane
switches to the open “PH-out” conformation unlocking the Akt kinase activation(Calleja et al., 2009;
Milburn et al., 2003). The recent work identifiedthe inositol pyrophosphate IP7 (5-diphosphoinositol-
pentakisphosphate) as the novel physiological regulator of Akt that acts by interfering with its PH domain
inhibits activation of Akt. IP7 is formed by a family of three inositol hexakisphosphate kinases (IP6Ks)
and their activity is coupled to activation of insulin signaling (Chakraborty et al.). This allosteric
mechanism in regulation of Akt opens a new approach in development of the novel class of the specific
inhibitors of Akt (Wu et al.).

2.3. Regulation of the Akt kinase by phosphorylation. The phosphorylation-dependent regulation
is commonamong the multiple AGC kinase members. In regulation of Akt the phosphorylation of three
sites are critical to turn on the Akt kinase to active mode (Figure 3A). The phosphorylation of Akt on Thr-
308 and Ser-473 sites is dependent on the growth factor/PI3K signaling, whereas its Thr-450 site is
constitutively phosphorylated (Figure 2A and B). Following growth factor stimulation and translocation
of Akt to the plasma membrane location, Akt is phosphorylated on the Thr-308 and Ser-473 sites, the key
phosphorylation sites, required to fully activate Akt (Bellacosa et al., 2005). The activation loop of Akt on
Thr-308 is phosphorylated by the phosphoinositide-dependent kinase 1 (PDK1) that required for the
kinase activity of Akt (Alessi et al., 1997)(Stephens et al., 1998). PDK1 as the Akt kinase was identified
in 1997, whereas the regulatory Ser-473 kinase of Akt, named PDK2, was identified following several
years only in 2005 as the mTOR Complex 2 (mTORC2) (Sarbassov et al., 2005b).Although several
candidates were proposed earlier as PDK2 (Dillon et al., 2007), the mouse genetic studies confirmed the
role of mTORC2 as the Ser-473 kinase of Akt (Guertin et al., 2006; Jacinto et al., 2006; Shiota et al.,
2006; Yang et al., 2006). Recently, the DNA protein kinase (DNA PK) activated following the DNA
damage response has been also shown to phosphorylate AKT on its hydrophobic Ser-473 site (Bozulic et
al., 2008). Interestingly, the constitutively phosphorylated site of Akt on Thr-450 known as the turn motif
site is also dependent on mTORC2, but in this case it is not dependent on growth factor signaling. It has
been shown that phosphorylation of Akt on Thr-450 is coupled with a nascent polypeptide synthesis of
Akt(Oh et al., 2010). This finding indicates that mTORC2 mediates a proper folding of Akt by
phosphorylation its turn motif Thr-450 sitein association with ribosomes as a co-translational event. A
constitutive nature of this phosphorylation has been recently unraveled (Chen et al., 2013) that will be
discussed in the following chapter 2.3.3. Importantly, a recent study linked regulation of Akt by
phosphorylation to cell cycle. It has been shown that the extreme C-terminus of Akt is phosphorylated on
Ser-477 and Thr-479 by cyclin-dependent kinase 2 (Cdk2)/cyclin A or also by mTORC2. This phospho-
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rylation event promotes Akt activation through facilitating or functionally compensating for the Ser-473
phosphorylation defined as the hydrophobic motif site (Liu et al., 2014).

2.3.1. Regulation of the Akt kinase activity: the input from its structure. The Akt kinase activity is
highly regulated and controlled by the PI3K-dependent phosphorylation of this kinase. The structural
studies of Akt show that its stringent regulation by phosphorylation is determined by stabilization of the
ATP-binding pocket that controls the catalytic activity of Akt (Figure 3A).The resolved AGC kinase
domain structures including Akt show the prototypical bilobal kinase fold containing a small N-terminal
lobe (N-lobe) and a large C-terminal lobe (C-lobe) where the ATP binding pocket of the kinase is located
between the N and C lobes(Pearce et al., 2010). Regulation of the kinase activity is linked to the activation
segment found within the C-lobe that connected to the N-lobe through the distinct o.C helix. This segment
is adjacent to the ATP-binding site which positions ATP for phosphoryl transfer. The phosphorylation of
the activated segment on the Thr-308 site of Aktleads to conformational changes primarily on the aC
helix. These changes trigger formation of the appropriate hydrogen bonds between the ATP phosphates
and particular amino acid residues of ATP binding pocket required for the catalytic kinase activity of
enzyme.The active conformation of the aC helix is stabilized by the hydrophobic motif of Akt located at
the C-terminus. This motif by extending from the C-lobe embraces the N-lobe and binds to the hydropho-
bic pocket formed by the o.C helix.The structural studies outline that the activation segment and hydro-
phobic motif facilitate positioning of the a.C helix in an active conformation. Both the activation segment
and hydrophobic motif are regulated by the growth factor/PI3K dependent phosphorylation of Akt on Thr-
308 and Ser-473.

The AGC kinases also carry the additional distinct regulatory motif defined as the turn motif. The
turn motif of Akt is located close to C-terminus by preceding the hydrophobic motif and is constitutively
phosphorylated on the Thr-450 site. This motif is important in regulation of the Akt protein stability and a
proper arrangement of C-terminal tail around the N-lobe that is critical in facilitating binding of the
hydrophobic motif and hydrophobic pocket of Akt(Hauge et al., 2007). Based on the modeling it has been
proposed that four basic residues of Akt2 (K160, K165, K184, R224) interact with the phosphorylated
turn motif site (Figure 3A). These residues areconserved among the 23 related AGC kinase members
containing the C-terminal hydrophobic regulatory site (Hauge et al., 2007).

2.3.2. PDK]1 is the active segment kinase of Akt. PDK1 is a conserved member of the AGC kinase
family that caries a distinct feature as the constitutively active kinase. It is a polypeptide comprised of 556
amino acids with the kinase domain spanned from the residue 80 to 342 and the PH domain located at the
C-terminus. PDK1 is an essential kinase encoded by a single gene that regulates at least 23 AGC kinases
by phosphorylation the activation segments required to activation of their kinase domains(Mora et al.,
2004; Pearce et al., 2010).In mice missing the PDK1 gene, the embryo development is ceasedat day
9.5 carrying the multiple abnormalities including lack of somites, forebrain, and neural crest derived
tissues. Interestingly, the hypomorphic mice expressing low level of PDK1 (about 10%) are viable and
fertile but were only half size of normal mice(Bayascas, 2008; Mora et al., 2003; Mora et al., 2004). This
PDK1-dependent reduction in animal size was due to the cell size but not cell number effect and this
effect on cell size has not been linked to deregulation of the important PDK1 substrates S6K1 and Akt.
The mechanism how PDK1 controls regulation of cell growth and cell size remains poorly understood.

A specific phosphorylation of the multiple substrates by PDK1 is coordinated by the priming of these
substrates for activation by various extracellular signals(Pearce et al., 2010).In case of Akt, its binding to
PI(3,4,5)P3 leads to the conformational change that functions as thepriming step by promoting the
phosphorylation of Akt by PDK1 on its Thr-308 site. This model is assumed based on the in vitro kinase
studies indicating that the presence of PI(3,4,5)P3 is required for the efficient phosphorylation of Akt by
PDKI1, but the lipid moiety is not required if the substrate is missing the PH domain. From the kinase
point of view, the binding of PDK1 to PI(3,4,5)P3 by its PH domain does not stimulate activation of the
kinase activity. Instead, PDK1 is the constitutively activekinase determined by the constant phospho-
rylation of its activation segment residue on Ser-241. It has been shown that this phosphorylation event is
carried out by the PDKI1 intrinsic capability to trans-autophosphorylate this important regulatory site
(Casamayor et al., 1999).In this setting, the substrate-directed mechanism of regulation determines the
coordinated phosphorylation of the multiple substrates by PDKI1.
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The PH domains carried by PDK1 and its substrate Akt are preferentially bind to PI1(3,4,5)P3 and
thought to facilitate the growth factor/PI3K-dependent colocalization of both these kinases on the plasma
membrane. The colocalization of both kinases might play a role in regulation of Akt because only a weak
phosphorylation of Akt has been detected in cells expressing the PDK1 [K465E] or triple mutant with
non-functional PH domain(Bayascas et al., 2008; McManus et al., 2004). At the same time, a functional
role of the PDK1 PH domain remains questionable because a pool of PDK1 is constitutively associated
with the plasma membrane and its level does not change following the stimulation of cells by growth
factors. Instead, it is believed that PDK1 is widely distributed in cells by binding to soluble inositol
phosphates (Komander et al., 2004).

2.3.3. The mTOR Complex 2 is the regulatory kinase of Akt.

2.3.3.1. The mTOR Complex 2. Originally, mTOR was discovered as a target for the lypophilic
macrolide rapamycin. Rapamycin is well known as a potent immunosuppressant, as a potential anti-cancer
drug, and also for effectively preventing restenosis after angioplasty. All these anti-proliferative effects of
rapamycin are related to its specific targeting and inhibition of mTOR, a central component of the
essential and highly conserved signaling pathway (Harris and Lawrence, 2003). mTOR exists in two
distinct complexes that play different roles in cells (Sarbassov et al., 2005a). The first complex, mTORCI1,
is assembled by the mTOR interacting proteins raptor and mLSTS, also known as GBL (Hara et al., 2002;
Kim et al., 2002; Kim et al., 2003). The mTORC1 complex monitors the level of amino acids available to
cells and controls cell growth and cell size. It functions as a nutrient-sensitive kinase complex that phos-
phorylates its two substrates, S6K1 and 4EBP1, the well-known regulators of protein synthesis. Rapa-
mycin in a complex with its intracellular receptor FKBP12 specifically binds the FKBP12/rapamycin
binding (FRB) domain on mTOR and inhibits the mTORC]1 function, but the cause of that inhibition is
not well understood (Kim et al., 2002). In addition to nutrients, various physiological stimuli, including
growth factors and cellular stress conditions signal to mTORCI1 by differently regulating the tuberous
sclerosis complex (TSC) and the Ras homologue enriched in brain (rheb) signaling module (Hay and
Sonenberg, 2004). Growth factor signaling through Ras-ERK and PI3K-Akt activates mTORCI.
In contrast, stressful conditions like hypoxia are associated with up-regulation of the AMP level
and activation of AMP-activated protein kinase inhibits mTORCI. The mTORC2 substrate Akt
positively regulates mTORCI1, whereas the mTORCI1 substrate S6K1 has a negative effect on the
PI3K/mTORC2/Akt signaling by inducing rapid turnover of IRS1, which causes attenuation of the
insulin/IGF signaling (Guertin and Sabatini, 2005).

The second mTOR complex, mTORC?2, is assembled by mTOR and its interacting proteins rictor,
Sinl, and mLSTS (Frias et al., 2006; Jacinto et al., 2006; Jacinto et al., 2004; Sarbassov et al., 2004). The
mTORC2 complex identified as the regulatory Ser-473 kinase of Aktexpands the mTOR function to
regulation of cellular proliferation, survival, motility, and metabolism (Figure 2). A role of mTORC2 in
regulating of PKCa and the cytoskeleton has also been reported (Jacinto et al., 2004; Sarbassov et al.,
2004). A central component of this complex is mTOR, it is an essential and highly conserved protein. It
contains multiple HEAT repeats at the N-terminal half of the protein that are known to form a scaffolding
structure for protein/protein interactions. The FRB domain responsible for binding of the rapamy-
cin/FKBP12 complex is a stretch of 100 amino acids located in the C-terminal half of mTOR. The mTOR
kinase domain is located at the C-terminus, structurally resembles a kinase domain of PI3K but functions
as a serine/threonine protein kinase and it is essential for the mTOR function (Harris and Lawrence,
2003). In contrast to mMTORC1, mTORC?2 does not bind the rapamycin/FKBP12 complex, suggesting that
the FRB domain on mTOR that is responsible for the binding is not accessible on mTORC2. Never-
theless, prolonged rapamycin treatment causes an indirect effect on mTORC?2 by inhibiting the assembly
of this complex. In some cell types, mostly lymphoma cells, the prolonged rapamycin treatment causes
inhibition of Akt because of a dramatic effect on the abundance of mTORC?2 (Sarbassov et al., 2006).

Two mTOR interacting proteins, mLST8 and DEPTOR, are found in both mTOR complexes. The
mLST8 protein also known as GbL is a small adaptor protein containing seven WD40 repeats, it binds
tightly to the kinase domain and is required for the kinase activity of mTOR (Kim et al., 2003). DEPTOR
has been characterized as a negative regulator of mTOR (Peterson et al., 2009). The mTORC2 component
rictor forms a low affinity complex with mTOR and it is indispensable for the function of mTORC2.
Rictor remains poorly characterized. The full length of the human rictor polypeptide containing
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1,708 amino acids reveals no homology with any known functional domain or protein, although it is
relatively conserved in all eukaryotes (Jacinto et al., 2004; Sarbassov et al., 2004; Sarbassov et al.,
2005b). Initially, rictor’s ortholog, pianissimo, was identified in Dictyostelium as a critical player in
chemotaxis and cAMP signal relay (Chen et al., 1997). The recently identified fourth component of
mTORC?2, Sinl, might provide more insights into the regulation and function of mTORC2. Two Sinl
functional domains have been proposed: the Raf-like Ras binding domain (RBD) and a pleckstrin
homology domain (Schroder et al., 2007). The RBD domain points out Ras as a potential up-stream
effector of mTORC2, and localization of mTORC2 at the plasma membrane might depend on the
plekstrin homology domain of Sinl. Like rictor’s, Sinl’s ortholog was initially identified as an important
regulator of chemotaxis and in addition as a Ras interacting protein 3 in Dictyostelium (Lee et al., 2005;
Lee et al., 1999).

2.3.3.2. The mTOR Complex 2 is the regulatory Ser-473 kinase of Akt. The functional studies of
mTORC2 have been initiated following the biochemical identification of two distinct complexes of
mTOR.The second mTOR complex has been proposed to carry a novel rapamycin-insensitive function of
mTOR because the rapamycin/FKPB12 complex did not bind to mTORC2. Interestingly, the serendipi-
tous finding drew into theinitial link between mTORC?2 (at that time known as the rictor-mTOR complex)
and Akt(Ali and Sabatini, 2005). The truncated form of S6K1 carrying its hydrophobic Thr-389 site on its
C-terminus had been characterized as the rapamycin-resistant isoform of S6K1. It has been assumed that
the peptide sequence of S6K1 between the Thr-389 site and its C-terminal residue at Leu-525 functions
as the phosphatase binding motif and it is critical in the rapamycin-dependent dephosphorylaiton of the
Thr-389 site. The characterization of this phosphorylation by the knock down of raptor or rictor
expression showed that the phosphorylation on Thr-389 of the rapamycin-resistant truncated from of
S6K1 is dependent on mTORC2 but not mTORCI(Ali and Sabatini, 2005). This unexpected finding
strongly indicated that mTORC2 prefers to phosphorylate a hydrophobic site located at C-terminus, and
the truncation of S6K1 is switching the substrate specificity from mTORC1 to mTORC2 that also
explains its insensitivity to the rapamycin treatment. Akt as the AGC kinase family carries the well-
defined hydrophobic motif on its C-terminuis (Figure 1B) that initiated to study a role of mMTORC2 in
regulation of Akt.In the present time based on the distinct location of the hydrophobic motif site within
the AGC kinase family members, mTORC2 has been defined as a major regulatory kinase of Akt
(Sarbassov et al., 2005b)and also other essential member of this family of kinasesknown as SGK (Garcia-
Martinez and Alessi, 2008).

Regulation of Akt by its phosphorylation on the hydrophobic Ser-473 site is coupled to activation of
the growth factor dependent PI3K signaling. The functional role of mMTORC?2 as the Ser-473 kinase of Akt
defines this kinase complex as the component of growth factor signaling (Figure 2B).How growth factor
signaling regulates the mTORC2 kinase activityremains very poorly understood. The distinct growth
factor dependent phosphorylation of the mTORC2 components mTOR and rictor has been identified. The
phosphorylation of mTOR on its hydrophobic Ser-2481 site is linked to the active state of mTORC2(Copp
et al., 2009). This site of mTOR has been previously characterized and defined as its hydrophobic auto-
phosphorylation site(Peterson et al., 2000). Why this autophosphorylation site reflects a high kinase
activity specifically of mTORC2, but not mTORCI, is not known. The essential component of mTORC2
rictor is a phospho-protein (Akcakanat et al., 2007; Sarbassov et al., 2004). Several distinct phosphory-
lation sites have been identified on rictor and its Thr-1135 site has been characterized as the phos-
phorylation site regulated by growth factor signaling. Interestingly, S6K1 is a kinase of the Thr-1135 site
on rictor implying its potential role as alink coordinating mTORC1-dependent regulation of mTORC2.
This site has been shown to carry a negative role in regulation of mMTORC?2 by providing a binding site for
the 14-3-3 adaptor proteins (Dibble et al., 2009; Julien et al.; Treins et al.). The functional studies indica-
ted that the rictor Thr-1135 site is not essential in regulation of the mTORC?2 kinase activity and this
phosphorylation takes place independent of mTORC2 (Boulbes et al., 2010).Conversely, the Ser-1235 site
on rictor has been identified as an inhibitory phosphorylation site of the mTORC?2 kinase activity that
unravels a mechanism how ER (endoplasmic reticulum) stress inhibits Akt signaling (Chen et al., 2011).
ER stress activates several stress-responsive kinases including glycogen synthase kinase 3 (GSK3p), a
well-known substrate of Akt. Under ER stress, a hyperactivated GSK3[Iphosphorylates the mTORC2
component rictor on Ser-1235 and this modification has been sufficient to inhibit the kinase activity of
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mTORC?2 representing a large kinase complex of more than 500 kDa. The functional studies indicated
that phosphorylation of rictor on a single Ser-1235 site interferes with the substrate binding of mTORC2
and causes a substantial inhibitory effect on the kinase complex activity under ER stress(Chen et al.,
2011). This finding defines how ER stress inhibits activaty of Akt mediated by the well-defined substrate
of Akt known as GSK3p. How ER stress activates GSK3[] remains poorly characterized and it has to be
thoroughly addressed to understand the ER stress responsive mechanisms.

Until now, how growth factor signaling regulates the mTORC2 kinase activity remains poorly under-
stood. A strong lead on the growth factor-dependent regulation of mTORC2 has been revealed by the
finding that mMTORC?2 is activated in association with a ribosome (Zinzalla et al., 2011). It is supported by
the study indicating that mTORC?2 in association with ribosome carries the cotranslational phosphory-
lation of Akt on turn motif site (Oh et al., 2010). Both theses studies show a strong relation of mTORC2
with ribosomes that is related to the functional studies indicating ER, a cellular organelle enriched with
ribosomes, as a main localization site of mMTORC2(Boulbes et al., 2011). It is important to point out that
localization of mTORC?2 in the ER fraction is not sensitive to growth factor signaling, while its substrate
Akt gets translocated from the cytosolic to plasma membrane fraction following stimulation of cells by
growth factors(Alessi et al., 1997; Boulbes et al., 2011; Stephens et al., 1998). This observation suggests
that mTORC?2 is localized on a surface of ER and it is accessible to its cytosolic substrate Akt. This
functional topology of mTORC?2 is supported by the recent work indicating that the active mTORC?2 is
localized at mitochondria-associated endoplasmic reticulum membranes (Betz et al., 2013). It will be
important to show that the active mTORC2 kinase complex resides on ER surface by the functional
studies of purified ER fractions and mTORC2 kinase activity.

2.3.3.3. The mTOR Complex 2 phosphorylates the Thr-450 turn motif site of Akt. The carboxyl-
terminal tail of Akt carries two distinct phosphorylation sites known as theregulatory hydrophobic Ser-
473 site and its neighboring turn motif Thr-450 site(Hauge et al., 2007). Interestingly, both these sites are
dependent on the mTORC?2 function but their regulation is highly distinct. Regulation of the hydrophobic
Ser-473 site is coupled to the growth factor dependent mTORC?2 activation. Although the Thr-450 site is
located close to the hydrophobic Ser-473 site, its regulation is very different because this turn motif site
on Akt is phosphorylatedconstitutively on this residue(Facchinetti et al., 2008; Ikenoue et al., 2008). This
phosphorylation site is critical for proper folding of Akt as a part of the carboxyl-terminal tail known to
interact with the N- and C-lobes of the kinase domain. The turn Thr-450 site has been also shown to
control the protein stability of Akt.

The detailed study of the Akt phosphorylation on the turn motif Thr-450 site has indicated a novel
role of mTORC?2 in protein processing coupled to translation. It has been shown that mTORC2 can
associate with the actively translating ribosomes and during translation of Akt mTORC2 mediates
phosphorylation of a nascent polypeptide on the turn motif site(Oh et al., 2010). This study shows that the
turn motif phosphorylation by mTORC?2 is taking place early during the translation process that facilitates
a proper folding of the Akt nascent polypeptide. Prevention of the phosphorylation on Thr-450 by
mTORC?2 leads to a high rate of misfolding of Akt as detected by binding of the folding chaperone
HSP90. A misfolded Akt protein is targeted by the 48K-linked ubiquitination and degraded by the
proteosomal pathway.

A basic activity of mTORC2 independent of growth factor signaling is sufficient to retain the
constitutive phosphorylation of Akt on Thr-450(Facchinetti et al., 2008; Ikenoue et al., 2008; Jacinto and
Lorberg, 2008). How the multi-protein mTORC?2 kinase complex associates with ribosomes and speci-
fically recognizes a nascent translated polypeptide of Akt is to be further characterizedto define the
mTORC?2 function as a protein complex involved in protein processing. Most likely, the mTORC2-
dependent phosphorylations of Thr-450 or Ser-473 site are uncoupled and independent events where the
distinct localizations of mTORC?2 determine its role as the kinase of the turn or hydrophobic motif site of
Akt. Regulation of a constitutive phosphorylation of the Thr-450 site of Akt by mTORC2 has been
recently unraveled. The initial study on reconstitution of mMTORC2 led to observation that the mTOR
kinase activity by phosphorylation of the essential mMTORC2 component SIN1 maintains integrity and
stability of mTORC2 (Chen and Sarbassov, 2011). The further studies indicated that a basal kinase
activity of mTORC2 maintains phosphorylation not only Akt on Thr-450 but also its own component
SIN1 on Ser-260. A basal kinase activity of mTORC2 is dependent on glucose but not amino acid
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deprivation linking it to dependence on cellular ATP level (Chen et al., 2013). The detailed in vitro kinase
studies determined that mTOR, as the protein kinase of mTORC2, requires a physiological level of ATP
(in a range at least 1.2 millimolar concentration) for its high activity. This study is coherent with the
original finding that defined mTOR as a homeostatic ATP sensor because it has a low affinity to ATP that
makes it highly sensitive to depletion of ATP in cells (Dennis et al., 2001). It can be concluded that a
basal kinase activity of mTORC2 acts as a stabilizing factor by maintaining a constitutive phosphorylation
of Akt on Thr-450 and also its component SIN1 on Ser-260. A high sensitivity of mTORC2 to low
cellular ATP level determines its disintegration under cellular stress conditions (Chen et al., 2013).

2.4. The regulation of Akt by phosphatases. A steady balance in regulation by phosphorylaiton is
determined by kinases and phosphatases. This balance is particular critical in regulation of the tightly
controlled and important Akt signaling. Phosphorylation of the activation segment Thr-308 and the
regulatory hydrophobic Ser-473 sites of Akt are required to full activation of its kinase activity. As these
distinct sites are phosphorylated by two different kinases PDK1 and mTORC2, and these sites are also
dephosphorylated by two different phosphatases.

The PH domain leucine-rich repeat protein phosphatase (PHLPP) has been identified as a phos-
phatase that specifically dephosphorylates the Ser-473 site of Akt (Gao et al., 2005)and therefore it is
opposing the phosphorylation reaction catalyzed by the mTORC2 kinase complex. Initially, this
phosphatase was selected as a phosphatase candidate of Akt because it represented the only phosphatase
family containing the PH domainassumingits potential localization overlap with the PH domain
containing proteins including Akt. The functional studies supported a role of PHLPP in regulation of the
Akt phosphorylation specifically of its Ser-473 but not Thr-308 site(Brognard and Newton, 2008; Gao et
al., 2005). PHLPP is highly conserved in evolution from yeast to humans and most likely it is essential in
regulation of cell signaling.

PHLPP is a distinct sub-family of the protein phosphatase 2C (PP2C) family, its catalytic activity
depends on the presence Mg>" or Mn”" and is independent of the common phosphatase inhibitor okadaic
acid. The PHLPP phosphatases are represented by two members (PHLPP1 and 2) encoded by two diffe-
rent genes where the first PHLPP1 form exists in two forms o and that generated from splice variants of
the same gene. Several domains have been identified within the PHLPP sequence including the Ras
association, PH, leucine rich repeat region, and PDZ binding motif. The functional roles of these PHLPP
domains are not well characterized and the initial study indicated that the PDZ domain is indispensable
for the phosphatase function(Brognard and Newton, 2008; Gao et al., 2005). It is proposed that PDZ, as
the C-terminus protein interaction domain, might assemble PHLPP into signaling complexes required for
its phosphatase activity.

The PDK1-dependnet phosphorylation of Akt on Thr-308 within the activation segment is required
for the kinase activity and its regulation is critical in the PI3K/Akt signaling. Based on the RNAi-screen in
C. elegans, a B56 regulatory subunit of the protein phosphatase 2A (PP2A) holoenzyme has been identi-
fied as a negative regulator of the activation segment phosphorylation of AKT1. This regulation is highly
conserved in evolution and the mammalian B56fBregulatory subunit of PP2A has been shown to inhibit
phosphorylation of the Thr-308 site of Aktl in adipocytes (Padmanabhan et al., 2009). The PP2A
holoenzyme substrate recognition study showed that its B subunit interacts with a substrate (Shi, 2009; Xu
et al., 2008). It is interesting how the PP2A holoenzyme selectivity against the Thr-308 site of Akt is
specifically determined by its regulatory B56Bsubunit. Recently, it has been also described that the
constitutively phosphorylated turn motif Thr-450 site of Akt is regulated specifically by the PP1 phos-
phatase. The study shows that activity of both o and [ PP1 isoforms associate with the dephosphorylation
of the turn motif site and inhibition of Akt (Xiao et al.). In the present time a role of the phosphatases in
regulation of the Akt kinase activity remains poorly characterized.

2.5. The functional role of Akt. The Akt signaling is engaged in multiple signaling pathways and
involved in regulation of a variety of cellular processes, including cell proliferation, growth, survival, and
metabolism. Perturbations of the Akt signaling are associated with human diseases including cancer and
the metabolic syndrome. Several Akt substrates are functionally relevant to human cancer. Akt has been
implicated in regulating of cell cycle through the phosphorylation of the cell cycle inhibitors p21 and p27
by causing their cytoplasmic retention (Viglietto et al., 2002; Zhou et al., 2001a) and also through the
phosphorylation of the human oncogene product MDM2, which degrades the p53 tumor suppressor gene
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(Zhou et al., 2001b). Akt regulates cell survival through its inactivation of the pro-apoptotic protein BAD
(Datta et al., 1997; del Peso et al., 1997) and inhibition of its highly conserved substrates identified as the
FOXO transcription factors that drive the expression of pro-apototic genes (Brunet et al., 1999). Akt also
plays a role in metabolism by inactivating glycogen synthase kinase-3 (GSK-3) and by activating
glycolysis and glucose transport (Cross et al., 1995; Kohn et al., 1996). The role of the Akt signaling in
regulation of cell growth and cell size is linked to its up-regulation of the mammalian Target of
Rapamycin (mTOR) pathway by the phosphorylation of TSC2 (Inoki et al., 2002)(Manning et al., 2002)
and the recently identified PRAS40 (Sancak et al., 2007; Vander Haar et al., 2007).

Knockout studies of the individual Akt isoforms in mice have revealed the specific functional roles
of the Akt kinase members (Stambolic and Woodgett, 2006). The targeted disruption of Aktl has
identified its role in regulating of body size and adipogenesis. Knockout of the Akt2 gene in mice is
associated with severe insulin resistance and diabetes. Double knockout of Aktl and Akt2 causes perinatal
lethality due to multiple developmental defects. A 20% decrease in mouse brain size has been linked to
loss of the Akt3 gene. It is Interesting that different roles of the Akt members have been identified in their
signaling in mammary tumor progression. Activation of Aktl itself is not sufficient to stimulate tumor
growth, but it can cooperate with other oncogenic factors in accelerating tumorigenesis (Dillon et al.,
2007). Overexpression of Akt2 has been reported to up-regulate bl-integrin and increase the invasion of
human breast and ovarian cancer cells. In addition, the expression of Akt2 but not of the other isoforms
mimics the effect of invasiveness driven by the PI3K signaling in breast cancer cells, and the introduction
of only kinase-dead Akt2, but not Aktl or Akt3, prevents invasion induced by either activation of PI3K or
overexpression of HER2 (Arboleda et al., 2003). Moreover, the antagonistic roles of Aktl and Akt2 have
been identified in cell motility and invasion of breast cancer cells (Irie et al., 2005; Toker and Yoeli-
Lerner, 2006). Taken together, these data outline a role of Akt2 as a mediator of the PI3K-dependent
cellular adhesion, motility and invasion. This distinct function of Akt2 might be linked to its specific
localization adjacent to the collagen IV matrix during cellular attachment (Arboleda et al., 2003).
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"MonexyabIK XoHe KaCyIIaIbIK OHKONOT s GOIiMi,
AHIepCOHOHKOJIOTHSUTBIK OPTAJIbIFEI, Texac yHuBepcureti, XptocToH, AKIII,
Texac YHUBEPCHTETIHIH MEIUIIMHAIBIK-GHOTOTHSIBIK FHUIBIMAAPBIHBIH XKOFApFbl MekTe6i, XprocTon, AKIII

OCY ®AKTOPBIH ECKEPTETIH B (Akt) TIPOTEMHKHWHA3ACBI

Annoranust. Eckeprerin ecy dakropsl pochonnoznut 3-kunassl (PI3K) / Genrini Akt akTHBTEHIIpYi apKbIIbI
nposudepalysiHbl, JKacyllalapAblH eMip CypyiH jKOHE capalaHyblH peTTeii. Bys cUrHanabIK KOJIABIH peTTeNnyi —
OHKOJIOTHSIJIBIK JKOHE METaOOJMKAaNbIK Oy3bUIbICTAp/bl KOCAa aliFaHza, JKalllbl aJaMy aypybl OOJIBIN caHajajpbl.
[1na3ma MemOpaHachIHOa OpPHAJACKAH PELENTOPIapAblH THPO3HHKHUHA3AJIAPBIH OalIaHBICTBIPY apKbUIBI JIMIMATI
kuHa3 PI3K periHne aHbIKTaJdFaH HETi3ri KOMIIOHEHTTI Koca alFana ecy ¢axropapsl oencenaipineni. PI3K werisri
KO3FANTKBIII JKyike ImeTi Akt ceprH/Tpe mpoTenHKWHA3achl HeMece B mpoTenHKMHA3achl 00BN TaOBIIambl. AKT
SpTYpJI JKacymanblkK Oenrinepai cyOcTpaTrTapablH KeH ayKbIMbIH (ochopiiaHy apKbUIbl TYpIIEHAIpPEl jKoHE OHBIH
kp3Meti kara" Typae PI3K Oakpimanazael. Akt rorasmMa MemOpaHacklHa aybICTHIPY KE3€HI OHBI aKTHBTEHIIPYIiH
HETi3ri Ke3eHi Ooubin Tadbutaabl, o Akt kuHa3mel tomeHre GocdopiaHybiHa allbIl Kele/l koHe TuapodoOThl Mo-
TUBTEpII perreiini. byn yuackenepuiy ekeyiniy ne dpocdopiaanysr Akt Tosbik Oencenaipy yiniH KaxeT. by makana-
na 613 PI3K-re toyenji eckepreTin ocy (pakTOpbIHBIH TpaHCIOKAaUUICH MeH (ocdopnanysl apkpuibl Akt perreiTin
MEXaHM3MACPiH CHIIATTalMBbI3.

Tyiiin ce3nep: Oenri Oepetin ocy dakropsl, B nporennkunasacsl, hochopiany, KHHA3IBIK JOMEH.
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ITPOTEMHKHNHA3A B (Akt), CUTHAJIM3UPYIOIIASA ®AKTOP POCTA

AnHoTanusi. CUrHajbHbIN (hakTop pocTa peryiupyeT nponudepanunio, BbbkuBanue u 1udhepeHnnpoBKy Kie-
TOK myTeM aktuBaiuu pocdounnosuruna 3-kunasel (PI3K)/curnansuoit Akt. JleperyinupoBanue 3TOro CUTHAIBHOTO
MyTH SIBJIIETCSI PACIPOCTPAHEHHBIM 3a00JI€BaHMEM 4YeNOBEKa, BKIIOYAs paK M HapyIIeHHS OOMEHa BEIIEeCTB.
®DaxTOpHI pocTa IMyTeM CBS3BIBAHHUA C MX CHENU(UISCKUMH PEleNTOPHBIMU THPO3UHKWHA3AMH, PACIIOIOKCHHBIMH
Ha TUIa3MaTHYecKol MeMOpaHe, HAOMPAIOT M aKTUBUPYIOT CUTHAJIbHBIE (DAKTOPBI, BKIIIOYAsl KIIFOYEBOW KOMIIOHEHT,
HACHTUDHUIUPOBAaHHBIN Kak JunuakuHaza PI3K. Kinrouessim Hmkenexamum 3¢ dhexropom PI3K sieisercst cepun/Tpe
npoTreMHkrHa3a Akt WM Takke M3BECTHAs Kak mpoTenHkuHaza B. Akt TpaHcOpMHpYeT MHOKECTBO KIIETOUHBIX
CUTHAJIOB TyTeM (ochOPUINPOBAHUS IIHPOKOTO CHEKTPa CyOCTPaTOB, M €ro akKTUBHOCTh CTPOTO KOHTPOIUPYETCS
PI3K. IIlar tpaucmokanuu Akt K IIa3sMaTHuecKoi MeMOpaHe SIBISICTCS TIEPBUYHON CTaArel €e aKTHBAIWH, IPUBO-
Jsieit k gocdopuiupoBano Akt Ha KHHa3HOM JOMEHE M peryjupyoiiemMy ruapodpodHomy motuBy. Dochopu-
JUPOBaHHE 000X ATHX YyYaCTKOB HEOOXOAMMO Juisi moyiHOM aktuBaiuu Akt. B 3Toii craThe MbI ONMCHIBaeM MeXa-
HHU3MBI TOTO, KaK CUTHAIM3UPYOUINi (Gaktop pocta, 3aBucsiumii ot PI3K, perynupyer Akt nocpencrBom ero Tpasc-
nokauu u $HochopHIMPOBAHUSL.

KaroueBble ci10Ba: curHanbHbli (akTop pocTa, NpoTerHKUHa3a B, dhochopuirpoBanne, KWHA3HBINA TOMEH.
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ERECTILE DYSFUNCTION:
A LOOK AT THE PROBLEM THROUGH THE EYES OF WOMEN

Abstract. In the presented article results of research on revealing of impairment of sexual function of men on
the basis of interview of women.

Scientific research shows that the problem of erectile dysfunction is often hushed up by both men and women.
Visits to the doctor occurs already with irreversible changes, whereas timely assistance can significantly improve the
quality of life of partners.

We have developed a questionnaire for a survey of women: how do they evaluate their sex life and how the
sexual health of their partner affects their quality of life. More than 12 thousand women were interviewed and more
than 11 thousand questionnaires were analyzed.

The results showed that the majority of women are satisfied with their sexual lives, but about 44.2% have ever
faced erectile dysfunction. It is noteworthy that erectile dysfunction was found in partners of even a young age group
- 6% and increased according to age.

Prophylaxis of ED should necessarily include informing both men and women about the symptoms of the
disease. Double control will allow to turn to a specialist at an early stage and maintain high quality of sexual life and
harmony from living together partners.

Keywords: sexual dysfunction, erectile dysfunction, mens health
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IPEKTHUJ/IBHAA JUCPYHKIUA:
B3TJIAA A HA ITPOBJIEMY I'JIAZAMMU KEHIIIUH

AHHoOTanus. B mpencTaBneHHON cTaTbe M3N0XKEHBI PE3yJIbTaThl MCCIIEAOBAHUS IO BBISBICHUIO HapyIIEHUH
CEKCYaJIbHOHN (DYHKITMH MY>KYHH Ha OCHOBE OIPOCA JKCHIIKH.

Hayunple uccnenoBanus MOKa3bIBAIOT, YTO MPOOIIEMa IPSKTHIBHON UCHYHKINU 3a9aCTyH0 YMATIYHBACTCS KakK
MY>KYHHAMH, TaK W x)eHIHaMu. O0OpalieHre K Bpady IPOUCXOINUT yKe MPHU HEOOPATUMBIX H3MEHEHHSIX, TOTIa KaK
CBOEBPEMEHHAsI [TOMOIIb MOKET 3HAYUTEIHHO YIYUIIUTh KAYeCTBO KU3HU MAPTHEPOB.

Hamu Obita pa3paboraHa aHKeTa Ui OMpOCca HKEHIIHH: KaK OHU OLCHUBAIOT CBOIO CEKCYabHYIO JKU3Hb M KaK
BJIMSIET Ha KaYeCTBO WX JKM3HU CEKCyallbHOE 3I0pPOBbE MOJIOBOT0 MapTHepa. bbuto omporeHo 6osee 12 ThicsY KeH-
IIUH U TPOaHATM3UPOBaHO Oosiee 11 ThICAY aHKeT.

PesynbraThl mokasanu, 4Tto OOJBIIMHCTBO KEHIIWH YIOBJIECTBOPEHBI CBOEH CEKCyaJbHOW JKH3HBIO, OJIHAKO
okouo 44,2% XOTb pa3 CTAIKUBAIKCH C 3PEKTUIIbHON nuchyHKimei. [IpumedarenbHo, 4TO IpeKTUIIbHAS AUCPYHK-
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IUsT BCTpedaslach y MAapTHEPOB Jake MOJIOJOH BO3PAacTHOW Tpymmbel — 6% W yBeJIWYMBAIach COOTBETCTBEHHO
BO3PACTY.

Ipodpmmaktrka 3] nomwkHA 003aTENBHO BKIIOYATh B ce0s1 MHPOPMUpOBaHHE KaK MYXXYHWH TaK W JKCHIIUH O
cuMITOMax 3abosieBaHus. [|BOMHON KOHTPOJIb IIO3BOJIMT HAa PAHHUX CTaJHAX OOPATHThCA K CIELHAINUCTYy U CO-
XPaHUTh BBICOKOE KaYeCTBO CEKCYaIbHOM )KU3HU U TapMOHUH OT COBMECTHOT'O IIPOXKHUBAHUS APTHEPOB.

KiroueBble cjioBa: cexcyanbHas AUCHYHKINA, SPEKTHIbHAS TUCHYHKITHS, MY>KCKO€ 3J0POBbE.

AKTyaJIbHOCTB. OpektmiibHas auchynknus (D/]) — 3To HECTOCOOHOCTh TOCTUTaTh MOTHOICHHON
SPEKIHU I JOCTHIKCHUS CEKCYaabHOTO KOHTakTa. VcclieoBaHUS TOCICIHUX JECATHICTHIA BBISBUIN
yBeNMYEHHE pacrpocTpaHeHHocTH D)l cpenn MyKYWH, a TakKe HAaCKONbKO HeraTMBHO OJJ| Bimser Ha
CeKCyaJbHYIO KM3HB Maphl U KauecTBO xku3HU [1-3]. Jonroe Bpems D]] paccmaTpuBamach Kak TOJIBKO
«MyXCKas» mpo0iieMa, 0JJHAKO B X0JI¢ MHOTOUMCIICHHBIX OTPOCOB U MCCIICIOBaHMI ObLIO BBISBICHO, YTO
JKEHIIWHBI, CTOJKHYBIIUECS ¢ mpoOnemoit D) y mapTHepoB, cTpamatoT He MeHbIne. CTONKHYBIINCH
BIIepBbIe ¢ D/ y My >KUUHBI, )KEHIIIHHBI CKJIOHBI K OOBUHEHHIO ce0s B HETOCTATOYHOW MPUBIIEKATEIEHOCTH
Ui mapTHepa. My’K4uMHA ke, BIIEPBBIE CTOJNKHYBLIUCH C 3TOW MpOoOJIEeMOH, MpeanoYnTaeT yMaIdHBaTh
npo0isieMy, He Kenas oOpamaTh Ha 3T0 BHUMaHue. [nurenbHas (GpycTpalus U pa3ouapoBaHUe, a TaKxKe
OTCYTCTBHE COBMECTHOTO OOCYXIEHHUS MpOOJIEeMBbl, MPUBOAUT K OTUYKICHHUIO MAapTHEPOB BIUIOTH IO
pa3pylIeHus COBMECTHBIX OTHOIIEeHUH. [TapTHEephl oTHOCAT D] K ICUXOIOTUYECKOH TTpobiieMe, ToTIa KaKk
B 80-90% ciyuaeB D]l BbI3BaHA Cepbe3HBIM 3a00JeBaHMEM (KapIMOBACKyJSIpHAs AaTOJOTHS, CaXapHBIN
nmuaber, aTepocKiepos u T.1.)

Yame Bcero Myx4mHBI ¢ JJ] oOpamarorcs K ypojoram, aHApoioraM W ceKcojoraM. BBIABIS
npuuuHy JJ1, BpauaM HEOOXOJUMO MMETh B BHJY, KaKOH CEpPhE3HBIN NICHXOJOTUYCCKHI YPOH MTPUHOCHUT
3TO 3a00JIeBaHKEe HE TOJBKO MAIMEeHTY, HO U €T0 IMapTHEepIIIE.

WccnenoBannii, HaNpaBIeHHBIX HAa W3yYEHHE B3IIIAAa JKEHIIWH Ha Hammuwe JJ] y uX MyX4wH,
npaktuyecku Het. Colson M.H. B 1995 roxy omyOnukoBan pe3ynbrathl TenedoHHOro onpoca 507 xKeH-
e Bo ®panruu B Bozpacte ot 20 10 65 net. 25% >KeHIUH COOOIIMIN, YTO CTAIKUBAIKUCH C IPOOIEMOii
O] B cBOMX OTHOIIEHHAX. 66,4% >KEHIIWH 3asBUJIHM, YTO €CIH BO3HHKHET Takas IMpoOiieMa, TO OHHU
00s13aTETHPHO HATIPABAT CBOMX MY KYMH Ha MEAUIIMHCKOE oOcnenoBanue [4].

B 2005 rony FisherW.A. ¢ coagt. [5] nposenu uccinenosanue FEMALES, niensto koToporo siBisi-
JIOCh M3y4YeHUe OTHOIICHWS >KEHIMH K D)l y WX CeKCyallbHBIX MapTHEPOB. Pe3ynbTaThl HCCIeIOBaHHUS
MOKA3aJId, YTO TOCJe BBISBICHUS AuarHo3a D)l y WX mapTHEPOB, CEKCyalbHas aKTHBHOCTH JOCTOBEPHO
YMEHBIINIACh, O0JIee TOr0, 0TMEYANIOCh JOCTOBEPHOE CHUKEHHE YJOBJIETBOPEHHOCTH OT IOJIOBOTO aKTa.
Taxxe ObUTa BBISIBICHO JOCTOBEPHOE YJIYUIIEHHE CEKCYallbHOW JKU3HW y KEHIIUH, TTapTHEPHI KOTOPHIX
MPUHUMAaIA HHTHOUTOPEI (hochoamdctepasbl S5-ro tumna (P< 0.05). UccnenoBanus 2009 roxa BBIACHUIH,
YTO OTHOIIEHHE >XCHIIMHBI K DJ ee My YHWHBI BO MHOI'OM OIPEACISACT MOBEACHUE MYXXYUHBI TPU
neuernnn D/ [6]. Takum oOpa3omM, KEHCKOE OTHOILIEHHE K MpobieMe, ceKcyabHas yIOBICTBOPEHHOCTD
JKEHIIUHBI, TICUXOJOTHYECKas MOAJEPKKA SBISIOTCS BAKHBIME (DPAaKTOpaMHU U JIaXKe MPOTHOCTUYECKUMHU
MapkepaMu 3G (HEKTUBHOCTH AUATHOCTUKY M JiedeHus D/ y My KuuH.

Less nccjea0Banusl — H3YYUTh OCHOBHBIE aCIEKTHl CEKCYaIbHOTO 30POBbs JKEHIIMH PecmyOmanku
Kazaxcran 1 uX OTHOIIIEHUE K 3PEKTHIILHOW TUCPYHKINU Y TTApTHEPA.

Matepuaa u MeToAbl. J[ns McciieOBaHMS KadecTBa CEKCyallbHOW JKM3HM JKEHINWH OBLTH aHKe-
THPOBaHBI KEHIIWHBI BceX perrnoHoB Pecrybnuku Kazaxctan B Bo3pacte oT 15 no 81 roma. CrienmansHoe
nporpaMMHoe obecneuenne «AnketaMining», pazpaOoTaHHOE TPYIIOH HccienoBaTeded M pa3padboT-
9ukoB MexayHaponHoro YHausepcutera Madopmannonasix Texnonoruit (MYUT), ObU10 UCIIONBE30BAHO,
KOTOpoe o0ecreuuBacT BBOJ AHKETHBIX JAHHBIX, NMPOBEPKY HA BAIMAHOCTh W WX IEPBOHAYAIBHYIO
00paboTKy. bbuto momydeHsl aHKeTHBIE JaHHBIE, coaepKamue 12 BOIPOCOB O Ka4eCTBE KHU3HU JKEHIIHH.
AHKeTa BKITIOYaJia B ce0sl CIIeAYIOIIe BOIPOCHL:

C Kakoro Bo3pacTa HadaJIi KUATh TTOJIOBOM KU3HBIO?
B kxakom Bo3pacte Bbl mpekparuiy mojJoByO KU3HB?
Perynspuo nu Brl 3anumaerecs cekcom?

Kak gacto Be1 3aHMMaeTech cexkcom?

Kak gacto Bel Bo30yx1aeTech Bo BpeMs cexca?
Jocrturaere nu Bel oprazma npu moioBoM akre?
Kax wacto Brl ynoBieTBopeHsI OT cexca?

N E W=
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8. Ort Koro yaie BCEro UCXOAUT HHULINATHBA 3aHATHUS CEKCOM?

9. Ectp mu y Bamero maptHepa mpoOiieMbl ¢ 3peKIHel, KOTOphle HETaTUBHO BIWAIOT Ha Bamry
CEKCYaJIbHYIO0 aKTHBHOCTH?

10.Ectp nu y Bamero napTHepa npo0neMsl ¢ IpeXIeBPEMEHHON ISIKYISIHEH, KOTOpble HETaTUBHO
BIIMSIOT Ha Bamry cexcyallbHy!0 akTHBHOCTB?

11.Ecnu B HacTosIee BpeMs HE JKUBETE MOJIOBOM, TO 1O KaKOH MpUIHHE?

12.Kak BsI cunTaere, 10CTaTOUHO JIM OHOTO MapTHEPa AJs MOTHOLEHHON CeKCyallbHOM XKU3HU?

[lepen oOpabGoTKOil maHHBIX ObUIA MPOBENCHA MPOBEPKAa HAa HOPMAIBHOCTh PACHpEACICHUS 3aBH-
CHUMBIX IepeMeHHbIX. Pacnpenenenus, ABugoMecs NPUOIMKEHHO HOPMAaJIbHBIMH, OIUCBHIBAIN CPEIHUM
(M) u cpennexBaapaTH4HbIM OTKIOHeHHEM (SD). [l MHOKECTBEHHBIX CpaBHEHHH OBLT MCIOJIb30BaH
Metoq ANOVA (ANOVA — aucniepcHbIil aHanu3), B 3TOM aHalIK3€ JJIs CPaBHEHUS MapHBIX 3HAYCHUH B
rpynnax ObUI HCIIOJIb30BaH METOJ allOCTEPHOPHBIX MHOXKECTBEHHBIX cpaBHeHHH — HSD tect muist rpymnm ¢
pasHBIM KOJIMYECTBOM JIIEMEHTOB (Momudukanus tecta Thioku) wimu TecT Bonferroni. B HexoTopbIx
CITydJasx AJsl CpaBHEHMs Napbl 3HAa4€HUH MCTIoNb30Bajcs t-kputepuii CThrOACHTA.

PesyabraTthl ucciaenoBanusa.Bcero Oputo cobopano 12 400 amker. [locme 00paboTku ocrTanock
11 649 anmker. YacTp aHKeT OBUTM 3aIOJHEHBI JIMITH YACTHYHO. KOTMYIECTBO ONMPOIIEHHBIX JKCHITUH 110
pernonam PK npencrasneno B Tabnure 1.

Tabmuma 1 — AGCOMIOTHOE U OTHOCHTENIFHOE KOJIMYECTBO 00CIIeI0BaHHBIX JKEHIINH B pa3HBIX perrnoHax PK

T'opoxn npoxuBanns AOBCOITIOTHOE KOINIECTBO OTHOCHTEIIPHOE KOINIECTBO, %
Anmatsl 1198 10.3
IeMkeHT 2047 17.6
Acrana 332 2.9
AxTobe 592 5.1
VYerp-Kamenoropek 855 7.3
Cemeit 411 3.5
Tapa3 442 3.8
Kocranai 310 2.7
VYpansck 577 5.0
Kokmeray 640 5.5
[TaBnonap 357 3.1
Tanpapikopran 864 7.4
IlerponasiioBck 637 5.5
Kaparanna 836 7.2
Ke13p11-Opa 657 5.6
Akray 309 2.7
AtbIpay 585 5.0
Bcero 11649 100.0

Cpemauii Bo3pacT aHKETHPOBAHHBIX cocTaBmi 36,2+9,3 mer. Ha pucynke 1 oTpakeHO MPOICHTHOE
COOTHOIIICHHE BO3PACTHBIX TPYII aHKETUPOBAHHBIX JKCHIITIH.

Kak BuIHO, OOJBIIMHCTBO aHKETUPOBAHHBIX KEHINWH ObLTH 10 51 rofa, T.e. B BO3pacTe HauOOJIbIICH
CeKCyallbHOW aKTHBHOCTH.

AHanu3 OTBETOB Ha TEPBBIM BOMPOC O Hayaje IMOJOBOM KWU3HU Cpeld JKEHIIWH IoKa3al, 4YTO
OOJBIIMHCTBO JKCHIIMH HAYWHAIOT CEKCyallbHYHO XH3Hb B Bo3pacte oT 18 no 21 roma (pucyHok 2).
PesynpTaTel MpOBENEHHOTO aHAM3a IMOKA3alH, YTO KCHIUHBI 0OJiee CTapiero Bo3pacTa HauWHAIIA
MOJIOBYIO KHM3HH B 0OJiee TO3IHEM BO3pacTe MO CPAaBHEHWIO C MOJIOABIM MokojeHweM. Tak, 60%
JKEHIITMHBI MITafmie 22 JIeT Hadyald MOJOBYIO Xu3Hb B 17-19 nmer. JKeHIIUHBI, HaXOsAIIUECS B BO3pACTe
22-61 rojga, HauUMHAIW TIOJIOBYIO XM3Hb B OCHOBHOM B Bo3pacTe 17-22 ner. JKeHIIMHBI, KOTOPHIM B
HacTosIee Bpems OonbIre 61 roga, Hadand MOJIOBYIO KU3HB, B OCHOBHOM, mociie 20 JeT.
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Bo3pacTHble rpynnbl

Pucynok 1 — IIponieHTHOE COOTHOLIEHUE KEHIIUH Pa3HOI0 BO3pacTa
B IpyIIie 00CIeI0BaHHbIX
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Pucynok 2 — I'uctorpamma pacnpe/iefIeHust TpyTIisl 00C/Ie10BaHHBIX KEHIIHMH 10 BO3PacTy,
KOT/1a KEHILHBI HA4a/IU XUTh MOJOBOH )KU3HBIO

Haumenbimii cpefHmii BO3pacT Hadvaja IOJIOBOW JXKU3HU HAONIOJaeTCs B MIIAJIICH BO3PAacTHOU
TpyIIe U cocTaBiseT 17,5 ner, 3To 3HaUeHHE CTaTUCTUYECKU 3HAYMMO OTIMYAETCS OT 3HaUYEHUH BO3pacTa
HavaJja MoJIOBOM >KU3HHU BO BCEX JPYTUX BO3PACTHBIX TPyIIaX.

Haubonpmuii cpequuit Bo3pacT Havaja MoJI0BOM KM3HU HAOIIOAACTCS V JKEHITUH 42 JIeT U cTapiie,
9TU 3HAYCHUS CTATUCTHUYECKH 3HAYMMO OTJIMYAIOTCS OT CPEJHEro BO3pacTa Hauaja MOJOBOM KU3HHU Y
YKEHIIMH 32 JIeT ¥ MiTaaiie (PUCYHOK 3).

IIpu craTucTHYeCKOM aHaIM3€ OBLIM TAaKXKE BBIABICHBI Pa3IU4Ms CPETHETO BO3pacTa Hadaja IOJo-
BOI JKU3HU JKCHIIIMH B pa3pe3e pernoHoB Kazaxcrana (Tabnuna 2).

AHanu3 mokasal, 4To Hauboyiee paHHee Havallo IOJIOBOH JKM3HH OTMedalH >KeHIHHBI u3 CeBepo-
KazaxcraHnckoi 00acTH.
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AcpcpekT: F(5, 11602)=140.33, p=0.0000
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PI/ICyHOK 3-— BO3paCT Hauaja 1oJOBOU KU3HH B Pa3HbIX BO3PACTHBIX I'pyIIIax

Tabnuna 2 — CpeHue 3HaYCHHS U CTAHJAPTHOE OTKIOHEHHE BO3PACTa,
KOT'Ja JKCHILMHBI HaYaJIi MOJIOBYIO )KU3HB, B pa3pe3e pernoHoB Kazaxcrana

Mecto CpenHee 3HauCHUE CpenHee 3HaueHUE BO3pacTa CranpapTHOe Konnuecto
MPOXXHBAHUI BO3pAacTa )KCHIINH, JIET Havaja MOoJIOBOH JKH3HU OTKJIOHEHHE 00cIe0BaHHBIX
[IpmvMKeHT 34.1 20.6 3.10 2044
Anmarsl 329 19.6 2.81 1197
Acrana 43.0 20.0 2.92 332
Axrobe 35.7 19.6 3.38 570
VYerb-KameHnoropek 343 19.0 2.80 852
Cewmei 322 19.4 2.92 409
Tapas 36.7 21.1 3.24 441
Kocranaii 31.9 18.9 2.62 309
VYpanbsck 40.0 21.1 3.62 576
Koxmeray 32.7 19.0 2.11 640
[aBmomap 39.0 20.2 3.23 357
Tangpikopran 41.2 20.6 2.02 863
[lerpomnaBnoBck 40.7 17.5 2.55 636
Kaparanga 33.8 18.9 2.69 836
Ko3pu1-Opaa 41.9 19.9 2.39 652
AxTtay 36.3 19.2 2.47 309
ATbIpay 39.1 20.4 2.17 585
Ob1iee 3HaUeHNHE 36.3 19.8 2.95 11608
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IIpu otBere Ha BTOpOH BOmpoc 98,3% (11 094 xenmuH u3 11 286) oOCIeOBaHHBIX JKEHIIUH HE
MPEKPaTHIIA TIOJOBYIO U3Hb HA MOMEHT oOciemnoBanus. J{js aHamm3a 3THX MaHHBIX W3 0as3bl yAAWIH
OTBETHI, KOTOPhIC OBUTH MPHUHSITHl KaK HEKOPPEKTHBIC. AHAIM3 YacTOTHl OKOHYAHHUS IOJIOBOM >KU3HHU B
pa3HbIe BO3PACTHBIC MEPHOMABI TIOKA3all, YTO B OOJILIIIMHCTBE CIIyYacB KCHIUHBI 3aKAaHUYNUBAIH MOJIOBYIO
Ku3Hb B 46-50 et (pucyHok 4).

99.9% 100.0%  99.9%
100% - 96.2%

95% -
90% -
85% 83.5%
80% -
75% -
70% -
65% -
60% -
55% -
50% . . . . . .
<22 22-31 32-41 42-51 52-61 >61
Bospact

63.2%

Pucynox 4 — IIpomeHT >KeHIIHH, )KUBYIIUX ITOJIO0BOH KNU3HBIO B Pa3HBIX BO3PACTHBIX TPYyIIIax

AHanmi3 OTBETOB Ha TpeTHil Bompoc: Kak peryispHo Bbl 3aHHMaeTech ceKcoMm? MoKasaj, 4To 0oib-
IIMHCTBO >XeHUIMH (62,6%) peryispHO 3aHUMaeTcsi cekcoM, 35,9% oTetnnu, 4to HeperyssipHo, 1,5%
KEHIIMH HEe OTBETWIM Ha 3TOT BOIpPOC. PeryiapHOCTh 10JI0BOM JKU3HU OblIa TakKe MPOaHATU3UPOBAHA B
Pa3HBIX BO3PACTHBIX IPYyMMax (PUCYHOK 5).
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PI/ICyHOK 5- HpOL[eHT JKCHIUH, PETYJSIPHO 3aHUMAKOIIMUXCSA CEKCOM B Pa3HbIX BO3PACTHLIX I'pyIIIax

AHanM3 MoKa3ai, YTo TPOIEHT JKEHIIWH C PEryJspHON CEKCYadbHOW JKHU3HBIO C BO3PACTOM CyIIe-
CTBEHHO CHIDKAJICS.

IIpu 006paboTKe OTBETOB Ha YeTBEPTHIN Bonpoc: Kak yacto Bbl 3aHMMaeTech cekcoM, 50,5% xeHIIMH
OTBETHJIM, YTO UMCIOT CEKCYalbHBIC KOHTAKThI pa3 B MECAI M OT Cllydas K ciaydaro. [IpOIeHT >KEeHIIIVH,
KOTOpBIE €XEIHEBHO 3aHMMAIOTCA ceKkcoM, cocTaBmi 17,9 %. B tabmmue 3 mpeactaBieHBl OCHOBHBIC
OTBETHI Ha BOIIPOC.
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Tabnuma 3 — AGCONIOTHOE U OTHOCUTENIFHOE KOJIWYECTBO JKEHILUH C Pa3HOI YacTOTON 3aHUMAIOIIUXCS] CEKCOM

HacroTa 3aHATHSI CEKCOM Abc. %
EsxenneBHO 2060 17.9
Pa3 B 3-4 nusa 4195 10.0
Pa3 B Henenro 2344 18.7
Pa3 B mecsrg 1474 32.1
[To-pazHoMy, OT ciaydas K CIydaro 2295 18.4
He orBetusmne 242 2.9
Bceero 12610 100.0

Hucnepcuonnsiii ananuz ANOVA BBISIBUI CTaTUCTUYECKU 3HAUUMYIO B3aUMOCBSA3b YaCTOTHI 3aHsI-
THS CEKCOM C BO3pacToM omporreHHbIX xeHIwH (p=0.0000). /1 Toro 4ToOBI BEISICHUTE OoJiee moapoOHO
KaKas 4aCTOoTa 3aHITHSA CEKCOM OoJiee MPUCYIIa TOMY HIIM HTHOMY BO3PacTy, ONMPEIeNMIA YaCTOThl Pa3HbIX
OTBETOB B KaXKJI0M BO3pacTHOU rpymIle.

IIpoBeaeHHBIN aHATH3 TTO3BOJIMI CACNIATH CIEIYIONIUE BHIBOIBI:
€XeHEBHO 3aHUMAIOTCS CEKCOM B OCHOBHOM KCHIIIMHBI 32 JIET U MIIaJIIIe
pa3 B 3-4 qHs 3aHUMAIOTCSI CEKCOM B OCHOBHOM EHIIUHBI 23-42 5ieT
pa3 B HEJEIIO 3aHUMAIOTCA CEKCOM B OCHOBHOM JKEHILUHBI 33-62 neT
pa3 B MecsIl 3aHIMAIOTCSl CEKCOM B OCHOBHOM >KEHIIIMHEI cTapiie 72 JIeT

e OT ciyyas K CITy4aro 3aHMMAIOTCSl CEKCOM JKEHIIMHBI B Pa3HOM BO3pacTe, HO B OCHOBHOM CTapiIIle
43 ner.

OcHoBHasi 4yacTh KeHIWH, 61,3 %, YyBCTBYIOT BO30YyKIeHHE BO BpeMms cekca. Tompko 13,7%
JKEHIIUH PENKO WJIM HHUKOT/Ia HEe YYBCTBOBAIM CEKCYaJIbHOTO BO30YXkICHUS. JlMCIIEpCHOHHBIN aHAIN3
ANOVA BBISBII CTaTUCTHYECKH 3HAYMMYIO B3aUMOCBSA3b YaCTOTHI BO30YKIEHHUS BO BpeMs CEKCa C
BO3pacToM orpoiieHHbIX xeHmuH (p=0.0000).

B Ttabmune 4 mpenctaBieHbl Pe3yibTAaThl paclpeiciicHHs OTBETOB HAa BOIPOC O CEKCyallbHOM
YAOBJIETBOPEHHOCTH OTIPOIIECHHBIX KEHIIWH.

Tabmuia 4 — AGCOJIFOTHOE U OTHOCHUTEJIBHOE KOJIMYECTBO YKCHITHH
C Pa3HOM YaCTOTOW JOCTHUTAIOLIMX Opra3Ma BO BpeMs ceKca

YacToTa moxydeHus opra3mMa BO BpeMsi CeKca Abe %
Bceerma 3058 243
OO0bI9HO 4049 32.1
Hnorna 3251 25.8
Penko 1584 12.6
Huxorna 438 35
He orBetuBmne 230 1.8
Bcero 12610 100.0

BonpmmacTBO )eHmuH (56,4%) Beerna uiam 0OBIYHO JOCTHTAIOIIMX Opra3Ma OT ITOJIOBOH OJIHU30CTH.
OpHako NpU aHaNW3€ YacTOTHI YAOBIETBOPEHHOCTH JKEHIIWH OT CEKCa, MPOLEHT OTBETOB: BCErla WM
00BIYHO OBIIT HECKOIBKO HUKE (pUCYHOK 6). OHAKO 3TO pa3HUIlA He ObLTA JOCTOBEPHOM.

YacToThl BceX BAPHAHTOB OTBETOB 00 MHUIIMATOPE 3aHITUS CEKCOM, «OAMHAKOBO U OT MEHS M OT
naptHepa», «OT mapTtHepay, «OT MeHs», CTATUCTHYECKH 3HAYUMO OTIMYAIOTCS HA YPOBHE 3HAYUMOCTH
p<0.05. ITpu sToM Hambosee yacto BcTpeyancs oTBeT «OAMHAKOBO M OT MEHS M OT mapTHepa» - 56,1%,

32,4% xenmuH otBeTiM «OT MapTHEpa» M HaMMEHEee YacTO KEHIIWHBI BEIOMpann oTBeT «OT MEHM» -
11,4%.
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Pucynok 6 — [IpoLieHTHOE COOTHOIICHUE JKEHIIMH,
C pa3HOH 4acTOTOM NOJIy4aBIINX yJOBIETBOPEHUE OT CEKCa

Ha ximogeBoit Bonpoc Hamiero uccnenoBanus: «Ects mu y Bamrero naptHepa nmpoOieMsl ¢ SpeKIuei,
KOTOpBIE HETaTHMBHO BJIMSIOT Ha Bamry cexcyanpHy0 akTHBHOCTH?» - OCHOBHOE KOJMYECTBO KEHIIIHH
otBeTH (44,3%), 4TO Yy UX MapTHEPOB HUKOTJA HE OBLIO MPOOIEM ¢ IPEKIHel, KOTOPhIE HETaTUBHO
BIIMSUIM HA UX CEKCYalbHYI0 akTUBHOCTh. OTBeThl «MHOTHa» U «Penko» BCTpEeYauch COOTBETCTBEHHO Y
21,0% u 23,2% . CambIiMu penkuMu ObUTH OTBETHI «O0BIaHOY, 8,5%, 1 «Bcermay, 2,9%. JlucnepcruoHHbII
aHaJIM3 K TOMY JK€ HE MOKa3aJl CTATUCTUYCCKU JOCTOBEPHOW 3aBUCHMOCTH IOJIOKUTEIIBHBIX OTBETOB OT
BO3pacTa JKEHIMH. Hamu, opHako, Oblla MpOaHAIM3MPOBAHA YacTOTa OTBETOB: OOBIYHO B paspese
BO3PACTHBIX TPYII (PUCYHOK 7).
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PI/ICyHOK 7- HpOHeHTHOG COOTHOLICHUE JKCHIIUH B Pa3HBIX BO3PACTHBIX I'pyIIIax,
Y KOTOPBIX 00BLIYHO OBIBAIOT HpO6HeMLI Yy nmapTHepa € 3peKHHeﬁ, KOTOPBIC HETAaTUBHO BJIUSAIOT HAa CCKCYAJIbHYH0 aKTUBHOCTDH

Taxum 06pa3zom, IpobIieMBbl ¢ PEeKIHel NPUCYTCTBYIOT BO BCEX BO3PACTHBIX I'PYIIIAx, HO C yBEJIH-
YeHHEM BO3PacTa MPOLEHT YBEITNUHNBAETCS.

OCHOBHOE KOJTMUYECTBO >KEHIIWH oTBeTWH (47,1%), 4T0 Yy UX MapTHEPOB HUKOT/AA He ObII0 mpobiaeM
C IPEXXICBPEMEHHON ISKYJISIIHUEH, KOTOPBIE HETATUBHO BTN HAa UX CEKCYyalIbHYIO aKTHBHOCTh. OTBETHI
«uorma» u «Pemko» BcTpedanmrch cooTBeTcTBEHHO Yy 18,5% u 23,3% . CaMbIMH peKUMH OBUTH OTBETHI
«O0bI4HOY, 7,7%, 1 «Bcermay, 3,5%.

OnmHUM U3 BaXXHBIX ACTMEKTOB CEKCYaJbHOM KM3HU SIBIISICTCA M MPUYMHA BO3JEPIKaHUS OT MOJOBOTO
KOHTaKTa, KOTopas ObUla HaMM IPOAHAIM3MPOBaHA OTBETAaMM Ha OJMHHAALATHIM Bompoc. Pe3ynbrarh
aHaJIM3a yKa3aHbl B Tabmuie 5.

Myxckoit Qakrop (Oeccunue mapTHepa M OTCYTCTBHE JKEJaHUSl y MmapTHepa) cocTaBui §,6%.
Hawubonee 4acTo NpUUMHON OTCYTCTBUS CEKCYaTIbHOM KU3HU Y KEHIIMH SBJISUIACh OTCYTCTBUE MapTHEpPA.
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Tabnuua 5 — OCHOBHBIE IPHYMHBI, IO KOTOPBIM y )KEHIIUH OTCYTCTBYET MOJIOBAsT XKHU3Hb

[IprurHa OTCYTCTBUS MTOJIOBOM )KUZHU Abc. %
Her takoit mpoGiembl 6757 58.0%
XpoHuyeckue 3a00IeBaHUs 543 4.7%
OTcyTCTBHE KETaHUs 839 7.2%
OTcyTcTBHE NapTHEPA 990 8.5%
Beccunue naptaepa 494 4.2%
Jpyras npuunHa 911 7.8%
CrpeccoBas cuTyalus aomMa 600 5.2%
OTcyTcTBHE XKeNaHus y napTHepa 515 4.4%
Bcero 11649 100.0%

OtBeuass Ha TociemHUN Bompoc, 83,5% ONMPOIIEHHBIX XCHIIMH OTBETHIH, YTO WM JTOCTATOYHO
OJIHOTO CEKCYaJbHOTO TIapTHEPA IS MOJTHOIIEHHOW CEKCyalbHOM Xu3HU. 16,5% OTBETUIIN OTPHUIIATENBHO.
IIpumeuaTensHO, YTO CpPEeTHHUM BO3pacT >KEHIIMH, KOTOPHIE MO-pa3HOMY OTBETHJIM Ha JaHHBIH BOIpOC,
MPaKTUYECKU He oTiuyaicsa — 36,3+9,26 et cpeau KeHIINH, OTBETUBIINX «Aa» U 36,2+9.61 y KeHIIuH,
OTBETHBIINX «HET.

BuiBoabl. TakuM 00pa3oMm, NpOBENEHHBIM aHAN3 CEKCYaJdbHOM JKW3HU JKEHIIWH MOKa3aj, YTo
OONBIIMHCTBO >KEeHIIUH (62,6%) peryispHO 3aHMMaiOTCs cekcoM. OIHAKO 4acToTa 3aHATHH CEKCOM Y
Oonee uem 50% >XEHIIMH OrpaHUYMBAETCSI BCETO OJHMM Pa3OM B MECSI] WM OT CiIydas K CiIydaro. A
MPOLIEHT JKEHILUH, PEryJIsIpHO 3aHMMAIOUINXCsA ceKcoM (pa3 B 3-4 OHS WM pa3 B HEJEINI0), COCTaBHII
Bcero 28,7%. Bo3aMoxkHO, 4TO 4acToTa CEKCyalbHOrO KOHTaKTa ¢ MapTHEPOM pa3 B MECAL PACLCHUBACTCS
KEHIIMHAMM Kak peryisipHas. Ilo Hamemy MHeHHIo, 3TO TpeOyeT Oojee INyOOKOro aHaiu3a IPUYHH
CHIKEHHOM CEKCYaJIbHOM aKTUBHOCTH.

BONBIIMHCTBO KEHIIUH MOJIy4aeT Opra3M M YJIOBJIETBOPEHHE OT CEKCYaJIbHOTO KOHTAaKTa C MapT-
HepoM. Takke HauOONBIINI MPOLEHT XeHIUH (56.1%) oTMedaeT 00O IHYI0 HHUITUATHBY JJIS 3aHITHN
CEKCOM.

44,3% >KeHIIMH HUKOTAa He OTMEYalli y mapTHepa MpoOiieM ¢ speKiuei, Toraa kak 11,4% ormernnu
MOCTOSIHHBIE MPoOJeMbl ¢ 3pekuueil y maptaepa. Takxe 44,2% >KCHIIMH OTMETWIH, YTO YK€ CTAJIKH-
Bayuch ¢ DJ1 y maptHepa. [IpudeM mpOIEHT BCTPEYaEMOCTH MIPOOJIEeM C DPEKITell y mapTHepa HaOIro-
JTaeTcs U B MOJIOJBIX BO3PAcTHHIX rpymmax (6,2% B rpymnme a0 22 fneT) W 3HAYUTENbHO MPOLEHT YBEIH-
yuBaeTcs B Oosiee Bo3pacTHeIX rpymnnax (10,9% B rpynmne Bo3pacta 41-51 net u 24,6% y nun crapiie
61 roma). [loctossHHAS TIpeXaeBpeMEHHAas dAKYJIIAINS ¥ mapTHepa Obuta otmedeHa 11,2% sxeHmuH.

AHanu3upysi MPUYUHBI, 10 KOTOPBIM >KEHIIMHBI OTKAa3bIBAIOTCS OT CEKCYaJbHOM >XU3HHU, OBLIO
BBISBIICHO, YTO Ha JONI0 MyXCKoro (akropa(beccuine mapTHepa M OTCYTCTBHE JKEJIaHHUS y MapTHepa)
npuxoaunnocsk 8,6%. Haubonee wacto (8,5%) mpuumMHOl OTCYTCTBHSI CEKCYanbHOW >XKH3HHM Y KCHIIMH
SBIISTIACh OTCYTCTBHE MapTHEPA.

Taxum oOpaszom, u3ydeHnue npodsemsl JJ1 y MyKUuH IOHKHO B 00sI3aTEIHHOM MOPSAKE BKIIOYATH B
ce0s1 U u3ydeHue keHcKoro ¢axTopa. Benp 3auyacTyio, MyX4uHa, HE Kejlasi IPU3HABATLCS B Mpoldiieme,
OTCTPAHSETCs OT >KEHIUHBI, CO3HATEIbHO N30€raeT MoJIOBOI OJIM30CTH, WM K€ He oOpaliacT BHUMaHUA
Ha MPOOJIEMBI C IPEKIUEH. ITO MOXKET OOCPHYTHCA CEKCYyallbHON HEYHAOBIETBOPEHHOCTHIO JKCHIUHBI U
CHIDKEHHUS KauecTBa COBMECTHOM kM3HM mapTHepoB. K Tomy ke, D/ 3auacTyro sBiseTcs MapKepoM
Ba)XKHBIX CEPAEYHO-COCYAUCTHIX HAapyLIEHWH, 4TO TpeOyeT paHHEH AMAarHOCTUKU A 3(PQPEKTUBHOTO
JICUYEHUSI.

[podunaktuka D/ gomkHa 00s3aTeNFHO BKIIOYATh B ce0s MHPOPMUPOBaHME KaK MY>KYMH, TaK H
JKEHIIMH O CUMITOMax 3abonieBaHus. [|BOMHON KOHTPOJb MO3BOJHUT HAa PaHHUX CTAAUAX OOPAaTHTHCS K
CHELUAINCTY M COXPAaHUTh BBICOKOE KAaueCTBO CEKCyalbHOH >XM3HM W TapMOHHMU OT COBMECTHOI'O
MIPOKUBAHMS TAPTHEPOB.
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IPEKTUJILJIK JUCOYHKLUS:
MPOBJIEMAJIAPFA OMEJJIEP KO3IMEH KAPAY

AHHoTauus. ¥CHIHBUIFAH MaKaiaja dienjepre cayan KO HETi3iHAe ep aJfaMAapAblH CEeKCYalIbIK (pyHKITHS-
CBIHBIH OY3bLIyJIapbIH aHBIKTAY OOMBIHIIIA 3ePTTEYJIePIiH HOTHKENEPl OepilireH.

FoutbiMu 3eprTeyliep 3peKTWIbAIK AUCOYHKIMS MPOOJIeMacklH ep ajamaap Jia dHeljiep /e >KachIpblll Kaja-
TBIHBIH KepcerTi. [lopirepre kaliTa OpHBIHAH KEJIMEHTIH ©3repiCTeplieH KeWiH FaHa Kelie/li, all yaKbIThIHIa KOMEK
KOpCeTy CepiKTecTep eMipiH aiTapibIKTal xakcaprap efi.

Bi3 olfenaepre cayanmap KO YIIH cayaTHaMa JaHBIHAAIBIK: ©31CpiHIH CEKCYAIIBIK OMIpiH Kajlail Oaramai /bl
JKOHE OJIAPIIBIH OMIp CanachblHa JKBIHBICTBIK CEPIKTECiHIH CEKCYaJbIK JCHCAYIBIFBl KaJlail ocep eTeni. 12 MbIHHAH
aca oHienjepre cayainap KOMbUIIBI skoHe 11 MBIHHAH aca cayajgHaMara Talaay JKacallbl.

Hormxkenep oftennepiH KeNIILTIriHIH ceKCyalabl eMipiHe KaHaFaTTaHATBIHBIH KOPCETTi, anaiaa 44,2% KybIFbI
Oip per Te Gorca, FIPEKTIIIBIIK TUCHYHKIMS calliapblHa TaIl OOJFaH. DPEKTWIBIIK TUCYHKIUS JKac TONTHIH CepPiK-
TecTepinae ae — 6% OaiKanaabl XKoHE )KaChIHA COUKEC YIIFask TYCKEH.

OJ1 anaplH any MIHAETTI TypZAe ep aaamibl Aa dheni Ae aypy Oenriniepi Typajbl aknaparTaHablpyIaH TypyFa
tuic. Koc 0akpliay aypy/bIH epTe CaThIChIHA MAMaHFa KOPIHYT'e XKOHE CEKCYaIIbIK OMIPiH )KOFapbl CallaChIH KOHE
cepikTecTepiH Oipiecin Typy YHIECIMIUIINIH cakTayFa MyMKIHIIK Oepeti.

Tyiiin ce3mep: cexcyannblk AUCHYHKIMS, SPEKTHIIBAIK AUCHYHKIHMS, €p aaam.
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EFFICIENCY OF TREATMENT
INHIBITOR FORMS OF HEMOPHILIA IN CHILDREN

Abstract. Inhibitors appear in about 30% of children with severe hemophilia A, regularly using concentrates of
antihemophilic globulin. The most common inhibitory form of hemophilia is found in children under 5 years. Treat-
ment of bleeding in these patients often becomes expensive, complex, and in some cases completely ineffective.
Induction of immune tolerance high effective method of elimination of inhibitors. With an efficiency of 80% or hig-
her save health care costs in the long term, even taking into account the cases of unsuccessful therapy. In the article
are given Results of treatment of inhibitory forms of hemophilia in children who received treatment for the first time
on the protocol of induction of immune tolerance on the basis of the Scientific Center of Pediatrics and Pediatric
Surgery from 2012 to 2016 years. In our study, the use of the protocol for the induction of immune tolerance with a
view to reduction or elimination of the inhibitor to FVIII was effective in 83% of patients with an inhibitory form
hemophilia.

Key words: hamophilia, inhibitor, globulin, immune tolerance, elimination.

P. 3. bopan6aesa, I'. K. AdonuioBa, H. A. AcnambexkoBa

Hayunsrnii neatp neguatpuu u gerckoit xupyprun M3 PK, Anmarsl, Kazaxcran

IPPEKTUBHOCTD JIEHEHUA
HUHI'MBUTOPHbBIX ®OPM I'EMO®UWJINN Y JETEN

AnHoTanus. MHrHOUTOPEI MOSBISAIOTCS puMepHo y 30% neTeid ¢ TSHKeNoi reModiuei A, peryisipHO MpH-
MEHSIIOIIMX KOHIEHTpPaThl aHTHreModwibHOro miodynmuHa. HanmGonee wacto mHruOuropHas dopma reModuInu
oOHapyxuBaeTcst y jaereid 1o 5 ner. JleueHne KpOBOTEUEHHH Yy TaKMX MALMEHTOB YacTO CTAHOBHUTCS JIOPOTHUM,
CIIOKHBIM, a B PAJIE CITy4aeB COBEPIICHHO HeAI(P(PeKTHBHBIM. VHIYKINS MMMYHHOH TOJIEPAHTHOCTH BBHICOKO 3(dek-
TUBHBI METOJ MUMHHAnuu uHrnoutopos. Ilpu s¢p¢dexrnBHOCTH 80 % W BBINIE KOHOMHT 3aTparhl Ha 37paBo-
OXpaHEHHE B JOJITOCPOYHON MEPCIIEKTHBE Nake C YUYEeTOM CIydacB HEYCHEITHOW Tepamuu. B crarbe IpuBeAeHBI
pE3yNbTaThl JICYCHU HHIHOUTOPHBIX (hopM reModuinny AeTeil, KOTOphIe BIEPBBIC MOIYYHIIHN JICYEHHE TI0 MIPOTO-
KOJIy MHIYKIIMM NMMYHHOH ToJepaHTHOCTH Ha 6a3e HayduHoro meHTpa memuarpuu U aetckoit xupyprau ¢ 2012 mo
2016 rr. B Hamem ncciienoBaHUN IPUMEHEHHE TTPOTOKOIA MHIYKIIH UMMYHHON TOJIEPAHTHOCTH C IENBI0 CHIDKCHUS
win snuMmuHanuu uHruburopa k FVII Gbuto sddexruBubiM y 83% mnanueHToB ¢ MHTHOMTOPHOI (hopMoii remo-
umn.

KoaroueBrble ciioBa: reMouivs, FHTHOUTOD, IIO0YJINH, IMMYHHAsl TOJIEPAHTHOCTh, SIMMHUHAIIHSL.

OCHOBHBIM IPUHITUIIOM JICYCHHUS MAIIUEHTOB C TeMO(UINEH Ha MPOTSKESHUN TTOCIETHNX HECKOIBKIX
NECATHIICTAN OCTAeTCsl 3aMECTHTENIbHAs Tepamus KOHIICHTpaTaMu (akTopa cBepThBaHUS KpoBu VIII
(FVIII) u daxropa ceepreiBanus kpoBu [X (FIX). [TocTostHHOE COBEPIIICHCTBOBAHNME KaueCTBA BBOJAUMBIX
JIEKapCTBEHHBIX CPENICTB, HCIIONB30BAHHE PEKOMOWHAHTHBIX WM BBICOKOOYHIIEHHBIX IPEMaparos,
MONyYeHHBIX W3 TUTa3Mbl, IMMO3BOJMIO CHH3UTH YTPO3y Pa3BUTHSA HH(EKIMOHHBIX W aJUIEPTUIECKHX
OCJIOKHEHHUM TPOBOIUMON Tepamuu 10 MuHHMyMa. OIHAKO, HECMOTpPS Ha JOCTHTHYTHIE YCIIEXU B
JICUSHUH JTAHHOTO 3a00JICBaHUs, COXPAHICTCS, a B MTOCIICAHEE BPEMS U BO3PACTACT, BEPOSTHOCTh Pa3BUTHS
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TaKOTO CEPHhE3HOTO OCIOXKHEHUS 3aMECTUTEIIbHOW Tepalriy, KaK TOSBICHHE MHTHOMTOPOB K (aKTopam
CBepTHIBaHUS KpOBH [1-4].

BripaboTka Onokupyrommx aHTHTEN K npemnaparam ¢akropa VIII — ogHa u3 Hanbosee cephe3HbIX
npobieM B Tepanuu reMopuiany. Pa3BuTHe HWHTHOWTOpa NPHUBOAWT K HEAOCTaTOYHOH 3((EKTHBHOCTH
3aMECTUTEIBHOW TEepamnuu, Pe3K0 YXYIAIIAeT KA4eCTBO >KU3HU U 3HAYUTENBHO MOBBIIIAET CTOUMOCTH
JIedeHNs] TAIMeHToB ¢ reModunmeir. ManouncinenHoctp manueHToB ¢ uHTHOHTOpaMu (0,9%-33%) m
HEIOCTaTOYHO CBOEBPEMEHHAsl AMArHOCTHKA MHTHONTOPOB MPHUBOIAT K YACTHIM OIIMOKaM B JICUCHUH 3TOH
rpymIbl OOMBHBIX [4].

CBoeBpeMeHHAs BEpUPHUKAINAS HATHINSA HHTHOUTOPOB Y TAITMEHTOB ¢ TeMOGMINEH, KaK MpaBUiIo, He
MIPEICTaBIIsIET 0COOBIX 3aTPyTHEHHH, OJHAKO SIBIISCTCSA OMHON M3 HepelleHHBIX mpobieM B PK BermeacTeue
HEIOCTaTOYHOH OCHAIICHHOCTH TE€MOCTa3MOJOTMYEeCKHX JabopaTopuii W OTCYTCTBUS CIICLUATH3UPO-
BaHHOW TOATOTOBKH KaJIpOB MO KOJMYECTBEHHOMY OIpeNeieHHI0 (HaKTOPOB CBEPTHIBAHHS KpPOBH H
MHTHOUTOPOB, a TaKXKe, YTO HauOoJiee BaXKHO, 00YCIIOBICHO OTCYTCTBHEM COBPEMEHHON WH(pOPMAIIMOH-
HOU MOAJIEPKKH Bpauei o mpobieMe HHrHONTOpHON reModuinu. B pesyasrare oTCyTCTBHE MPAaBUIBHOTO
JTMarHO3a BJIEYET 32 COOOU MPOBEJCHNE HEeaJeKBATHOTO JIEYEHHUS, YTO MOXKET MTPUBECTH K MHBAIHIN3AIIH
Y paHHEW CMEPTHOCTH 3TOU KaTeropuH OONBHBIX [5].

OnBIT COBPEMEHHOTO JICYCHHUSI MAIMEHTOB ¢ MHrHOWTOpHOW (opmoii remodumun B PK HeBenuk,
MO3TOMY OCOOEHHO aKTyaJbHBIM TMPEICTABISACTCS pPa3padOTKa CTaHJAPTOB IHUATHOCTHKH W JICYCHUS
IaHHOM GopMmel 3aboeBanms(6).

AKTHBHOCTh MHTHOHWTOpA ONpeAeNAeTCs MyTeM THUTPOBAHMA IJIa3Mbl MAllUEHTa Pa3IUYHBIMH METO-
nmamu. Hambonee pacnpoctpanen meron beresma. Onna emunuia beresna (BE) 6mokupyer 50% akTuB-
Hoctu FVIIIB HopmanbHOW mnazme. UHruOuTOp KiaccCUpUIMpyeTcs B 3aBUCUMOCTH OT THTpa. THUTP
MHTHOUTOpPA, KOTOPBIM HUKOrAa He mpeebiman 5 BE, cuuraercs Hu3kuMm (Hu3kopearupytoium). Ecnu
MUMEIOTCSl aHAMHECTHUYECKUE JaHHBIE O TOM, YTO THTP MHIHOUTOpa mpeBbicuia 5 BE, He3aBUCHMO OT TOTO,
Kakoi THUTp Y MaIlieHTa Ha MOMEHT OOpallleHHs, WHTHOWTOp TPU3HAETCS BBICOKHM (BBICOKOpEa-
TUPYIOIIHM).

B Tedenune mocnegnux S-tu jeT B PK kapauHamsHO W3MEHWIIHCH TOAXOABI K TEpPamuu OOTBHBIX
remopwimeil ¢ Hanmauem UHruOuTOopoB. C 2012 roma Omaromapss ypOBHIO DKOHOMHUYECKOTO pPa3BUTHSA
CTpaHBl CTajl0 BO3MOXXHBIM HCITOJIB30BaTh MPOTPaMMy «HHAYKIMH UMMYHHOH TonepantHocTH» (MUT)
JUISL JICYCHUS] WHTUOUTOPHOH (QopMbl reModuiunu y aereil. Bo3aMOXHOCTh MpoBeAeHUs] BBICOKOJO3HOM
Tepanyy MO3BOJISIET HTUMHHUPOBATH HHTUOUTOPHI M JOCTUTHYTh UMMYHOJIOTHYECKOM TOIEPaHTHOCTH.

B Hacrosiiee Bpemsi CyIecTByeT HECKOJIbKO BapHaHTOB Tepamuu. HawmOombliee pacrpocTpaHeHHE
nosryuari e cxeMbl MU T: B Hm3kux mo3ax (50—100 ME/kr Tpu pa3a B HeZenio) U BRICOKHX jo03ax (100—
150 ME/kr nBa pa3za B aeHb). MIMeromuecs: JanHbIe 00 OTHOCUTENBHON 3PEKTUBHOCTH ATHX CXEM BECH-
Ma MPOTHBOPEYHBEI. DTO CBS3aHO C TEM, YTO B UCCIENIOBAHMSIX MPUMEHSUINCH pa3Hble KpuTepuu 3ddek-
TUBHOCTH, aHAIU3WPyEeMbIe TPYIIBI He ObLIN SKBHUBAJICHTHBHIMH U HICTIONIb30Baach pa3Has COIPOBOIH-
TenpHas Tepanus. KpoMe Toro, mpu aHanm3e pe3yJabTaToB HEOOXOJMMO YUUTHIBATE (PAKTOPHI, BIHSIOLIHE
Ha 3¢ ¢pextnBHOCT WUNT.CeromHss MOXXKHO BBIACIHTH HECKOJIBKO OJMaronmpUSTHBIX W HEOIArompusTHBIX
MPOTHOCTHYECKUX (akropoB MUT.

C ydeTroM 3THUX (aKTOpOB MO pe3ynbTaraM HEMEIKUX HccienoBaHuil [7, 8] y mauueHToB ¢ 6iaro-
NPUATHBIMHA [IPOTHOCTUYECKUMH (PaKTOpaMH Tepamnus, KaKk B BBICOKHX, TaK M B HU3KHX J103aX HMPUBOAMUT
K YCTIEXy C paBHOW dacToTOH. BMecre ¢ Tem JedeHHWe B HU3KHX J03aX Oojee IJINTEeIhbHOE W 4acTo-
Ta TEMOPPAruvecKNX SIH30/I0B 3HAYUTEIHHO BBIIIE. Y MAlMEHTOB C HEOJIArONPHATHBIMH IPOTHOCTH-
YeCcKUMH (PaKTOpaMy MPEUMYIECTBO UMEET Teparus B BRICOKUX J03ax[5, 9].

Buepsrie B PK Ha 0aze Hayunoro neHTpa meauarpun u jaetckoil xupypruu B 2012 rogy ObuT mpu-
MeHeH npotokon MNUT y peberka ¢ mATHONTOpHOM hopmoii remodrmmn A.

Hean ucciaenoBanusi. OueHka 3pPeKTUBHOCTH HHAYKIUH WMMYHHOH TOJICPAHTHOCTH Y MAIlIEHTOB
C MHTHOUTOPHOH QopMoii remodunnu A.

Marepuajbl u MeToabl ucciaenoBanus. B PK u3 356 nereii ¢ nuaraozom reMowins, A0Js WHTH-
outopHbIXx ¢GopMm coctaBuna 8% (29). B namem unccnenoBanuu ¢ 2012 mo 2016 rr. 6 neteit ¢ HHTUOU-
TOpHOH popMoli reMOMIMHA TOTY UMM JieueHHe 1o npotokony UAT.

Tepanusa u ganpHEHIINHA KOHTPONB IO ATOH IporpaMMme IMpoBomwics Ha 0ase Haywnoro mentpa
NEAUAaTPUU U IETCKON XUPYPIUH.
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Hdns mpoenenus mnpotokona WMUWT wucmonp3oBanuch MOTy4YEHHBIC W3 YENOBEUYECKOH ILIa3MBI
kxoHreHTpatel FVIIIu dakropa Bunedpanga (VWF): Octanate (OxradapmaNordicABSweden) B cooTeT-
ctBue ¢ bonnckum npotokosiom (150-300 ME/kr exenHeBHO B 2 BBEIICHUS, [UTUTEIBHOCTh OT HECKOJIBKHX
MeCSIeB A0 3-X JieT).

OCHOBHBIMH YCJIOBUSIMH A7 BeIoJIHEHUs rpoTokosia UNT Obutn: HU3KUM ypOoBEHb HHIHOMTOPOB K
FVIil(menee 200 BE), uatepran Mexmy oOHapyx)eHrueM HHTHONTOpa 1 HayamoMm MUT He Oonee 2-X neT u
JIOCTAaTOYHOE KOJIMYECTBO IIa3MEeHHOro npenapara FVIIL

Hozuposku FVIII cocraBunm mpu tutpe narudutopa 6onee S ME - 150 ME/kr kaxnapie 12 yacos,
[ocje 3MMMHUHALUN MHIMOUTOpA IOCTENIEHHOE CHMKCHUE IO KOHTPOJEM TeCTa BOCCTAaHOBICHHS U
nepuoja nonyseiBeneHus. [Ipu Tutpe nnrudutopa He 6osiee 5 ME - 100 ME/kr 1 pa3 B 2 aHsl.

U3 6 manuentoB y 4 (67%) ypoBeHb mHruOuTOpa Ha Haydano tepanuu WUT Obur Beime 5 be, y
2 (33%) — menee 5 be, y ogHOTO OOHapy)XeHa HOHCeHC — MyTarms. CpenHuil BO3pacT MAIMeHTOB Ha
Hayauo MpOTOKOJIa COCTaBMI — 6 MecsAleB. B mccrnegoBanum no3a mpenapara y 4 OOJBHBIX COCTaBMIIA
300 ME/kr/cyt, y 2 narmenToB - 150 ME/kr/cyt u 1 - 100 ME/kr/cyT.

s naGoparopHoil oueHKH 3G (GEKTHBHOCTH W KOHTPOJIS TEParuy BBIIOIHSIN CIEAYIOIINE TECTHI.
Omnpenensany akTUBHOCTh MHIHOMTOpa HeMoaupuuupoBaHHbBIM TecToM berezmga. Tect BoccraHoBieHHs
aktuBHOoCcTH FVIlIpaccunthiBanu 1o ¢opmyne: BOCCTaHOBIEHHE = (aKTUBHOCTH nocie BBereHus (%) -
aKkTUBHOCTh 110 BBenmeHHs (%)) X macca Tema (kr) / mo3a BBemeHHoro mperapara (ME). Ilpu stom
HOpPMaJbHBIM CYMTAJIOCh 3HadeHue Tecra He MeHee 1,5. Ilepuon momyBbIBeAEHHUs OLICHHUBAIH
1o (apMaKOKHHETHUECKON KpuBoi. HopManbHBIM cuuTAIICS TIEPHOI TTONTyBBIBEICHHS HE MEHEE 7 4acoB.

O heKkTUBHOCTH Tepanuyu OLEHUBANIH I10 CIEAYIOUIMM KPUTEPUSIM:

Honnwnii yenex (I1Y): tutp maruburopa < 0,6 BE Ha mpoTsbkeHun Oonee yem 2-X MecsieB (He
MeHee, YeM B 2-X MOCJel0oBaTeNbHBIX HCCIEAOBAaHUAX); HOpMaNMU3alusa Tecta BoccraHoBieHus (1,5 u
Oomee) Ha MPOTsDKEHMH Oojee, 4eM 2-X MeCALEB; HOpMaiM3alusl Nepuoja IOJyBbIBeACHUs (Oojee
7 4acoB).

Yactuanserit yerex (UY): npucyrctByer 2 U3 3-X KPUTCPHUEB.

Yactuysstit oteeT (HO): mpucytcrByeT 1 U3 3-X KpUTEpPHEB.

OtcyrcTBue otBeTa (OO): HET HM OTHOTO U3 KPUTEPUEB Ha MPOTsHKeHUH 12 Mecsies u oee.

Jis knuHugeckol oueHKH 3¢ (GEKTUBHOCTH PErHCTPUPOBANIN: YAaCTOTy KPOBOTE€UEHHH, IPUMEHEHHE
npenaparoB UIYHTHPYIOIIEro aeucTBus. [IpoduiakTMKy W OCTaHOBKY KpPOBOTCUCHHH IPOBOIMIH
AKTUBHPOBAHHBIM KOHLIEHTparoM (akTOpOB NPOTPOMOMHOBOTO KoMmIuiekca «Peiiba», KOHLIEHTPAToOM
aKTUBUpOBaHHOTO pexoMOnHaHTHOTO (hakropaVIl «HoBoCasen» (Dnrakor anbda) 1 HeaKTUBUPOBAHHBIM
KOHIICHTpaTOM (haKTOPOB MPOTPOMOMHOBOTO KOMILIEKCA.

Pesyabrarsl

[onuerit ycnex npu mposeaeHun nporokorna MUT Obur momyuen y 3 (50%) manmeHToB, Yy HUX
OoTMeyaJlach TOJIHAsl IMMUHALUS MHTHOWTOpa, HOpManu3alus TecTa BoccTaHOBieHUs (Oonee 60%) u
MIEPUOA MOJTYBBIBEACHUS COCTAaBUI Oosee 6 4acoB.

VY 2 (33%) nmereit oTMedasics 9aCTUYHBIN yCIeX B CBSI3W C OTCYTCTBHEM HOPMAJHM3aIlMH IIEPHOAa
MOJTYBBIBEACHUS W OHHM TPOAOIDKAIOT Tepamuio mo nporokoidy MUT ¢ mocTeneHHBIM CHUKEHHEM 03B
npenapara.

OTCcyTCTBHE OTBETa OTMEYANIOCh y 1 OOMBHOTO ¢ MHTHOMTOPHOH (hopMoit remoduiuelt, y KOTOpOTro
Obula BBISBIICHA HOHCEHC-MYTAallUsl U B JANbHEHIIeM OHOBUI MepeBelleH Ha albTEPHATUBHYIO TEPAITHIO
(Tabmumna).

JuHamyka TUTpa MHTMOUTOPOB B KPOBM Y MAIMEHTOB IOJy4YaBIUMX JiedeHHE 1o npoTtokosry WUUT
JEMOHCTPHPYET, 4YTO TOYTH y BCEX INAlMCHTOB HAa PAa3IMYHBIX CPOKaX OTMeYalach JIMMUHAIINS
uHruoutopos (Puc.), kpome mamuenta Ne2 y KoToporo Obu1a 0OHapyKeHa HOHCEHC-MYTalusl.

U3 6 maumentoB y 3 (50%) Oycrep 3¢ddext paszBuncsa uepe3 10-13 gHell oT Havana JeyeHHs, Y
3 (50%) ugepe3 30-40 nmueit ot Hawanma teparmuu. B cpegnem Oycrep-addext ormeuancs Ha 24 OeHb OT
Hayana Tepanuy. YpoBeHb HHIHOMTOpa MUHUMAJIBHBIA TOBBIIANCs 10 2,5 be, makcumansho 10 710 be,
cpexHuil ypoBeHb HHIHOMTOpa B KpoBU coctaBui 208 be. B Teuenue tepanuu BeicokuMu no3amu FVIII
OTMEYAJIOCh HECKOJIBKO IIMKOB IOBBIMICHHUS THUTPOB HMHIMOUTOPOB, C IOCICHYIOIIMM 3HAYUTEIbHBIM
CHIDKCHHEM TUTPA B KPOBH.
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Pesynbrarsl tedennss HHTHOUTOPHBIX GopMm remodmrn B PK mo nporoxony MUT

Bycrep-adpdexr
[Tanmentsr | Boszpact |/lara Hadyana Ho3za "
(ronbi) Tepanuu npenapara | OT HaYala JICYCHUs | YPOBEHb HHIHONTOpA cxon
(nHM) (be)
Nel 2,5 10.04.12r | 300 ME/kr/cyT 10 28 Tepanus 3aBepiicHa
Her sddexra
Ne2 12 10.04.12r | 300 ME/kr/cyT 31 710 Tlonmygaer ansrep-
HaTHBH. JIEUCHHE

Ne3 5 24.05.13r | 300 ME/kr/cyT 32 30 Tepamnust 3aBepieHa
Ned 7 10.02.14r | 150 ME/kr/cyT 44 2,5 Tepamnust 3aBepiieHa
Ne5 7 01.04.14r | 100 ME/kr/cyT 12 152 IIponomxaer nedeHue
Ne6 3 01.07.15r | 300 ME/kr/cyT 13 74 IIponomxaer nedeHue
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JlnHaMuKka TUTpa HHTHOUTOPOB B KPOBU Y NAIIMEHTOB MOJIyYUBIINX JiedeHHe o npotoxony MUT

BoiBoawl. UUT c npumenenuem minasmeHubix FVII, comepxkamux vWF — addexTuBHBI HHCTPY-
MEHT SIUMHMHAIMKA WHTHOWUTOpA, MO3BOJIOIIUI JOOMBAThCS YCTOWYHMBOTO MOJOKUTEIBHOTO 3dderra
y OOJIBIIMHCTBA MAIMEHTOB C HHTHOMTOPHOU (hopmoii remodunu A.

B Hamewm wuccrenoBaHuM MPUMEHEHUE MPOTOKOJIA MHIAYKIMU MMMYHHOW TOJICPAHTHOCTU C IENBIO
CHIDKeHUsI WM 3nuMuHaumu uHruouropa kK FVII Obuo adgdextuBHbiM y 83% manueHToB ¢ MHTHOH-
TOpHOU (hopMoit remoprHH.

B mpomecce neuenus mo mporokony MUT ormamaer HEOOXOAMMOCTH B 0oJjiee TOPOTHX «ITyHTH-
pYIOIIMX» Tpenaparax.3HauUTEIbHO YIy4IIaeTcs KauecTBO JKM3HM NAalMEHTOB, CHIDKAETCS PHCK
WHBAMIU3AIUHT U TSHKEIIBIX OCIOKHEHUH.

Taxum 00pa3zoM, MOXHO HE TOJIBKO 3HAYUTEIHHO YITYYIIUTH IIPOTHO3 M Ka4eCTBO KU3HH MAI[IEHTOB
C JIMMUHHUPOBAHHBIM MHTHOUTOPOM, HO M TOOUTHCS 3HAUUTEIBHON 3KOHOMHUU cpeiacTB. JJo HacTosmero
BpPEMEHH aJbTEepPHATUBHBIX METOJOB MIMMUHAIINY HHTHOUTOpA HE pa3paboTaHo.
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P. 3. bopan6aeBa, I'. K. AoausioBa, H. A. AciaméexkoBa
KP IIM IlennaTpus MeH 6axa XHPYPTHSACH FRUTBIMU OpTalbIFel, AnMaTsl, Kasakcran

BAJIAJIAPJATBI TEMO®UWJINAHBIH UHI'MBUTOPJIBI TYPJIEPIH
EMJEY HOTU/XKEJILIIT'T

AHHOTanMs. A ayblp reMOQMIMSACHIHA MIAJJBIKKAH, aHTUTeMO(QMIIBAI TJI00YJIMH KOHLIEHTPATTapblH y/Aaiibl
KaObUIIaraH Oananapaeiy mamameH 30%-ma uHrHONTOpIap naiina 6onanel. Kem xarmaiina 5 sxacka meiinri Oamna-
napja reMo(IHSHBIH HHTAOUTOPIIBI TYP1 aHbIKTaNaabl. MYHIal HayKacTapIIblH EMICY KOIl JKaFaaiaa KbiMOaT, eTe
KYpJelni, Kel jkarmainapaa MyJaeM HOTHXKECI3 O0ysl MYMKiH. MMYHIBIK TOJEPAHTTHUIBIK WHIYKISICHI HHIH-
OuTOpIap SMMMHUHAISICEIHBIH THIMAL dmici 0oibm Ta0bbutagsl. CoTci3 Tepamusuiapabl ecKepreH xaraaiaa na, 80%
JKOHE OJJaH YKOFaphl HOTIDKENIIIK KOPCETIl, OoamaKTa AeHCaynbIK caKTay iCiHIH IIBIFRIHIAPEIH YHeMeini. Maka-
mana 2012 men 2016 k. apanbireiana [leanatpus MeH 0ana XUPYPTUSACH FRUIBIMH OPTAJIBIFBIHIA IMMYHIIBIK TOJIE-
PaHTTBUIBIK MHAYKIMSACHI MPOTOKOJIBI OOWBIHILA aliFall eM allFfaH Oananapiarbl reMO(MIMSHBIH ayblp TYpJepiH
emiey HoTIKenepi kenrtipiared. bispin 3eprrey skymbichiMbizaa FVIII-Fa nHrHOUTOpPABI TOMEHIETY HEMECE KO
MaKCaThIH/Ia MIMMYH/IBIK TOJIEPAHTTHUIBIK MHAYKIMSACHI MPOTOKOJBIH MaiganaHy reMo(WINsIHBIH HHIHOUTOPIIBIK
TYpIMEH aybIpaThlH HayKacTapAblH 83%-/1a jKaKChl HOTHKE KOPCETTI.

Tyiiin ce3nep: Oananapnarsl reMOGIHSL, HHTUOUTOP, TI00YIHMH, IMMYH/IBIK TOJIEPAHTTHIIBIK, JIMMHUHALINS.
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DETECTION OF THE ASSOCIATIONS OF miRNAs
WITH TARGET GENES PARTICIPANTING
IN THE DEVELOPMENT OF CARDIOVASCULAR DISEASES

Abstract. Results presented in the article describe the characteristics of the interaction between miRNAs and
mRNAs of genes which involved in the development of myocardial infarction (MI), ischemic heart disease (ISHD),
arterial hypertension (AH), metabolic syndrome (MS) and atherosclerosis (ATH). Out of the 185 genes involved in
the development of MI, out of the 174 genes involved in the development of ISHD, out of the 128 genes involved in
the development of AH, out of the 181 genes involved in the development of MS and out of the 213 genes involved
in the development of the AS, 21, 15, 18, 17 and 15 genes, respectively, have been identified as targets for four or
more miRNAs. Associations of 7GFBI with miR-6089 and CD36 with miR-619-5p can serve as markers for ISHD
and MS. The association of /L/8 with miR-5096 can serve as a marker for ISHD, MS and ATH. The association of
SIRT1 with miR-4767 can serve as a marker for MI, MS, and ATH. The association of CDKNIC with miR-762 can
serve as a marker for MI and ATH. The association of ALDH?2 with miR-1226-5p can serve as a marker for ISHD
and AH. The associations of 7TFAM with miR-6089 and 7NBS! with miR-1183 are specific for MI. The associations
of FADS3 with miR-6789-5p, HIF 14 with miR-6789-5p, MLXIPL with miR-4685-5p and SMARCA4 with miR-762
are specific for ISHD. The associations of ADRBI with miR-3960, CACNB2 with miR-619-5p, CASZI with miR-
1226-5p and STR39 with miR-762 are specific for AH. Associations of AHII with miR-5096, H6PD with miR-619-
5p, LMNA with miR-6756-5p and SREBF2 with miR-6756-5p are specific for MS. Associations APHIB with miR-
4707-5p, F1IR with miR-1273d, /RS2 with miR-6806-5p and /RS2 with miR-4767, PLTP with miR-4767 and
UTS2R with miR-6089 are specific for ATH.

Keywords: miRNA, mRNA, genes, myocardial infarction, ischemic heart disease, arterial hypertension,
metabolic syndrome, atherosclerosis.
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BBISIBJIEHUE ACCOLIMAILIMIT miRNA
C TEHAMU-MUIIEHAMY YYACTBYIOIIMMH
B PA3BUTHH CEPJAEYHO-COCYIMCTBIX 3ABOJIEBAHMIA

AnHoTtanusi. B paboTe npencraBieHbl pe3ysbTaTbl M3y4YEHHUs] XapaKTEpUCTUK B3auMojercTBus miRNA ¢
mRNA reHoB, y4acTBYIOIIMX B pa3BUTUH HH(papkTa Muokapna (M), nmemuueckoii 6onesnu cepaua (UbC), apre-
puansHOU runeprensuu (Al), meradbonmuueckoro curapoma (MC) u arepockieposa (AC). U3 185 reHos, yyacTByto-
mux B pa3ssutuu UM, u3 174 renos, yuactByromux B pa3ssutuu UBC, u3 128 reHoB yuacTByromux B pa3sButuu Al
n3 181 renos, yuactByromux B pa3sutun MC, u3 213 reHos, yuacTByromux B pa3BuTHU AC, BBISBICHBI COOTBET-
ctBeHHO 21, 15, 18, 17 u 15 TeHOB, KOTOPBIE SBISTIOTCS MUIICHIMH 9eThIpex U Oomee miRNA. Acconuaryu reHa
TGFBI ¢ miR-6089 u rera CD36 ¢ miR-619-5p moryt ciyxuts Mapkepamu nipu UBC u MC. Accommarus reHa
IL18 ¢ miR-5096 moxet cimyxuts Mapkepom mpu UBC, MC u AC. Accommanus rera SIRTI ¢ miR-4767 moxer
ciyxuts Mapkepom nipu UM, MC u AC. Accormanusa rena CDKNIC ¢ miR-762 MOXeT CIIy>)KUTh MapKepoM IpH
UM u AC. Accommanusa reda ALDH2 ¢ miR-1226-5p moxer cioyxuts mapkepom npu UBC u AI. Acconmarmu
TFAM ¢ miR-6089 u THBS1 ¢ miR-1183 sBustrorcs crenupnyeckumu st UM. Accommanuu FADS3 ¢ miR-6789-
5p, HIF 14 ¢ miR-6789-5p, MLXIPL ¢ miR-4685-5p u SMARCA4 ¢ miR-762 sBnstorcs cneuuduyeckumu st UBC.
Accommanun ADRBI ¢ miR-3960, CACNB2 ¢ miR-619-5p, CASZI ¢ miR-1226-5p u STR39 ¢ miR-762 sBnstorcs
cneuuduyeckumu st Al'. Accormaruu AHII ¢ miR-5096, H6PD ¢ miR-619-5p, LMNA ¢ miR-6756-5p u SREBF?2
¢ miR-6756-5p sensrores cnerudraeckumu it MC. Accormarmu APHIB ¢ miR-4707-5p, F11R ¢ miR-1273d, IRS?2
¢ miR-6806-5p u IRS2 ¢ miR-4767, PLTP ¢ miR-4767, UTS2R ¢ miR-6089, sBnsrorcs cnienududeckumu st AC.

KioueBbie cioBa: miRNA, mRNA, reHsl, nHQapKT MHOKap/a, HiIeMudeckas 00J1e3Hb cepALa, apTepraIbHas
THIIEPTEH3Us, METa0OJIMIECKUI CHHAPOM, aT€POCKIIEPO3.

Beenenue. B mocnenHue rofpl akTUBHO pPa3palbaThIBAIOTCS MOJIEKYJSAPHBIE TECT-CHCTEMbI IS
paHHEl He WHBAa3WBHOM IHMAarHOCTHKH 3a00JIeBaHUI, B TOM YHCIIE CEpIEeYHO-COCYIUCTBIX 3a00JIeBaHHIMA
(CC3) [1-7] . Bo MHOTHX paboTax ycTaHoBiIeHO yyacTue miRNA B peryisnuu SKCIpeccuy TeHOB, y4acT-
BYIOIIMX B Pa3BUTHU CEPIEYHO-COCYIUCTHIX 3abonmeBanuii [8-21]. IIpobnema BhIABICHHS CIIEIUMUIHBIX
accormaii miRNA ¢ mRNA reHoB-MUIIICHEH SBISICTCS CIIOXKHOM, IMTOCKOIBKY CYIIECTBYET HECKOIBKO
TUTIOB CEPAEYHO-COCYAUCTHIX 3a00JIeBaHMH, KaKI0€ M3 KOTOPBIX 3aBUCUT OT JECATKOB U JIaXe COTEH
reHoB 1 miRNA. MHorue reHsl sSBISIOTCS OOIIMMHU TpH pa3BUTHH pa3HbIX THIOB CC3, MOATOMY CTOUT
KpaiiHe CIIOXKHas 3a7ada pa3padoTaTh TECT-CUCTEMbI IUAarHOCTUKY HA PAHHUX CTAAUSAX KaXKAOTO U3 TUIIOB
CEepJICYHO-COCYTUCTHIX 3a00JIEeBaHUI M BBIABIATH 00IIyro mpeapacnoioxkeHHocTh kK CC3. Pa3genpHbIi
KOHTpOJIb 3Kcmpeccnd MiRNA u reHoB He AaeT SICHOTO NPEACTAaBICHHS O BKJale KaXIOr0 U3 STHX
¢akropoB [22]. Kak mpaswio, s kaxaod miRNA UMErOTCS OAWH WM HECKOJBKO TeHOB-MUILICHEH, U,
Ha000pPOT, OJTMH T€H MOXET OBITh MUIIEHBIO IS OJMHON M HecKoMbKkuX MiRNA. I[penmaraemerii HaMu
METoA BbIABIECHUS acconuanuii miRNA ¥ reHoB-MuIlIeHeH MO3BONSET OAHO3HAYHO ONPEAENSITH BKIAl
miRNA u uxX reHoB MUIlICHeH B pa3BUTHE 3a0oJieBaHWil. B HacTtosmeidl paboTe ¢ HCMOIB30BaHHEM
3¢ pexTUBHOI TTporpaMMBbI TIPEICKa3aHUsI KOJIMYECTBEHHBIX XapaKTePUCTHK B3amMoJeHcTBHI MiRNA ¢
mRNA reHoB Hamu MpoBeieH NMoucK acconuanuii miRNA U TeHOB, y4acTBYIOIMX B Pa3BUTHH Pa3HBIX
TUIIOB CEPACYHO-COCYAUCTHIX 3a00JIeBaHUN.

MarepuaJjibl 1 METOIBI

Hyxneotunueie mocnenoBarenpHOCTH MRNA  TeHOB uyenmoBeka momydeHsl u3  GenBank
(http://www.ncbi.nlm.nih.gov) [23]. miRNA B3sat1er u3 miRBase (http://mirbase.org) [24]. ITonck reHos-

— 4) ——
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mutnreHed s miRNA mpoBomwmm, ucnonb3ys nporpammy MirTarget, HanrcanHyr0 B Hamieil nabopa-
topun [25]. Ilporpamma ompenenser: Hadajgo caiToB cBs3bpiBaHusd MIRNA ¢ mRNA; pacmonoxenne
caitroB B 5'UTR, B CDS u B 3'UTR mRNA; cBoGoanyt0 3Hepruro rudpuauzanuu (AG, kJ/mole) u cxemsl
B3auMmopencTBus HykiaeoTHnoB MiRNA ¢ mRNA. Jlng kaxporo caiita pacCUMTHIBAIM OTHOILEHHE
AG/AGy, (%), Tne AGm paBHa cB0OOAHOM 3Hepruu cBsi3piBaHUSI MiIRNA ¢ OJIHOCTBIO KOMIUIEMEHTAPHON
HYKJICOTHTHOW TOCIIeA0BaTeIbHOCThIO. CaiThl cBs3biBaHusS MiRNA ¢ mRNA oTOupanu ¢ OTHOIICHHEM
AG/AG,, paBabiM 90% u Oonee. Hauano caiiToB cBsi3bIBaHUS yKa3aHO OT mepBoro Hykiaeotuaa 5'UTR
mRNA.

Pe3yabTaThl U MX 00CykKIeHUE

I'ensl 1 miRNA, yyacTByomue B pa3BUTHH HHpapKTa Muokapaa. 113 185 reHoB, y9acTBYIOIIHX
B pa3BuTHH HH(papKTa MUOKap/la, HaMU BBIOpPAaHBI T'eHBI, KOTOpPbIC 0oJiee, YeM IPYrHe MOJBEPIKEHBI
pEryJIAIuU UX dKcrpeccuu nocpenctsoM miRNA 1 MOryT OBITH UCTIOJIH30BAHBI B KAYECTBE aCCOLUAIUH C
cootBeTcTBytomMu mMiRNA s pa3paboTku JUArHOCTUYECKMX TecT-cucteM. llepedennr 21 reHOB
SIBJISTFOIIIXCS. MHIICHSAMH 4YeThipeXx M 0o1ee miRNA: ADAMSE (miR-1207-5p, miR-6089, miR-671-5p,
miR-6742-5p, miR-7162-3p); ADRBI (miR-1587, miR-3665, miR-3960, miR-6799-5p); ANGPT2 (miR-
4452, miR-5096, miR-5585-3p, miR-7110-3p); AP3DI (miR-1228-5p, miR-1910-5p, miR-3960, miR-
6893-3p); CCL5 (miR-1285-5p, miR-1303, miR-4452, miR-4728-3p, miR-5095, miR-5096, miR-5585-
3p, miR-619-5p, miR-7158-5p); CYP1A42 (miR-1273d, miR-1273g-3p, miR-1303, miR-5096, miR-6894-
5p, miR-7851-3p); DNASE1 (miR-1303, miR-5095, miR-5096, miR-5585-3p, miR-619-5p); ENPPI
(miR-1273a, miR-1273d, miR-1273e, miR-1273f, miR-1273g-3p); F2R (miR-1285-5p, miR-5095, miR-
5585-3p, miR-619-5p); GP6 (miR-1285-5p, miR-5096, miR-630, miR-6798-5p); IGFI (miR-1273d,
miR-1273e, miR-1273f, miR-1273g-3p, miR-574-5p); ILI12B (miR-1303, miR-5585-3p, miR-619-5p,
miR-6893-3p); IL6R (miR-1273h-3p, miR-3921, miR-5095, miR-6089, miR-619-5p, miR-6809-3p);
KCNJI11 (miR-1273a, miR-1273c, miR-1273d, miR-1273g-3p, miR-1972, miR-3664-3p, miR-4769-3p);
LDLR (miR-1285-5p, miR-1303, miR-5095, miR-5585-3p, miR-619-5p, miR-6751-5p); LRPI (miR-
1911-3p, miR-301a-3p, miR-301b, miR-3926, miR-6879-5p); LRP8 (miR-1277-5p, miR-3661, miR-
3960, miR-6813-5p, miR-6838-3p); MTHFR (miR-1285-5p, miR-5095, miR-5585-3p, miR-619-5p, miR-
8089); PPIA (miR-1273d, miR-1273e, miR-1273f, miR-1285-5p); TFAM (miR-1273d, miR-1273h-5p,
miR-466, miR-6089, miR-6787-3p); THBS1 (miR-1183, miR-3121-5p, miR-328-5p, miR-6786-5p).

AHanu3 NpUBENCHHBIX BBIIIE NAaHHBIX MOKa3biBaeT, uto reHsl CYPIA2, ENPPI, IGFI, KCNJI1,
PPIA aBngroTCS MUIIEHAMH MPEUMYIIECTBEHHO I ceMelicTBa miR-1273, a reust CCLS, DNASE, F2R,
MTHFR sBRsOTCS MULIEHAMHE [T Tpynnbl miR-1285-5p, miR-5095, miR-5096, miR-5585-3p, miR-619-
5p. CnenoBaTensHO, TIOYTH TIOJIOBUHA T€HOB, YYACTBYIOIIUX B Pa3BUTHH HMH(APKTA MUOKAP/A, SIBISIOTCS
MHIIEHAMH I IBYX TPYII YHUKATHHBIX MiRNA [26].

Cpenn miRNA, CBS3BIBAlOIIMXCS C BBICOKOW SHEprHel C TeHaMH, YYacTBYIOUIUMH B Pa3BUTHHU
uH(papKkTa MUOKapja, Hamu BeIOpaHbl 12 miRNA, KoTOpble HMEIOT CaliThl CBS3BIBAHUS C MATHIO U OoJiee
reHaMu, HeKoTophie n3 miRNA uMeroT MHOKecTBeHHBIC calThl (*): miR-1273d (CYP1A2, ENPPI, IGF1,
KCNJ11, PPIA, TFAM); miR-1273f (ADIPOQ, ENPPI, IGF1, MEF24, PPIA); miR-1273g-3p (CYPIA2,
ENPPI, FTO, ICAMI, IGF1, KCNJ11, MEF24); miR-1285-5p (CCLS5, F2R, FGB, FGF2, GP6, LDLR,
MTAP, MTHFR, PPIA); miR-1303 (CCLS5, CYPIA2, DNASEI, ILI12B, LDLR); miR-3960* (4DRBI,
AP3DI, CLECI6A4, LRPS, PDE4D, SCAP); miR-466* (GSN, ICAMI, NAMPT, SP1, TFAM, TNFSF4);
miR-5095 (CCL5, DNASE1, F2R, HFE, IL6R, LDLR, MTHFR, STAT3); miR-5096 (ANGPT2, CCLS,
CYPI1A42, DNASEI, FGB, GP6); miR-5585-3p (ANGPT2, CCL5, DNASE, F2R, ILI12B, LDLR, MTAP,
MTHFR, STAT3); miR-574-5p* (CD40LG, CDKN2B, IGF'1, OLRI); miR-619-5p (CCLS5, DNASEI, F2R,
GSTCD, ILI12B, IL23R, IL6R, LDLR, MTHFR, STAT3). Ananu3 3TUX NaHHBIX MOKa3biBaeT, 9To MiRNA
cemeiictBa miR-1273 u rpynmbl miR-1285-5p, miR-5095, miR-5096, miR-5585-3p, miR-619-5p umeror
CalThHI CBA3BIBAHMSA B MOJIABJISIONIEM YHCIIE TEHOB, YYaCTBYIONINX B Pa3BUTHH WH(pAPKTa MUOKapa.

IMo xapakrepuctikam B3aumozelcTBist MiIRNA ¢ mRNA reHoB-MullieHel BBISIBJICHBI HawOojee
s¢dextuBHbIe accormary MiRNA U MX TeHOB-MHUIIICHEH, KOTOPhIE MOKHO HCIOJb30BaTh B KAa4€CTBE
TECT-CUCTEM ISl paHHeW MuarHocTUKH WH(papkTa MHOoKapna (tabmuua). BerOpanusle accoruanmm ooma-
JTAt0T OJTHOBPEMEHHO MOBHITIICHHON dHeprueii B3anMoieiicTBrs (AG) 1 BRICOKOH KOMITTIEMEHTapPHOCTHIO




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Xapakrepuctuku acconuanuit miRNA ¢ mRNA reHoB-muiieHet,

MpesiaraeMple B KaueCTBE TECT-CUCTEM JUIS IUATHOCTHKH CEPACYHO-COCYTUCTHIX 3a00IeBaHUN

Ten miRNA Hauaio caiira, H. Vuacrok mRNA | AG, kJ/mole | AG/AGm, % nﬁlﬁ{nﬁz
Wudapkr Mmuokapna
ADAMS miR-6089 2285 CDS -132 89 24
CDKNIC miR-762 876 CDS -132 97 22
IL6R miR-6089 346 5'UTR -138 93 24
SIRTI miR-4767 236