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Summary

Large neutral amino acids (LNAA) have been used on a limited number of patients with phenylketonuria (PKU) with the purpose
of decreasing the influx of phenylalanine (Phe) to the brain. In an open-label study using LNAA, a surprising decline of blood Phe
concentration was found in patients with PKU in metabolic treatment centres in Russia, the Ukraine, and the United States. To
validate the data obtained from this trial, a short-term double-blind placebo control study was done using LNAA in patients with PKU,
with the participation of three additional metabolic centres — Milan, Padua and Rio de Janeiro. The results of the short trial showed
significant lowering of blood Phe concentration by an average of 39% from baseline. The data from the doubleblind placebo control
are encouraging, establishing proof of principle of the role of orally administeredLNAAin lowering blood Phe concentrations in patients
with PKU. Long-term studies will be needed to validate the acceptability, efficacy and safety of such treatment.

Abbreviations
BBB  blood-brain barrier
LNAA large neutral amino acids
Phe  phenylalanine
PKU  phenylketonuria
VIL  valine, isoleucine and leucine

Introduction

Phenylketonuria (PKU) is caused by defi-
cient activity of the enzyme phenylalanine
hydroxylase (PAH) (Folling 1934; Jervis
1953; Kaufman 1971). The treatment of
PKU with diet restricted in phenylalanine
(Phe) has become a standard care follow-
ing the early trials of Bickel and colleagues
(1953).

Experience with the treatment of PKU
indicated efficacy of the low-Phe diet with
the possibility of diet relaxation in older
children. Studies showing decline in intel-
lectual performance when blood Phe con-
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centrations were high resulted in reas-
sessment of the policy of diet relaxation.
Gradually the concept of ‘Diet for Life’
emerged on the basis of subsequent studies
(Azen et al 1991; Fisch et al 1997; Gleason
et al 1992; Michals et al 1985; Walter et al
2002). Decline of intellectual performance
when blood Phe concentrations are elevated
is the basis for continued diet in PKU.
When blood Phe concentrations are high,
individuals with PKU often have prob-
lems with poor school performance, decline
in executive functioning, and changes in
white matter of the brain. (Burgard et al
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1997; Diamond 2001; Fisch et al 1995;
Griffithset al 1995; Lou et al 1985; Michals
et al 1988; Pietz et al 1998; Ris et al 1994;
Schmidt et al 1994; Smith et al 1978, 1991;
Scriver and Kaufman 2001; Seashore et
al 1985; Thompson et al 1990, 1994). In
order to prevent blood Phe from exceeding
acceptable concentrations, different modes
of therapy have been advocated (Scriver
and Kaufman 2001).

Centres that treat PKU have advocat-
ed different blood Phe concentrations for
young children or adults, so that uniform-
ity of acceptable Phe concentration has been
lacking. A consensus conference organ-
ized by NIH (NIH 2001) with experts from
the United States, the United Kingdom,
Germany, France and other countries
resulted in guidelines suggesting blood Phe
concentrations of 120-360 pmol/L for chil-
dren from birth to 13 years of age. Those
who are 13 years and older are recom-
mended to have blood Phe concentration not
exceeding 900 pmol/L, with concentration
below 600 pmol/L preferred. In Europe, in
some centres, blood Phe concentration of
1200 pmol/L is allowed. In the UK, specific
guidelines were developed (MRCWorking
Party on Phenylketonuria 1993), although
some centres in the UK accept 1200 nmol /L.
Even with these higher blood Phe recommen-
dations it is still difficult to attain desired
blood Phe concentrations (NIH Consensus
Report on Phenylketonuria 2001).

The discovery that (6R)-L-erythro-5,6,
7,8-tetrahydrobiopterin (BH,) could reduce
blood Phe in some patients with PKU
(Kure et al 1999) was met with enthusi-
asm. Subsequent studies (Blau and Scriver
1997; Blaue and Trefz 2002; Erlandsen et
al 2004; Lassker et al 2002; Lindner et al
2003a,b; Matalon et al 2003, 2004; Muntau
et al 2002; Spaapen et al 2000; Trefz et
al 2000, 2001; Weglage et al 2002) con-
firmed the findings of Kure and colleagues.
However, the response to BH4 is primarily
limited to patients with mild PKU.

Large neutral amino acids (LNAA) have
been suggested for use in treatment of PKU
because of the competition with Phe at the
blood-brain barrier (BBB). Oldendorf and
Szabo (1976) showed that LNAA cross the
BBB with the same transporter protein
that is also shared by cationic amino acids.
The large neutral amino acids and the cati-
onic amino acids (phenylalanine, tyrosine,
tryptophan, threonine, isoleucine, leucine,
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valine, methionine, lysine, arginine histi-
dine and other cationic amino acids) share a
common transporter to the brain and com-
pete with one another (Choi and Pardridge
1986; Hargreaves and Pardridge 1988;
Hidalgo and Borchardt 1990; Pardridge
1977, 1982; Pardridge and Oldendorf
1975). Pardridge (1982) showed that the
transport of LNAA and movement of amino
acids across the BBB depend on the affinity
of each amino acid for the carrier protein.

Large neutral amino acids and cationic
amino acids cross the intestinal mucosa by
a carrier protein similar to that of BBB,
except that the affinity of the amino acid
for the intestinal carrier has a K two
orders of magnitude higher than that of
the BBB, so that under physiological condi-
tions high concentrations of LNAA need to
be present in the GI tract in order to com-
pete with Phe. Recently, we have shown
that blood Phe concentration in patients
with PKU, as well as in mice with PKU,
decline significantly when treated with
LNAA (Matalon et al 2006).

We report the results of a study using
LNAA in patients withPKUcarried out by
several metabolic centres in different coun-
tries. The data from open-label studies
showing decline of blood Phe concentration
in patients with PKU were encouraging and
indicated that a mixture of LNAA (NeoPhe)
can successfully lower blood Phe concen-
trations in patients with PKU (Matalon et
al 2006). This double-blind study confirms
previous findings thatLNAAcan be used
for all patients with PKU who need reduc-
tion in blood Phe concentration.

Patients and methods

Tablets of large neutral amino acids
(NeoPhe) were obtained from Prekulab,
Korsor, Denmark. The composition of
LNAA is the same as described in the open-
label study (Matalon et al 2006). The pla-
cebo tablets were supplied by the same
company and were identical in size and
appearance. The placebo contained lactose
monohydrate, microcrystalline cellulose
and colloidal hydrated silica.

Patients with PKU were recruited from
six centres: Department of Pediatrics,
University of Texas Medical Branch, Child-
ren’s Hospital, Galveston, Texas, USA;
Institute of Clinical Genetics, Kharkiv
State Medical University, Kharkiv,
Ukraine; Department of Clinical Genetics,
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Fig. 1 Blood Phe response to
NeoPhe in 20 PKU patients after
one week. Average blood Phe
concentration at baseline was
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Institute of Pediatrics and Child Surgery,
Moscow, Russia; University of Milan,
Italy; Inherited Metabolic Disease Unit and
Department of Neuroscience, Neurological
Clinic, University Hospital of Padua, Italy;
Diagnoésticos Laboratoriais Especializados
and Centro Ambulatorial de Prevencio/
APAE- Rio de Janeiro, Brazil. The patients
enrolled in the study had to have PKU
and be old enough to swallow pills. Each
patient signed an institutionally approved
informed consent prior to enrollment.

There were 20 patients in the study, aged
11 to 32 years, 12 female and 8 male. There
were 4 patients from the USA, 5 from
Ukraine, 1 from Milan, 2 from Padua, 2
from Brazil, and 6 from Russia.With the
exception of one patient, the 20 patients
had classical PKU as indicated by the clini-
cal classification based on initial Phe con-
centration and genotype.

The patients were instructed to continue
their diet as prior to enrolling in the trial.
The dosage of LNAA was as 0.5 g/kg per
day in three divided doses to be taken with
meals, which is about one tablet per kg per
day. The placebo tablets were given in the
same dosage. This dosagewas acceptable
and patients complied with the treatment.
The order of the placebo and experimental
treatments was random and was unknown
to the patient and the treating physician.
Compliance and randomization were super-
vised by the metabolic centres. Baseline
Phe was determined on three separate occa-
sions prior to active participation in the
study. The baseline is the point of com-
parison of the patient’s current treatment
and the doubleblind study. Pills containing
either placebo or NeoPhe were adminis-
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tered and blood Phe was determined twice
weekly. Each centre took blood at the same
time for each visit, usually two hours after
meals. The patients had a one-week wash-
out period prior to the next week of the
double-blind crossover trial. Blood Phewas
again assayed at the beginning and twice
weekly during the second phase.

Paired t-tests were used to assess changes
from baseline measurements with the t-test
procedure using SAS statistical software
(SAS Institute, 2004).

Results

At the end of the double-blind trial the
results were unmasked. Blood Phe con-
centration in the 20 patients from all the
participating centres dropped significant-
ly while on 0.5 g/kg per day of LNAA
(NeoPhe). The average blood Phe concen-
tration at baseline, taken on three sepa-
rate occasions, was 932.9 ymol/L. During
the week of NeoPhe (LNAA), the aver-
age blood Phe concentration dropped to
568.4 pmol/L (average drop of 364.5,
SD=233.2), a decline of 39 %, which
was highly statistically significant
(p < 0.0001) as indicated in Fig. 1. Seven
patients with classical PKU who adhered
to treatment with their PKU formula
also showed a drop in blood Phe concen-
tration from baseline of 531.6 pmol/L,
which dropped to 281.5 pumol/L (average
drop of 250.1, SD=173.7, p = 0.009) when
NeoPhe was given (Fig. 1).

The results of the placebo trial showed
minor changes in blood Phe concentrations
when compared to baseline levels. The aver-
age blood Phe concentration changed from
932.9 numol/L to 882.66 nmol/L, a decline
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Fig. 2 Blood Phe response to
placebo in 20 PKU patients after
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of 5.4%, which was not statistically sig-
nificant (p = 0.07), as indicated in Fig. 2.

Discussion

In a recent report of a one-week open-
label trial with LNAA, blood Phe concen-
trations decreased without any change in
the dietary practice of the patients with
PKU (Matalon et al 2006). These results
were encouraging and seemed to raise the
possibility of a new modality for the treat-
ment of PKU. As patients with PKU grow
older, their dietary adherence erodes, and
this is associated with neuropsychologi-
cal deficits (Burgard et al 1997; Diamond
2001; Fisch et al 1995; Griffiths et al 1995;
Lou et al 1985; Michals et al 1988; Pietz
et al 1998; Smith et al 1978; Thompson
et al 1990). According to the NIH con-
ference (NIH 2001), the blood Phe con-
centration should be 120-600 pmol/L in
adolescents, a level difficult to attain in
older children and adults (Walter et al
2002). Tetrahydrobiopterin (BH4) can
lower blood Phe in some patients; however,
most patients will still require dietary Phe
restriction and only mild PKU patients
will benefit from BH, as the sole method of
treatment (Blau and Trefz 2002; Kure et al
1999; Lindner et al 2003a,b; Matalon et al
2002, 2004; Muntau et al 2002; Trefz et al
2000, 2001; Weglage et al 2002).

In the past, trials with LNAA in the
treatment with PKU have focused on the
transport of Phe to the brain. Trials with
tyrosine, 160 mg/kg, to patients with PKU
showed increased attention span and neu-
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rotransmitter synthesis, as judged by neu-
rotransmitter metabolites in the CSF (Lou
et al 1985). However, Pietz and colleagues
(1995) gave 100 mg/kg tyrosine to 24 ear-
ly-treated PKU patients for four weeks and
showed no improvement in neuropsycho-
logical tests.

Studies using valine 150 mg/kg, isoleu-
cine 150 mg/kg, and leucine 200 mg/kg
(VIL) resulted in substantial lowering of
Phe in the CSF, but tyrosine was also low-
ered. The first study ofLNAAsupplementa-
tion in the treatment of PKUwas conducted
using a formula of LNAA without lysine,
such as PreKUnil (Dotremont et al 1995).
Four patients were treated for one month
using a formula with 0.8 g/kg LNAA and
a low-protein diet, 0.6 g/kg. The treat-
ment led to negative nitrogen balance due
to lysine deficiency, indicating that such
a formulation was not adequate for treat-
ment of PKU.

The current study with LNAA gave con-
sideration to the transport of Phe in the GI
tract, where the K of the carrier protein
in the GI tract is two orders of magnitude
higher than that in the BBB. It is interest-
ing that lysine and arginine are also trans-
ported by the same carrier protein (Hidalgo
and Borchardt 1990; Larsen et al 1964;
Pardridge 1982).

Experiments by Hidalgo and colleagues
(1990) using human intestinal-epithelial
cells, Caco-2-cells, in monolayers with a
buffer containing 10 pmol/L Phe, showed
significant inhibition of Phe transport
requiring 100-fold (1 mmol/L) LNAA, as
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dictated by the K equation for affinity of
LNAA to the GI carrier protein. For exam-
ple, at such concentrations, leucine inhibits
Phe transport by 55 %, tyrosine by 45 %
and the cationic amino acid lysine by 50 % .
Competition of LNAA with Phe is likely
to occur in the GI tract only if LNAA is
given in high concentration. We have shown
in PKU mice that when 16.7 % of LNAA
was added to the normal chow a statistically
significant decrease in blood Phe concen-
tration was observed (Matalon et al 2003.)

The success of the open-label trial with
LNAA (Matalon et al 2006) in lowering
blood Phe concentration in patients with
PKU suggests that the carrier protein of
the GI tract can be inhibited in the trans-
port of Phe to the blood. The results of the
double-blind study clearly show a signifi-
cantly lowering of the blood Phe concentra-
tion while on LNAA (NeoPhe). The reduced
concentration of Phewas found in subjects
from six participating metabolic centres.
The lower blood Phe concentration was
observed in seven patients with classical
PKU who were on protein-free food and
PKU formula, who had an average blood
Phe concentration of 531.6 nmol/L which
dropped to 281.5 pmol/L (average drop
of 250.1 pmol/L, SD =+173.7, p = 0.009)
(Fig. 1). The reduction of blood Phe in the
seven patients was 47 %, which is statisti-
cally significant.

It is possible that LNAA may contribute
to better utilization of Phe, or another ana-
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JABOoHHOEe cAemnmoe NAaneb0-KOHTPOAHPYEMOE
HCCAEAOBAHHE OOABIIHX HEHTPAABHBIX
AMHHOKHCAOT B A€YEHHH
dbeHHAKETOHYPHH: BAHSIHHE HA YPOBEHb
dbennsranaHHMHA B KPOBH

P. MamanoH, K. Muxanc-Mamanown, I. bamua, A. b. bypnuna, A. I1. bypnuua, K. bpaaa,
J1. Quopu, M. IxoeaHHuHu, E. [pevyaHuHa, 1. Hosukoes, [x. Ipetidu, C. K. TalipuHe,
@. Nommnep

Pe3ome

Bonbluve HelTpanbHble amuHokucnoTsl (BHAK) npumeHsnnch y orpaHMYeHHOro KoNM4ecTBa NauMeHTOB C (DEHUNKETOHYpUeEN
(PKY) ¢ uenblo ymeHbLueHns nocTynnenus dermnanaquHa (PA) B ronoBHON MO3r. B OTKpbITOM MccnefoBaHnn ¢ NpUMEHEHUeM
BHAK B LeHTpax neueHus meTabonuyeckux 3abonesaquii B Poccum, Ykpante u CLUA y nauneHToB ¢ KY 6bino 0TMEYEHO yMeHb-
LUeHWe KoHUeHTpauum ®A B kpoBW. [Insi NOATBEPXAEHWS NONYYEHHbIX B 3TOM MCCNefoBaHUN [aHHbIX BbINo NpoBeeHO KpaTko-
CpOYHOE [BOIHOE cnenoe nnavebo-koHTponMpyemoe uccnefosanne ¢ npumeHennem BHAK y naumerTtoB ¢ OKY ¢ yyactvem Tpex
JOMOMHUTENBHbIX LIEHTPOB MeTabonmnyeckux 3abonesaquit — B Munane, Magye u Puo-ge-XKaHeilpo. Pe3ynbTaTkl 3T0r0 KpaTkocpoy-
HOrO McCnefoBaHUs NPOLEMOHCTPUPOBANM 3HAYNTENBHOE CHUKEHWE KOHLIEHTpaLm B kpoBu ®A, B cpeHeM Ha 39 % oT ucxopHoro
YpOBHS. [laHHble ABOHOTO cnenoro nnavieb0-kKoHTPONMpYeMOoro MCCNEAoBaHNs SBNAITCS 0OHaAEKMBAIOLMMI, YNPOUNBas Aokasa-
TenbCTBa 3HaueHus nepopansHoro npumeHeHunst BHAK B cHikeHnn koHUeHTpauun ®A B kposu y nauneHTos ¢ ®KY. [ins noateepx-
[EHNs NpUeMNemocTy, adpdeKTMBHOCTH 1 6e30MacHOCTH Takoro neyeHns HeobxoaumMo NPOBEAEHUE AONTOCPOYHbIX UCCIIEA0BAHNNA.

CoxkpalleHus
96 — rematosHUedhannyeckuin bapbep
BHAK — Gonblune HeiTpanbHble aMUHOKUCTOTbI
®A — deHunanaHuH
OKY — chennnkeToHypus
BWIT — BanuH, n3onenuyH n nemuyH

BBeneHnue

dennnkerounypusa (PKY) ob6yciosiie-
Ha HeJOCTATOYHON aKTHWBHOCTHIO (epMeH-
Ta (QenunamaguaruapoKcuaassl (Folling
1934; Jervis 1953; Kaufman 1971). ITocie
panHuUx wuccaenoBaHuii Bickel m wosmer
(1953) crammaprom tepanuu PKY craso
IpUMeHeHre UeThI ¢ orpaHudenneM heHu-
namaauHa (PA).

OmsiT seuenua PKY norkasan apdeKTrB-
HOCTBb VETHI C HU3KUM cojep:kanuemM DA
C BO3MOJKHOCTBHIO CHUIKEHUS €e CTPOTOCTH
y meTel cTapiiero Bo3pacra. Mcciaemopanus,
MTPOIEMOHCTPUPOBABIIINE CHUKEHe MHTeJ-
JeKTa IPU BBICOKOUN KOHIeHTpanmuum DA
B KPOBU, IIPUBEJUN K IIepPeOlleHKe ITOJUTU-
KU CHMIKeHUs cTporoctu auerbl. Co BpeMme-
HeM Ha OCHOBEe Pe3yJbTaTOB MOCJIEeAYIOITNX
uccaenosauuii (Azen et al 1991; Fisch et
al 1997; Gleason et al 1992; Michals et al
1985; Walter et al 2002) BosHuUKJIa KOH-
Mennusa «Aueta AJa Kusuu». CHUKeHUe
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MHTEJIJIeKTAa [P IOBBIIIEHNN B KPOBU KOH-
meHTpanuu @A aBIdgeTCS OCHOBAHUEM IJIs
HEIIPEePbIBHOTO COOJIOAEHUSA OUETHI IIpHU
®DKY. Ilpu BbIcOKOII KoHIeHTpamum DA
B KpoBHu y nmanuenToB ¢c PKY uacTo ormeua-
IOTCA IPOOJIeMbI CO IITKOJBbHOM ycIieBaeMo-
CThbIO, CHIKEHIE YIIPABJIAKIINX (PYHKI[MIHA
U M3MeHeHUusa B 6eJI0M BeIecTBe T'OJIOBHOTO
mosra (Burgard et al 1997; Diamond 2001;
Fisch et al 1995; Griffiths et al 1995; Lou et
al 1985; Michals et al 1988; Pietz et al 1998;
Riset al 1994; Schmidt et al 1994; Smith et
al 1978, 1991; Scriver and Kaufman 2001;
Seashore et al 1985; Thompson et al 1990,
1994). [Ins npenoTBpalle A IPEeBLIMIeHUA
IoImycTuMOIl KoHIeHTpanmuu PA B KpoBu
OBLIN IIPEAJIOMKEHBI PAa3JIMUYHLIE PEyKUMBbI
repanuu (Scriver u Kaufman 2001).
Hentpamu neuenus PKY gaa masieHb-
KUX JeTel WM B3POCJBbIX PEKOMEHJOBAHBI
pasiauuHble KOHIleHTpanuu PA B KpOBWH,
TaKuM 00pas3oM, efmHOooOpasue JOTyCTUMBIX
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KoHneHTpanun @A orcyrcrByer. Pesyiabra-
TOM KOHCEHCYCHOM KoH(epeHIIUuu, opra-
Hu30BaHHON HalumoHAIBLHBIMH HMHCTUTYTAa-
mu 3popoBesa CIHTA (NIH 2001) ¢ yuacru-
em skcueproB us CIITA, BenukoOpurauumu,
Tepmanun, @paHIy 1 IPYTUX CTPAH CTAJIO
co3aHre PeKOMEeHI0BAHHON HOPMBI KOHITeH-
mpanuu @A B KpoBu 120—-360 MKMOJIBL/JT 17151
mereil or po:kgenud mo 13 ser. Ilamuenram
crapire 13 JjieT peKoOMeHIyeTCcs IIpPUIep-
JKUBaThCA KOHIeHTpamuu PA He Oojee
900 MKMOJIB/JT, TPU IIPEAIIOYTUTEILHON KOH-
meuarpanuu HmKe 600 MKMouab/n1. B Hexo-
TOPBIX €BPOIMEHCKUX IIeHTPaxX MOIYCTU-
MOH sBJAETCA KOoHIeHTpanud PA B KpoBu
1200 w~rmoab/n. B Beamxkobpuranun
OblTu  paspaboTaHBI 0COOBIE PEKOMEHJIO-
Banuble HOpMBI (MRC Working Party on
Phenylketonuria 1993), XoTss B HEKOTOPBIX
ImeHTpax BeaWKoOOpPUTAaHUU HOMYCTUMAS
KoHIeHTpanua cocraBiger 1200 MKMOJIB/ 1.
Tem He MeHee Jake IIPU TaKuX 0oJiee BHICO-
KMX PEKOMEHIOBAHHBIX KOHIIEHTPAIUIX
IOCTHYL JKeJlaTeJbHOII KoHIleHTpanuu DA
B KpoBu TpyaHo (NIH Consensus Report on
Phenylketonuria 2001).

O6Hapy:KeHHBIN (PaKT, UTO Y HEKOTOPBIX
nanuentos ¢ ®PKY (6R)-L-spurpo-5,6,7,8-
rerparugpobuontepur (BH 4) moxer cHu-
3uTh ypoBeub @A B KpoBu (Kure et al 1999),
OBLJI BCTPEUEeH C 3HTy3ua3MoM. [laabpHelmme
ucciaemosanus (Blau and Scriver 1997;
Blaue and Trefz 2002; Erlandsen et al 2004;
Lassker et al 2002; Lindner et al 2003a,b;
Matalon et al 2003, 2004; Muntau et al
2002; Spaapen et al 2000; Trefz et al 2000,
2001; Weglage et al 2002) moaTBepauin
oTkpuiTHe Kure u KoJster. OnHAaKoO peakIinus
Ha BBegeHre BH4 B 0CHOBHOM OrpaHMYNBa-
eTcs ImalneHTaMu ¢ Jerkou ¢gopmoit PKY.

Boapmue amubokucaorsl (BHAK) Oniim
MpeIJIosKeHbl I IPUMEHEeHUs B Tepanuu
DKY BBuay nx Kourkypennuu ¢ @A 3a TpaH-
CIIOPT uepes reMaTosHIlehaTnUecKnii 6apbep
(I'3B). Oldendorf u Szabo (1976) mokaszasmu,
yronepeaoc BHAKuepesI'OB ocyiiecTsasaer-
Cs1 TeM 2Ke TPAHCIIOPTHBIM 0€JIKOM, UTO U JJI
KaTHOHHBIX aMUHOKMCJIOT. O0amas obmium
IepeHoCUYnKOM B rojoBHoir mo3r, BHAK
¥ KATUOHHBIE AaMUHOKHCJIOTHI (heHUIAIA-
HUH, TUPO3WH, TPUNTOPAH, TPEOHUH, U30-
JIEHIINH, JIeHIUH, BaJuH, METUOHWH, JIU3UH,
aprUuHuH, TUCTUAUH U IPYyTrue) KOHKYPUDPY-
1ot apyr ¢ apyrom (Choi and Pardridge 1986;
Hargreaves and Pardridge 1988; Hidalgo
and Borchardt 1990; Pardridge 1977, 1982;
Pardridge and Oldendorf 1975). Pardridge
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(1982) mnokasaj, UYTO TPaHCIOPTUPOBKA
BHAK u nepemerltieHrie aMUHOKUCJIOT Yepes
I'SB 3aBucuT OT CpoaCcTBa KAMK IO aMUHOKHU-
CJIOTHI C TPAHCIOPTHBLIM GEJITKOM.

BHAK u KaTuoHHBIE aMUHOKUCJIOTHI IIPO-
HUKAIOT Yepes CIUBUCTYIO 000J0UKY KUITIey-
HUKa C IIOMOIIBI0O TPAHCIOPTHOTO OejiKa,
momo0HOMY I mepeMelieHuss yepes 1'9B,
3a MCKJIIOUEHUEM TOr'0, YTO CPOACTBO aMUHO-
KHCJIOTHI K KUIIIEYHOMY IIePEeHOCUNKY NMEeT
sHaueHue K , Ha ABa MOPsAAKA IPEBBIIIAIO-
Iee TaKOBOe IJiA IepeHocumka ueped ['OB.
Taxum 00pazoM, B (YM3UOJOTUUECKUX YCJIO-
BUAX B JKEJIYAOYHO-KUIIIEUHOM TPaKTe AJIsA
KoHKypeHIuU ¢ PA HE0OXOAMMO IIPUCYTCT-
Bre BhICOKMX KoHIeHTparuii BHAK. Hamu
HeJaBHO YCTAHOBJEHO, UTO KOHIIEHTPAIUS
DA BKpoBu 60abHEIX PKY, a TakKe y MBbIIIEH
¢ ®KY npu npumenenuu BHAK cyimecTsen-
Ho cHmkaerca (Matalon et al 2006).

MpgzI coob1rtaem o pe3yIbTaTax IPoOBeIeHHO-
T'0 B HECKOJIbKHUX I[EHTPAaX MeTab0InUecKux
3a00J1eBaHUMA B Pa3HBLIX CTPaHaxX MCCJENO-
Banusa npumeHenus BHAK y mamuenTos
c ®KY. JlaHHbBIE OTKPBITHIX UCCJIETOBAHUM,
MPOeMOHCTPUPOBABIIIE CHUMKEHUEe KOH-
neurpanuu PA B KpoBu y 60sbHBIX PKY,
OBLTM O0HAIeKUBAIOIIIUMY U TOKA3aJIH, UTO
cmechk BHAK (Heo®e) MmoskeT yCIeITHO CHU-
3UTH KOHIleHTpaIuio @A B KPoBU Y OOJIBHBIX
DPKY (Matalon et al 2006). [TarnHoOe gBOIIHOE
cJemoe MCCJeOBaHMWE MHOATBEDPIKIAeT Ipe-
IBITYINTE BBIBOAELI 0 ToM, uTo BHAK moryT
OBITH WMCIIOJIBb30BAHBI JIA BCEX IAIMEeHTOB
c ®RY, HYy:KIaOIMNUXCA B CHUKEHUU KOH-
nmeHTpanuu @A B KPOBH.

ITanHeHTHI H METOABI

Tabaerku BHAK (Heo®e) Oblim 1mpe-
moctaBieHbl Prekulab (Kopcop, [lanus).
Cocra BHAK amnasormuen ommcaHHOMY
B oTKpbiTOM mccaemoBauuu (Matalon et al
2006). Tabmerxu maaiebo IIOCTABJIAINCH
TOI JKe KOMIIaHWeil M ObIIN HIeHTHUUYHBI
o pasMepy M BHelnlHemy Bupy. ILmzare6o
coflepsKaja MOHOTHIpPAT JIAKTO3bl, MHKPO-
KPUCTAJINUECKYIO ITeJLII0JI03Y U KOJIJIOUT-
HBIU T'IAPaTUPOBAHHLIA JUOKCUL KPEeMHUI.

ITamuenTs ¢ PKY 6b1y1 HaOpaHBI B IIIECTH
neHTpax: Kadenpa nesuarpuul MeSUIUH-
cKoro orzesnenus TexaccKoro yHHUBEpPCUTE-
Ta, JeTcKad OoybHHIIA, l'aJBecToH, IIITAT
Texac, CIIA; WHCTUTYT KJINHUYECKON
TeHeTUKU XapbKOBCKOTO TOCYIapCTBEHHO-
ro MeJUIMHCKOro YHUBepcuTeTa, XapbKoB,
VKpauHa; oTheseHUMe KJIWHUYECKOI TeHe-
Tuku VHCTUTYyTA OeguaTpuy U AeTCKOI
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xupypruu, MockBa, Poccus; Mwuianckuii
yHuUBepcurer, Tannsa; oTaesenne Hacae[-
CTBEHHBIX 00JIe3Hell OOMeHa BeIlleCTB U Ka-
denpa HeBPOJIOTHY, HEBPOJOTUUECKAA KJIH-
HUKa, YHUBEPCUTETCKaaA KAWmHuKa Ilamywu,
Wranusa; crnenmmaniu3upoBaHHBIN Jabopa-
TOPHO-AUATHOCTUYECKUN U aMOyJIaTOPHBINA
meHtp mo mnpopunarkture/APAE, Pwuo-ge-
Haneitpo, Bpasunusa. IlanmueHThI, BKJIIO-
YeHHBIEe B HcclemoBanue, crpazaau PKY
¥ OBLIM OOCTATOYHO B3POCJBIMU, UTOOBI
ImporJaThIBaTh TabgeTku. Ka:Kabiii maimm-
eHT Iepea BKJIOUEHMEM B HCCJIeTOBaHUE
MOATNCANT MHCTUTYIIUOHAIHLHO YTBEP:KICH-
HOe nHPOPMUPOBAHHOE COIJIacue.

B wmccinemosanuu yuactBoBaJsio 20 marmm-
eHToB (12 KeHIUHE M 8 MYy:KUMH) B BO3pa-
cre or 11 mo 32 mer. 4 mamueHnTa ObLIN U3
CIITA, 5 u3 Ykpaunbel, 1 us Munaua, 2 us
IManyn, 2 w3 Bpasuauum m 6 us Poccun.
¥V Bcex MaIMeHTOB 3a UCKJIIOUYEHNEM OTHOTO
obL1a Kaaccuueckas popma PKY coraacuo
KJINHUYECKOH KJaccupuKamuu Ha OCHOBE
MCXOOHOU KoHIleHTparuu PA u reHoTHIIA.

ITanueHTOB HIPOMHCTPYKTHUPOBAJIHU IIPO-
IOJI2KaTh COOIOIeHe AUeThl, KaK U 0 BBe-
neHusa B uccaenoBanue. JlosupoBka BHAK
6er1a 0,5 r/Kr/cyT B Tpu IpueMa BO BpeMsA
ebl, YTO COCTABJIAET OKOJIO OTHOI TabJier-
KM Ha KI' Macchl Tejaa B cyTKu. TabGieTKu
mramneb0 Ha3HAYAJINCH B TOH JKe JO3UPOBKE.
JdTa mo3a OblIa TPUeMJIEeMOM, M HaIleHTEI
BBIIIOJIHSAJIN YCJIOBUA JieueHus. HasHauenue
maanebo W 3KCIePUMEHTAJILHOTO JeUeHUS

OBLIIO CJYYailHBIM U HEM3BECTHBIM IIallMeH-
Ty 1 JeualeMmy Bpauy. KoHTpoJIb 3a BBITIOJI-
HEHWEeM W PaHAOMHUIAIUell OCYIIeCTBJIAI-
cA IeHTpaMm MeTaboamuecKux 3abojieBa-
Huii. Ucxomubie ypoBHU PA ompenendninich
B TpPexX OTHAEJNBbHBIX CJydYadX MO0 aKTUBHO-
ro ydacTus B uccjemoBanuu. VM cXOmHBII
YPOBEHB ABJIAJCA TOUKOI CPpaBHEHUS TEKY-
miero JieyeHus NAIl[MeHTa U ABOWHOTO cJje-
moro uccjaemoBaHusa. IlanmmeHTHl TpUHUMA-
au TabJeTKu, coaep:kaiime Jambo ILaie-
60, au6o HeodPe, u nBa pasa B HemeJIO
Yy HUX ompenensanu ypoBeHb @A B KpOBHU.
B xaxkoM 1ieHTpe 3a60P KPOBY MPOBOAMJICS
Ipu KasKJIO0M BU3UTE B OJHO U TO »Ke Bpemd,
KaK IIpaBWJIO, Yepes3 JBa Yaca IIOCJe eJbl.
¥V mamuenTOB ObLiIa OMHA HeeJd IepepbiBa
o cienylollieil HemeJaW JIBOWHOTO CJIETO-
ro, IePeKPeCcTHOTO MCCJIeJOBAHUSA. ¥ POBEHb
®A B KpOBU BHOBBL OIleHMBAJU B Hadaje
¥ IBa pas3a B HeJeJIIO B TeUeHre BTOPOro 9Tara.

ITapubie t-KpurTepmm OBIIM HCIIOJIH30BA-
HBI OJIA OIleHKM M3MEeHeHUA 3HAUeHUN OT
VCXOJTHOTO YPOBHSA C Mpoueaypoin t-wpu-
Tepusa C TNpPUMEHEHHEeM CTaTHUCTUYECKO-
ro mporpamMMHOro obecmeuenusa SAS (SAS
Institute, 2004).

Pe3yAbTaThl

B koHIe [aBOIHOTO ciemoro ucciiefoBa-
HUA pe3yJbTaThl ObLIM OOGHAPOJZOBAHEI.
Kounernrpanua @A B kpoBu y 20 namueHTOB
U3 BceX IIeHTPOB, YIaCTBYIOIIUX B HCCIELO0-
Bauuu, npu npueme BHAK (Heo®e) B 103e

YpoBeHb PA B KpoBu 20 naumeHTOB

¢ ®KY npu npueme Heode

—— E280K/E280K
—®— F299C/IVS2ntgl>a

F299C/-
—><—165T/R408W

—¥— R408W/ R252W

—@— Genotype ND

+ R408W/ R408W
R408W/ R408W

1800
1600 =
1400
1000 o

MKMonb/an

R261X/R408W
R158Q/-
R408W/ R408W

—_— "
800 - =——
600 - —

R261Q / R408W

400 =-— e R408W/ R408W
200 - Genotype ND
Genotype ND
0 Genotype ND
1 2 Genotype ND

UcxopHbI ypoBeHb

Yepes Hegento 3
npuema Heo®e

R408W/R408W
R408W/R408W
Genotype ND

Puc. 1. Yposenv P A 6 kposu 20 6onvnvix PRY uwepes nedenio npuema Heo®e. Cpednas konyenmpayus PA
6 Kpo6u, cocmasuéwan é Hawane ucciedosarnus 932,9 mremons/n, chuzunace 0o 568,4 mxmonv/n (cpednee
cruxicenue — 364,5 cmandapmnoe omrnonernue = 232,2, p < 0,0001).Y 7 nayuenmos cpednuii ucxodnvii
noxasamens, cocmaguéwut 531,6 mxmonsv/n, chudunca do 281,5 memons/n (cpednee chuscenue — 250,1,

cmandapmnoe omkaonernue = 73,7, p = 0,009)
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0,5 r/Kr/cyrT B3HAUYNTEJbLHO CHUBUJIACD.
CpemuaaxouneHTpanusaP®ABKPOBUBHAUATE
HCCJIeNOBAHNUSA, N3MEPEHHASI B TPEX OTAEJIb-
HBIX CJIy4asax, cocraBuia 932,9 MKMOJIb/JI.
B Teuenme Hemenu mnpuema Heo®Pe, Kak
moKasaHO Ha puc. 1, cpegHAas KOHIIEHTpa-
nusa PA B KpoBu cHuU3UJIACh Ha 39 % — 1o
568,4 MKMoJab/n (cpemHee CHUKEHHE —
364,5; craugapTHOe OTKJOHeHUEe = 233,2),
4YTO0 OBLJIO CTATHCTHYECKH 3HAUNMBIMU
(p <0,0001). ¥V 7 marmmueHTOB ¢ KJIaCCUUECKOI
dopmoit PKY, KoTOpble IPUIAEP;KUBATIUCH
JeYeHUus C IPUEeMOM CMeCH IJs OOJBHBIX
DKV, mpu npueme Heo®e Takxe mpoieMOH-
CTPUPOBAHO CHUKEHMe KOHIleHTparuu DA
B KPOBU C UICXOTHOTO YPOBHA 531,6 MKMOJIB/JI
mo 281,5 MKMoJIb/J (CpefHee CHUMKeHUE —
250,1; crammapTHOe OoTKJOHeHHMe = 173,7;
p = 0,009) (puc. 1).

PesybTaTe ncc/Ie0BaHNS C IPUMEHEHEeM
maare6o MoKasaan HesHaUnTe IbHbIe U3MeHe-
HuA KoHIeHTpanuu @A B KpOBH II0 CpaBHe-
HUIO C ICXOIHBIM ypoBHEM. CpeHsA KOHIIEH-
Tpanua @A B KpoBU, KaK ITOKa3aHO Ha PUC. 2,
cHM3miaack Ha 5,4 % — ¢ 932,9 MKMOJIb/JI
o 882,66 MKMOJIB/JI, UTO HE ABJIAETCA CTa-
TucTHUecKU 3HaUUMbBIM (p = 0,07).

OOcyxaenue

Kak ykasamo B HemaBHEM OOKJIaZe OIHO-
HeJIeJbHOTO OTKPBLITOTO MCCJIeTOBAHUS
npumenenuss BHAK, xonmenrpamma PA

B KpoBu marueHToB ¢ PKY cHusuimach 6e3
Kakux-ambo usmenenwuii B amerte (Matalon
et al 2006). 9t pesyabraTbl ObLIN OOHA-
IEeKUBAIONIMMU, ¥ TPEACTABIAIU Tep-
CIIEKTUBBI HOBOTO ciiocoba Tepamuu PKY.
CobOmronenne guernl namuenramu ¢ PKY
Cc BO3pacToM ocisiabeBaeT, M 9TO CBSIZAHO
C HEPBHO-ICUXWUYECKUMU HAPYIIeHUAMU
(Burgard et al 1997; Diamond 2001; Fisch
et al 1995; Griffiths et al 1995; Lou et al
1985; Michals et al 1988; Pietz et al 1998;
Smith et al 1978; Thompson et al 1990).
ITo mamubIM KOoH(pepeHY HalmoHaIbHBIX
uHcTUTyTOB 310poBha (NIH 2001), vy moa-
POCTKOB KOHIIeHTpanusa ®A B KPOBU JOJIK-
Ha cocTaBiaATh 120—600 MKMOIB/J, BTOTO
YPOBHSA TPYAHO AOCTHUYL y AETeH cTapIiero
Bospacrta u B3pocabix (Walter et al 2002).
Y HEKOTOpBHIX MNAaIWeHTOB YypoBeHb DA
B KPOBU MOJKHO CHHU3HUTh BBEeJIeHUEM TeTpa-
ruapobuonTepuua (BH4), ommaxko 060Jib-
IMINHCTBO MHAI[MEHTOB OYAYT IIO-IIPEeKHEMY
HYKIATLCS B O1eTe ¢ orpaHmuenueM DA,
¥ TOJILKO IaITUEeHTEI ¢ JIeTKoii hopmoit PKY
OJIYUAT MIPEUMYINEeCTBO OT IPUMEHEHU
BH4 B xauectBe monHoTepanuu (Blau and
Trefz 2002; Kure et al 1999; Lindner et al
2003a,b; Matalon et al 2002, 2004; Muntau
et al 2002; Trefz et al 2000, 2001; Weglage
et al 2002).

Panee ucciegoBanusi BHAK B Tepanun
DKV ObLIu cocpemoTOUeHbI Ha TPaHCIIOPTE

YpoBeHb PA B KpoBu 20 naumeHToB ¢ DKY

npu npuveme nnawueo6o

—&— E280K/E280K
—B— F299C/IVSntgl>a

1800 F299C/-
1600 — 165T/R408W
\. —¥— R408W/ R252W
1400 T —&— Genotype ND
1200 e — — R408W / R408W
i — \_c\x — - R408W/ R408W
2 1000 - T R261X/R408W
g 800 R158Q-
g 600 R408W / R408W
— R261Q/ R408W
400 R408W / R408W
200 Genotype ND
Genotype ND
0 Genotype ND
1 2 Genotype ND

WcxoaHbIi ypoBeHb

Yepes Hegento
npuema Heo®e

R408W/R408W
R408W/R408W
Genotype ND

Puc. 2. Yposenv P A 6 kposu 20 6onvnvix PKY nocne nedenu nepepoviéa. Hexodnan cpednas KoHyenmpayus
DA 6 kposu, cocmasusuwan 932,9 mxmons/n, chudunace na 5,4 % — do 882,6 mxmons/n

(cmamucmuiecku HedocmoeepHo)
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®A B romoBHO# Mmo3r. VcnblTanus ¢ opu-
MeHeHUeM y manmeHToB ¢ PKY Tumposuma
B KoHrmeHTpanuu 160 Mr/xr mokasaim yBe-
JuueHme o0beMa BHUMAHWUS U CUHTe3a Heii-
poMearaTopoOB, UTO OIEHUBAJIOCH IO MeTabo-
JIUTaM HEWPOMEIUATOPOB B CIIMHHOMO3TOBOM
skuaroctu (Lou et al 1985). Tem He memee,
B muccyienoBadumu Pietz m rosuter (1995) mpu
mpumeHeHun 100 Mr/Kr TMpo3WHA B TEUEHWE
YeThIpeX HenesIb 24 paHee IOIyJaBIINM Jiede-
Hue nanmeHTam ¢ PKY yaydmieHus mcuxo-
HEBPOJIOTMYECKOTO CTaTyca He HabJII0AaI0Ch.

IIpuMeHeHUEe B HCCIEMOBAHUAX BaJdHAa
B KoHIleHTpanuu 150 Mr/Kr, usoseinuaa —
150 mr/kr u geimmaa — 200 mr/xr (BHAJI)
MIPUBEJIO0 K CYIIeCTBEHHOMY CHUKEHUIO
ypoBHA PA B CIMHHOMO3TOBOH KUIKOCTH,
HO HapAAY CO CHUKEHHEM YPOBHS THUPO3U-
Ha. IlepBoe mcciaenoanme BHAK B Tepa-
nuu @KV OblI0 IpOoBemeHO C MCI0JIb30Ba-
uuem cmecu BHAK 6e3 tnsuna — PreKUnil
(Dotremont et al 1995). Yersipe namuesTa
B T€UEHUE MecAlla IoJyJYasu JeueHune ¢ Ipu-
menenmem cmecu BHAK B moze 0,8 r/xr
¥ AUEThI C HUBKUM COJiepsKaHueM 0eJIKOB —
0,6 r/kr. Tepanus npuBeja K OTPUIATEb-
HOMY OaJjiaHCy a30Ta BeJeAcTBUe AeduimnuTa
JIU3UHA, YTO YKA3bIBAeT HA HEIPUTOIHOCTH
TaKoro cocrapa njs tepanuu PKY.

B macrosmem wuccaemosanuu BHAK pac-
cMmaTrpuBaercs ImepeHoc PA U3 KeyTOUHO-
KHUIIIEYHOTO TpakTa, rme K TparcmopTHOro
Oeska Ha JBa IMOPAAKA IIPEBHIIIAeT aHAJIOTHAY-
Hoe 3HaueHwe A ['OB. MuTepecHo, uTo TOT
JKe CaMbIli TPAHCIIOPTHBIN GEJIOK IIePEHOCUT
ausuH u apruauH (Hidalgo and Borchardt
1990; Larsen et al 1964; Pardridge 1982).
IxcnepumenTtsl Hidalgo u xosmmer (1990) Ha
MOHOCJIO€ SIIUTEJNATLHBIX KJIETOK KUITeUHN-
KauesnoBeka (yaus Caco-2) ¢ 6ygepom, comep-
Kamumm 10 MKMours/1 @A, TPOIEMOHCTPHPO-
BaJIM 3HAUUTEHHOE TOPMOKEeHIe TPaHCIopTa
DA, Ttpebdyromiee 100-kpaTHOoro (1 Mmosb/J1)
rkonuuectBa BHAK cormacuo dopmyne K o
st cpogeTBa BHAK K TpaHcmopTHOMY OEIKY
B JKeJIYIOYHO-KUIIeYHOM TpakTe. Hampumep,
B TAKOM KOHIIEHTPAIINU JIEUIINH MHTHUONPYET
TparcmopT PA ua 55 %, Tuposus — Ha 45 %
¥ KaTHUOHHAS aMWHOKMCJIOTa JU3WH — Ha
50 % . Kourypeumnusa BHAK ¢ @A, BepoaTHO,
MIPOUCXOAUT B KeJTYA0UHO-KUIIIEUHOM TPaKTe
TOJBKO B cayuae BBemenuss BHAK B BuIicoKoi
KOHITeHTpanuu. MBI TPOAEeMOHCTPUPOBATINA
Ha Mbimax ¢ @PKY craTucTuyecKky 3HAUMMOE
CHM)KeHme KoHmeHTpanmum PA B KpoBU mpu
To0aBIEHUY B HOPMAJIBHBIH KOPM JKUBOTHBIM
16,7 % BHAK (Matalon et al 2003).
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Vemex OTKPBITOTO MCCIENOBAHUSA IIPUMe-
meuua BHAK (Matalon et al 2006) maa
CHUKEeHUsA KoHIleHTpanuu PA B KpoBHU
nanuenTos ¢ PKY mpexmosaraer, uTo mepe-
HOC TPaHCHOPTHHIM OeskomM DA us xeiy-
ITOYHO-KHUIIIEUHOTO TPAKTa B KPOBb MOJKET
NHTUOMPOBATLCA. Pe3yJbTaThbl ABOWHOTO
CJIETIOTO WCCJIEJTOBAHUSA YETKO ITOKA3hIBAIOT
3HAUNTEJbHOE CHUKEHWEe KOHIeHTpaIuu
@A B kpoBu npu npueme BHAK (Heo®e).
Cuu:xeHne KoHIleHTpanuu @A oTMeduaaoch
y HaI[MeHTOB IIeCTH YYaCTBYIOI[UX B HCCJIe-
IOBAHUU IIEHTPOB MeTaboInuecKux 3aboe-
Bauuii. Bojee HuM3Kas KoHIeHTparusa PA
HabOJOaIachk y 7 MalMeHTOB C KJiaccuye-
cxoii opmoit ®PKY, KoTopble IpUIEPIKU-
BaJuch 0e30eIKOBOM OUETHI W IOJydasu
cMech s JieueHHA OoabHBIX DPKY, —
y HUX CpeIHss KOHIeHTpanusa @A B Kposu,
cocraBuBIas 531,6 MKMOJIb/JI, CHU3WJIACH
no 281,5 mxMmoab/n (cpegHee CHUMKEHUE
250,1 MKMOJIB/JI, CTaHJAapPTHOE OTKJIOHE-
HEue = = 173,7, p = 0,009) (puc. 1). Cuu-
KeHue @A B KpPOBU y 3THX 7 IAIUEHTOB
cocraBmiio 47 %, UTO ABJSAETCA CTATUCTU-
YeCKU 3HAUMMBIM.

Broosnae Bosmosxuo, uto BHAK mosxer
CIIOCOOCTBOBATEL JIyulllell yrtuiausamuu DA
WUIN IpyromMy aHaboamueckomMy 3(pQeKTy.
Tem He MeHee, aHaboJIMUeCKOTO 3(dpderTa
npu poJsarocpounom mnpuMeHeHuu BHAK
y meimreii ¢ PKY me Hab1101a10Ch.

BayXHO HOAYEpKHYTh, UTO IPHMMEHEHNe
BHAK wmoKeT CHUBUTL KOHIIEHTPAIUIO
@A B xpoBu y Bcex 6onbHBIX PKY. Tarkue
pesyJabTaThl He HaOJI0AAI0TCS IPU JIeUeHU N
¢ momoIrnbio BH4, Korga oTBeT B OCHOBHOM
UMeeT MECTO Yy MAaIlMeHTOB C JIeTKOM WJIu
arunuuHoii hopmoit PKY. Takum ob6paszom,
BHAK npexnnaraerca B KauecTBe HOBOTO
cuocoba Tepanuu PKY B cayuasx, xorga
ISl CHUKeHUSA KoHleHTpanuu ®A B KpoBu
npuMeHeHUe TPagUIlMOHHON 0e30eIK0BOM
oueThl U cMecu aid JeueHusa @PKY ne mpu-
HOCHUT ycIiexa.

IlpuseneHHble MgaHHBIE IIPEIIIOIATAIOT
HEeOOXOAUMOCTL OJITOCPOUYHBIX MCCJIEN0-
Banuiit BHAK (Heo®e) nns ycramoBieHUA
0e301IIaCHOCTH, JOJTOCPOUYHOI 3(hheKTUBHO-
cT u mupuemieMocTu. KosuduecTBo Impu-
HUMaeMbIX TabJIETOK BeJINKO; BO3MOXKHO,
YTO IIPU YCOBEPIIEHCTBOBAHUM TEXHOJOIMU
npousBoactsa BHAK cMoryTt ObITH mpemo-
CTaBJIEHBI B BUJE MOPOIIKA UJIU JKeBaTelb-
HOIl (opMBI ¢ 6oJiee MHPUBJIEKATEJIBHBIM
BKycoM, uTo caeaaer npueMm BHAK Goiee
IpUEeMJIEMBIM JJIS IaleHTOB.
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