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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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MOJIEKYJISIPHO-TEHETUYECKHE ACIIEKTbBI PA3BUTHS
METHJIMAJIOHOBOM AIITUIYPHUU (OB30P)

Kapmaxanosa [.M., 'Ceipabi6aeBa JI.M., 'Kononen B.H., *Hyp6ayauna J.5., ’baiikagamosa JI.H.

13anaono-Kazaxcmanckuii meduyunckuil ynugepcumem um. Mapama Ocnanosa, 'kagedpa monexynapnoir ouono2uu
U MEOUYUHCKOU 2enemuKi, *kagedpa obweti spauednoti npakmuxu Ne2, SMeouyunckuil yenmp Axkmooe, Kazaxcman

MetunmanoHoBas auuaypus (MMA) - reHeTHUecKu rere-
poreHHoe 3aboyieBaHME M3 TPYIIbl OPraHUUECKHUX alUAypHH,
00yCJIOBICHHOE HapylIeHHeM MeTa0oau3Ma MEeTHIMAJIOHO-
BOM KHUCJIOTBI M KoOasiamuna (Butamuna B ) ¢ wactoroii 1:50000
HOBOpOXIeHHBIX. [Ipy MMA mnpoucxoaut HapyuieHne oOMeHa
MPOIMHOHATOB HA YPOBHE MpeBpalieHus MeTHIManoHun-KoA B
cykimHII-KoA, a Taroke HapyleHHe MeTaboIn3Ma aMUHOKHCIIOT
C Pa3BETBIIEHHOH 11EMbI0 (MPEAIIECTBEHHUKN MPOMUOHATOB: H30-
JICHINH, BaJIMH, METHOHHH, TPEOHHH), JKMPHBIX KHCIIOT C He4er-
HBIM UHCIIOM aTOMOB yIlieposia U XornecTepuHa [5,16]. Beinenstor
1Be ocHOBHBIE (hopmbl MMA: m3onmpoBanHyto MMA 1 KoMOUHY-
poBaHHYI0 MMA ¢ roOMOLMCTHHYPHEH/TOMOLIICTHHEMHUEH.

MMA o6ycnoBnens! redunnrom (mutQ 1 mut- MOATUIIE) MU-
TOXOHApUaIbHOTO (epmenta L-metmimanonun-KoA-myrassl
(MCM), HapyuieHUsIMH CHHTe3a KodakTopa AaHHOTO (hepMeH-
Ta (5-ameHo3unkobanamuna: moarunsl MMA cblA, cblB, cblC,
cblID, cblF, cblJ u cblX), a Takke HEAOCTATOUHOCTHIO METHIIMA-
nonun-KoA-snumepasst [4,13,36,47,51,53].

M3onuposanusie MMA 00yciiOBIEHB! B OCHOBHOM MYTallU-
amu B reHax: MUT, MMMA n MMAB (noxtunst MMA mut,
cblA, cbIB), Te. nedexkToM MHTOXOHIpPHATIBHOTO (epMeHTa
MCM wuinn HapyIIeHHSMH CHHTE3a aJeHO3MIKoOamaMuHa (Ha-
pyluieHue MeTabonusma BuTaMuHa B, ). HeodXonmmo oTMeTHTh,
YTO JUISt JICYEHUS N30JIMPOBAaHHBIX MMA NPUMEHSIOT THAPOKHU-
ckobanamun (BUTaMuH B ) n crienmanuzupoBanHoe jeuebHoe
nutanue [5,57].

MMA noxruna mut0 u mut- BeI3BaHbl MyTanueii resa MUT
(MUT 609058; OMIM: 251000), kKapTHpOBaHHOTO Ha XPOMOCO-
me 6p12.3 (https://www.omim.org/entry/609058). I'en coctout
u3 13 5k30HOB, uneHTH(UINPOBaHO 386 MyTaIMii JaHHOTO TeHa
(MHCCEHC, HOHCEHC, CIUTalC callT MyTauuu, AeJeLuy, HHCEep-
un). Tun mytanun mutQ) IPUBOAUT K MOJTHOMY IPEKpaIleHHIO
cuHTe3a L-mermnmanonmn-KoA-myTassl M XapaKTepHU3yeTcs
Hanbosiee TSHKEJIBIMU KIMHUYECKUMH MPOSIBICHUSIMU M HeOJa-
TONPHUATHBIM POTHO30M, TOTJA KaK THIT MyTallMH{ mut- MPUBO-
JIT K HU3KOHM ocTaTo4HON akTBHOCTH (hepmeHTa MCM u pas-
BUTHIO Oostee nerkux Gpopm MMA.

MCM (aneHo3mnK00aIaMUH-3aBUCUMBIN (DepPMEHT) BBINOJ-
HACT (DYHKIHMIO M30MEpH3aliM MeTHIMAIOHMI-KOA B Cykuu-
HII-KOA 171 BOBJIeUeHMS B LIUKJI TPUKAPOOHOBBIX KHCIOT [57].

Buoxumuuecky 3aboeBaHie XapaKTepU3yeTCs HaKOIIEHHeM
MeTunManoHoBoi kuciotsl (MMK) u npomnmonara, 3-rugpox-
CHIIPOIIMOHATA U 2-METHJILUTPATa BBUJLY aKTHBALIMU aJIbTEpHA-
THUBHBIX ITyT€il OKHCIICHUS IPONTHOHATA.

[Tontum MMA cblA oOycnoBnen Myranueil rena MMAA
(607481) na xpomocome 4q31.21 (OMIM: 251100); moarun
MMA cblB pazsuBaercs npu myraiuu rena MMAB (607568)
Ha xpomocome 12q24.11. M3yuas pyHnaMeHTaIbHbIE MEXaHHU3-
MbI pa3BuTusi MMA cblA tuna Pless] T. u coaBTops! ycTaHOBH-
i, 4to Bce Mytauun MMAA (uaentuduiuposano 80 myra-
1Mi1) CUIIBHO CHIDKAIOT (DyHKIMOHAIBHYO acconuaruio ¢ MUT
¥ HPEISTCTBYIOT Nepesiaye KopepMeHTa afeHo3mIKobaIaMruHa
or MMAB k MUT [44].

I'en MMAB (OMIM: 251110; 42 myTtanuu) KOIupyeT Ko-
6anamunanenosmwitpancdepasy (EC 2.5.1.17), xoropas kara-
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JM3UPYET 3aKIIFOYUTEINIBHBIA dTar CHHTe3a Ko(pakTopa aJeHo-
3mIKo0aIaMMHa: EPeHOC a/IeHO3WIbHOI rpynmbl o1 AT® Ha
kobanamuH ¢ obpasoBanueM AdoCbl (https://www.omim.org/
entry/607568). Penko Bctpeuyaetcs popma MMA, cBsi3aHHas ¢
HEJI0CTAaTOYHOCThIO perentopa TpaHckobanamuna (TCN2) na
niasMatuueckoit MemOpane u MyTtanuei rena CD320, koTopblii
KapTHpoBaH Ha xpomocome 19p13.2. (OMIM 613646) [57].

Kom6uuupoBanusle MMA ¢ TOMOLMCTHHYpHEH/TOMOIH-
CTUHEMHEll BO3HMKAIOT B pe3ynbrare JedexToB Merabonusme
U BHYTPHKIJICTOUHOTO IEpeMeIleHHs KobalaMMHa C y4acTH-
€M HECKOJBKUX TeHOB Onorenesa mutoxonapuit: MMACHC,
MMADHC, LMBRD1, ABCD4 u xapakTepu3ytoTcs OBBIIIEH-
HBIM YPOBHEM I'OMOLIMCTEHNHA U CHUKEHBIM YPOBHEM aICHO3UJI-
kobanamuHa (AdoCbl) n merunkobanamuna (MeCbl), kotopsie
ciyxar kodakropamu MCM 1 IUTO307bHOTO (hPepMEHTA METHO-
HMHCHHTA3bl COOTBETCTBEHHO.

MMA c¢ romonuctunypueil Tuna cblC BbI3BaHa MyTanuen
resa MMACHC (OMIM 277400), xkapTUpOBaHHOTO Ha Xpo-
mMocome 1p34.1 [https://www.omim.org/entry/609831]. Wnen-
tudumposansl 107 myranuit rena MMACHC (muccenc,
HOHCEHC, MyTalluu caiTa CIIaliCUHra, WHCEPLMH, ACNELHHN).
benok, koaupyemelii JaHHBIM T€HOM, ACHCTBYET KaK LIarepoH
BHYTPUKJICTOYHOTO TpPAHCIOpTa KoOajlaMUHA, KaTalu3HpyeT
rytatioH-(GSH-)-3aBucuMoe ieanKuiIupoBaHie alKHiIKoOa-
JIJAMUHOB U BOCCTAHOBUTEJIBHYIO PEAKLUIO ACHUAaHUPOBAHUSA
1aHokoOamaMuHa, o0pasys KoOaJaMHUH, KOTOPBIH SIBISETCS
HN3BCCTHBIM Cy6CTpaTOM JJIA AaCCUMUWJIALIMN B AaKTUBHBIC (l)OprI
kogaxropa MeCbl u AdoCbl [30,31,57].

I'en MMADHC, nokanu3oBaHHbIH Ha Xpomocome 2q32.2,
KOJMpYeT OeJIOK, y4aCTBYIOLIN B HAYaIbHBIX CTAANSIX METa0o0-
au3ma kobanamuna (OMIM: 277410). Unentuduunposano 17
MyTaluii reHa (MUCCEHC, HOHCEHC, Jiefiellny U nHcepuun). Bos-
MOXHBI TPU BapuaHTa pa3BUTUA (bCHOTI/Il'la Ipyu MyTalluu JaH-
Horo rexa: 1) MMA noarun cblD, 2) MMA ¢ roMolucTHHYpH-
eit Tuna cblD (cbID-MMA/HC), 3) romorctrHypust Trna cblD
(cbID-HC). B uccnenosanun Stucki, M. u coaBr 6bu10 mpose-
MOHCTPUPOBAHO, YTO Oenok, Koxupyemsiii reeom MMADHC,
COIEPXKUT pas3iInyHble AoMeHbl s cuHTe3a MeCbl n AdoCbl:
MyTaHTHBIE aJlIeNN, aCCOLMUPOBaHHbIe ¢ heHoTunom cblD-HC,
HPHUBOJAT K HapyuieHuto cuHte3a MeCbl, Torna kak mMyTaHT-
HbIe aJuIeny, cBs3aHHble ¢ penorunoMm MMA cblD cnocoGHbI
BOccTaHaBiuBarh cuHTe3 MeCbl; B KOMOMHHMPOBAHHBIX KIET-
kax cbID-MMA/HC axruBanus QyHKIun Oenka, KogupyeMmoro
rediom MMADHC, crocoGcTByeT yBelnnueHHIO 00pa3oBaHHs
AdoCbl u camxennto obpazosanust MeCbl [49].

MMA ¢ romonctunypueii tina cblF oGycnosiena myTarmei
redra LMBRD1 (OMIM: 277380), kapTHPOBaHHOTO Ha XpOMOCOME
6ql3. benok, KoaupyeMblii JaHHBIM I'€HOM, SBIISCTCS TIEPEHOCUU-
KOM KoOanaMuHa 4epe3 JIM30coMalbHble MeMOpaHsbI [48].

Myranus rena ABCD4 npuBoauT k passutiio MMA ¢ romo-
uctuHypueii cbl) Tuna (https://www.omim.org/entry/603214).
JlaHHBIN TeH JoKaau30BaH Ha xpomocome 14q24.3 (OMIM:
614857), xomupyer 0enok (C HECKOIbKUMH TPaHCMEMOpPaHHbI-
MH oMeHaMu U (yHKneid AT®-a3bl), KOTOPBIN y4acTByeT BO
BHYTPHUKJIETOYHOM TIpoueccunre utamuna B, [15]. B okcme-
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PUMEHTAJIBHOM HCCJICJOBAaHUU YYEHBIX M3 SIIIOHUM NPOJEMOH-
ctpupoBano, uto ABCD4 B3aumoneiictsyer ¢ 6enkom LMBD1:
i TpaHciokauuu ABCD4 u3 sHI0MIa3MaTn4eckoro peTuKy-
JymMa B JIM30coMBbI Tpebyetcst 6eoxk LMBD1 [25].

MMA c¢ runepromorucTiHeMueii tuma cblX sBisiercs
X-CICTUICHHBIM PELIECCUBHBIM HapyLIEHHEM MeTaboiu3ma, 00-
ycnosieHHbM MyTauueil rena HCFC1 na xpomocome Xq28. B
omtnume oT apyrux reHos, red HCFC1 He xomupyer depmeHT
Merabonn3ma KobalaMuHa, a SIBISETCS KOPETYISITOPOM TPaHC-
KpUIIUK (EpPMEHTOB, YYacTBYIOIIMX B MeTaboian3Me Kobaia-
muHa [23]. MyTrauuu JaHHOTO r'eHa HOJABJISIOT ero (GyHKIHIO B
aktuBanuu Tpanckpunuun MMACHC: B uccinenosanuu Yu HC
U COABT. BBIABJICHO 3HAUUTEIBHOE CHMIXKEHHUE 3KCIPECCHU KaK
MPHK MMACHC, Ttak u 6enka MMACHC B ¢ubpobnacrax
KOXKH OT HHIUBHAYYMOB ¢ cblX [55].

Jedunut Gpepmenta MeTuaMaIoHII-KoA-3mumepasbl, KOIH-
pyemoii renom MCEE (OMIM: 251120) Ha xpomocome 2p13.3,
MPUBOAMT K Jerkoit opme MMA [6].

Cunapom ucroieHus mutoxonapuansHoii JIHK pa3BuBaer-
cst ipu popme MMA, cBsizanHoi ¢ myTtanusimu renoB SUCLA2
(13q14.2) u SUCLGI (2pl1.2) xommuiexca cykumHHUI-KoA-
cunrerassl. ['en SUCLA2 (OMIM: 612073), xapTupoBaHHBIN
Ha xpomocome 13q14.2, xomupyeT b-cyObeAUHHILY CYKIIMHHUII-
KoA-cunteraspl, (epMeHTa MHUTOXOHAPUAIBLHOIO MaTpHKCa,
KOTOPBIN KaTalnu3upyeT oOpaTUMbIid cuHTe3 cyKuuHUI-KoA u3
cykiunara u KoA. I'en SUCLGI (OMIM: 245400), noxaiu3o-
BaH Ha xpoMocoMme 2pl1.2, kogupyer a-cyObeJUHULY MUTOXOH-
IpuanbHON cykuuHmI-KoA-cunrerasst [9,18]. V nmanueHToB ¢
myrtauusimu SUCLGI ormeuaeTcs ropasjio 0osee TsKenoe Teue-
HHe 3200JIeBaHNs B CPABHEHHH C MALMEHTaMH, UMEIOLIUMH MYy-
taruu B rene SUCLA?2 [42]. Tannbie popmber MMA oTHOCSTCS
K TPyIIIe MUTOXOHPHAIBHBIX dHIE(haTonaTHi.

Tun HacjenoBaHMS HPU BCEX ICHETHUECKUX BapUaHTaX 3a
uckiroueHneM MMA ¢ runepromorucruaemueii tuna cblX —
ayTOCOMHO-PELIECCUBHBIM.

[laroreneTnyeckre MeXaHU3Mbl pa3BUTUSA HEHPOTOKCHYE-
ckux dddexroB mpuy MMA 00ycloBIeHbl HHTPaMUTOXOHIPH-
QJIBHBIM HAKOIUICHHEM OPTaHUYECKHX KHUCIIOT BCIEACTBHE 0J10-
KHPOBKH KaTa®ojaM3Ma aMUHOKUCIOT. OpraHnuecKue KHCIOThI
OKa3bIBAIOT MHTUOMpYIOlee AeiiCTBHE HA JIBIXaTeNIbHYIO LICb,
LIUKJ TPUKapOOHOBBIX KHUCJIOT, MUTOXOHIPHAIBHYIO KpEeaTHH-
kuHa3y. llpoucxomut ucToleHHE MHUTOXOHAPHAIBHOIO IIyja
KoA u L-kapHuTHHA 32 CUeT 00pa30BaHUs CIIOKHBIX 3DHUPOB Op-
TaHUYECKUX KHUCIIOT C JaHHBIMHU COe€AMHEHUsAMH. Bce 3To npu-
BOJIUT K HapyIISHHUIO MpoLeccoB oOpazoBanus sHepruu. K ma-
TOJIOTHYECKUM MEXaHU3MaM, CIIOCOOCTBYIOLMM ITOBPEKICHUIO
HepBHOH cucteMbl pu MMA, OTHOCHUTCSI TakXKe OKCHJIaTHB-
HBI cTpecc Ha (hoHe 00pa30BaHMs PEaKTHBHBIX MOJICKYJ U CHHU-
JKEHUS! aHTHOKCUIIAHTHOI'O CTaTyca. DKCIEPUMEHTAIbHBIMU HC-
CJIEIOBAaHUSAMH yCTAHOBJIEHA MUTOXOHpUAJIbHASL TOKCUYHOCTh
MMK, B KOTOPBIX TPOJIEMOHCTPUPOBAHBI HAPYILICHUSI (DYHKIIUH
MHTOXOHJPHIA, TeHepalusl aKTUBHBIX (HOPM KHCIOpoIa U ApY-
rye BTOpU4YHbIe MeTabonnueckue Hapymenus [35,37,43]. B uc-
cienoannu Nizon M. u coast. [41,52] npu u3ydeHun oTaajIeH-
HBIX HEBPOJIOTMYECKUX HCXOJO0B y mauueHtoB ¢ MMA myrtem
MHTErpaluy KIMHUYECKUX, OMOXMMHUUYECKUX U T'€HETUYECKUX
JAHHBIX, YCTAQHOBJICHA IIOJIOKUTEJIbHAS KOPPEIALUS MEXIy
YPOBHSIMH HAaKaIlJIMBAaEMbIX OPraHUYECKUX KHUCIOT U UX 2(pupoB
¢ KoA u oTnaneHHbIMU HEBPOJIOTHUECKUMHU OCIOKHEHUAMH.

I[Ipu MMA HenocraToyHas AaKTHBHOCTb METHJIMAJIOHHII-
KoA-MyTa3bl NpUBOAUT K 3HAYUTEIBHOMY HAKOIUICHHIO Me-
TUJIMAJIOHOBOM M IIPOIMOHOBOM KHUCIIOT, a TAK)KE MPOU3BOIHBIX
nponuoHmwI-KoA, Takux kak 3-IrHApOKCUIIPOINOHAT, 2-METHII-
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LUTPAT (32 CYET aKTUBALIUU AJIbTEPHATUBHBIX IyTeH OKUCIICHUS
nponuoHara) U nponuoHmauiyH [10]. ITponnonun-KoA Ha-
KaIUIMBAETCs. U KOHBIOTHPYETCSl CO CBOOOJHBIM KapHHUTHHOM,
o0pazys nponuoHwiIkapHUTHH (C3). Aumnkapautus (C2), C3
1 MMK sBrstores Ouomapkepamu paHHed auarnoctuku MMA
B IIPpOrpaMMe HEOHATaJbHOI'O CKPHMHMHIA HAa HAcJEICTBEHHbIC
0oJsie3HM OOMEHaA BEUIECTB; JaHHbLIE METAOOJIMTHI IOJIAN0T-
Csl KOJIMUECTBEHHOH OIICHKE C IOMOLIbI0 METa0O0JIOMHYECKUX
IOJXOJIOB C HCIIOJIb30BAHUEM JKHIKOCTHOH Xpomarorpaduu-
TaH/JEMHOIl Macc-CIEeKTPOMETPUU HWJIM Ta30BOIl Xpomarorpa-
(UK-CIIEKTPOMETPUU B CYXMX IIITHAX KPOBH, IUIa3Me M MO4Ye
naruenTos [3,51].

Heo6xonuMo oTMETUTb, YTO NEPBOHAYAIBHO HCCIIEA0BATEH
aKLIEHTUPOBAJIM cBoe BHUMaHue Ha MMK kak nepBHYHOM TOK-
CHHE, TOT/Ia KaK B [IOCIIEIYIOUINX UCCIECIOBaHUAX paccMaTpyuBa-
JIM KITFOYEBYIO POJIb 3-THAPOKCUIIPONIMOHATA U 2-METHIILUTpaTa
B Pa3BUTUM PA3IMYHBIX BTOPUUYHBIX OMOXMMHUYECKHX H3MEHE-
HUH, HaOmonaemMbIx ipu MMA: MeTabonyeckuil keToanuuos,
JIAKTOALU/103, TUIEPIIMLUHEMHUs, BTOPUYHAsA I'MIIEpaMMOHME-
MHSI U TUTIIOTIIMKEMUSL. SIBISISICE MHTMOUTOPOM MHPYBaTKapOOK-
cuiasbl, MetriManonmi-KoA-myrasa Grnokupyer obpasoBaHue
okcasoarierara 1 hochoeHONHMpyBaTa, BAXKHOTO cyOcTpara st
DIIOKOHeoreHesa B medeHd, MMK Hapymaer TpaHCMHUTOXOH-
JIPUAJIbHBIA MaJIaTHBIM YEITHOK, 2-METHIIUTPAT U TPOITMOHUII-
KoA mHrHOHpYIOT IbIXaTeNIbHYIO LElb U LUK TPUKapOOHOBBIX
KHUCJIOT, CHOCOOCTBYS IPOIPECCUPOBAHUIO OMOIHEPreTHYECKUX
npobiem [38].

B uccnenosanun Costanzo M. 1 coaBT Ha KJIETOYHOI Moze-
1 usonupoaHHo MMA, momyueHHOH myTeM CTaGHIBHOIO
orkiroueHuss rena MUT B knerounoit nmuuuun HEK293 ¢ wuc-
I0JIb30BaHUEM TEXHOJIOTHH penakTipoBanus renoma CRISPR/
Cas9 mpoBelneH MPOTCOMHBIN aHAIM3 Ui OMUCAHUS OENIKO-
BBIX M3MEHCHMH, BO3HUKAIOIMX IIPU IOJHOM MOTEpe aKTUB-
HOCTH MeTuiManoHmI-KoA-myTa3sl.  PesynbraTsl  gaHHOTO
IPOTEOMHOIO aHalIW3a MPEJCTaBIAI0T HOBOE BUJCHHE HAa MO-
JICKYJISIPHBIE MEXaHU3MBbI KJIETOYHOIO MOBPEXKICHUS, BKIIIOYAs
U3MEHEHHs (MOAU(HUKALNIO) KICTOUHON apXHUTEKTyphl U MOp-
(oorun: yCTaHOBICHO, YTO B pE3ylbTaTe MyTallMd H3MEHe-
HbI TIPOLIECCHI, CBSI3aHHBIC C OpraHU3aLUell BHEKJICTOYHOIO
MaTpHUKca, IIUTOCKENIeTa, MEXKKICTOUHON aare3ueil u MexKIie-
TOYHBIX KOHTaKTOB [16]. BenencTBue HaKOMIEHUS! TOKCHYHBIX
MeTabOJIMTOB B MHUTOXOHAPHAIBLHOM MAaTPHUKCE Pa3BUBAIOTCA
CTPYKTYpHBIE, MOP(OJIOrHYECKIe HApyIIeHUs] B BHIE (HOPMH-
pOBaHUsT MEraMHUTOXOHIPHH, (pParMeHTHPOBAHHBIX KPHCT, a
TaKoke (QYHKIMOHAJBHBIC HAPYILCHUS, MPOSBISIOIINECS B U3-
MEHEHHUHM TOTEHIIMA]a MUTOXOHAPHAIBLHOH MEeMOpaHbI U SHEp-
reTuyeckoro Meradonusma [34]. IIpoTreoMHbIN aHaIKU3 BBIBUI
KOJINYECTBCHHBIC M3MEHEHHUs] MUTOXOHAPHAIBHBIX OEJIKOB, a
nocieayromuid OnonHpopMaTHIeCKUil aHaIu3 MHUTOXOHIPH-
aJIbHBIX OEJKOB - M3MEHEHHBIC CHUTHAJIBHBIC IIYTH, CBS3aHHBIC
¢ Ie(UIUTOM DHEPTUM U HApYIICHUEM OKHCIUTEIbHO-BOCCTA-
HOBHUTEIBHOTO romeocrasa [16,27]. Habmronanace akTuBarius
JKCIIPECCHU KapHUTUH mnambMmutomntpancepassr 11 (CPT2),
(depMeHTa KaTaJM3UPYIOIIEro MPeBpalleHne UTHHHOIeNouey-
HBIX AlWIKAPHUTHHOB OOpaTHO B JJIMHHOLICIIOYEUHBIC pa3-
HOBHJHOCTH anmi-KoA ¢ BO3BparoM KapHUTHHA B LIUTO30JIb,
nedurmt CPT2 sBnsercss NPUYMHON HapyLICHUH OKHCICHUS
KUpHBIX KucnoT [17,56]. Axrusamus CPT2 oOycrosiena rmo-
TPeOHOCTHIO B JOCTABKE JUIMHHOLICTIOYCUHBIX )KUPHBIX KUCIIOT B
MHTOXOHJIPUAJIbHBIM MAaTPUKC B Ka4eCTBE TOIUIMBA AJIS KJICTKH,
B CBSI3M C YeM, aKTUBALMs SKCIIPECCHU TPAHCIIOPTHOIO Oenka
JUIMHHOLICTIOYEYHBIX JKUPHBIX KucioT (SLC27A4) u aueHowm-
KoA-penykrazel (DECR1) cBuzmeTenbcTBYyeT O MOBBILIEHHOM
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CKOPOCTH OKHCJICHHUS JKUPHBIX KHCIO0T. Kpome Toro, akTuBanus
CPT2 yBennuuBaeT NpoM3BOJCTBO aKTHBHBIX (OpM KHCIOpO/Ia,
YTO CHOCOOCTBYET HMOBpEXkIeHUIO KIETOK [8]. [IporeomHbIil 1
OronH(pOpPMaTHUSCKUH aHAIIM3 [TOKa3aJl H3MEHEHUSI BE3UKYJISIP-
HOT'O TPAHCIIOPTa B KJIETKAaX IPU MyTalMK mut, IPOsBIIAIOIIHU-
€Csl B CHIDKEHHMH DKCIpeccur OelKoB MeMOpaH (aronuTapHbIX
BE3HKYJI, KoMIUIeKca [0bIkH, ayTodarocom, ayToIM30COM, 4TO
CBsI3aHO C AUCQYHKIHEH MUTOXOHIpH [16].

Knuangeckas kapruna uzonuposaHHoii MMA Bapeupyer B
npenenax oOT TsDKEJIOW HeOHATalbHOM (OPMBI C OCTPBIM Haya-
JIOM M KPU30BBIM TEYCHHEM C KETOALUI030M, JeTaprueH, sHIe-
(asonarueii, remaroMerajirei u 3aJepiKKoi pa3BUTHs, 10 Ooiee
Jierkoi popMBI ¢ MO3JHUM HAYaJIOM ¥ MEHEE CePhe3HBIM HEBPO-
JIOTMYECKUM HCcX0onoM. OCTpble HPHUCTYIBI CONPOBOXKIAIOTCS
PBOTOI1, OTKa30M OT €[Ibl, BAJIOCTbIO, TUIIOTOHUEH, HApyIIEHUEM
JIBIXaHUsI, COHITUBOCTHIO, TUIOXON MpuOaBKoil Macchl Tena. Me-
TabOJIMYECKUE KPU3bl MPOBOLMPYIOTCS (aKTOpamu, KOTOpbIE
HPHUBOIAT K YCWJICHHIO MPOLECCOB KJIETOYHOro Karabonm3ma
(MHTEepKyppeHTHbIe MH(EKIMHU, BaKIMHALMS, HpueM Oelka H
JIUNUAOB B OOJIBIIOM KosimuecTBe). HakoruieHne opraHuyeckux
KUCJIOT U UX NPOU3BOAHBIX NMPUBOJUT K PA3BUTHUIO TSXKEIOIO
MeTabOoINYeCKOro KeToalu103a, ¢ MOCJIeayIOIel runepaMmmo-
HUEMHEH, TUIIOITMKEMHUEH, TUIIepIIIUIMHeMuel. Bpicokas KoH-
LEHTpaLys B KPOBU NponuoHWIKapHuTHHA (C3) U ycuieHHas
€ro Mo4yevHasi HKCKpPELHsi CHOCOOCTBYET MCTOIICHHIO 3alacoB
KapHUTHHA M Pa3BUTHIO €0 BTOPUYHOrO Aedurmra. boabumH-
CTBO OCJIO)KHEHUH (HEBPOJIOIMUYECKUE UBMEHEHHUS U JIBUTATEIb-
Hble HapyleHns1) MMA BO3HHKAeT B pe3yJsIbTaTe MOBPEKACHUS
roJOoBHOro Mosra. HeBposorudeckue NposiBICHUS CBSI3aHbI C
HapyIIeHUEM MHUTOXOHJPUAILHOIO OKUCIUTEIBHOIO MeTado-
m3Ma. J{ucdyHKIMs MUTOXOHAPHUN pa3BHBAeTCs B Pe3yJibTare
UHrHONpPOBaHMs crielpUIecKuX PEpPMEHTOB U TPAHCIIOPTEPOB,
OTpaHUUYCHUS JOCTYIHOCTU CyOCTpPaToB AJIsI MHUTOXOHIpPHAIb-
HBIX METa0OINYECKHX IyTeil U OKHCIUTENBEHOTO MOBPEKICHHS
[40]. K ocTpbIM U3MEHEHHSIM B TOJIOBHOM MO3I'€ MTPUBOMAT TaK-
K€ OJHOBPEMEHHO pa3BUBAOLIMECS THIIEpaMMOHEMHUS, alli03,
oTeK Mo3ra, runonepdysusi, crocoOCTBYOLIME HEOOPaTUMbBIM
HapyIIEHUsIM pa3BUTUA U 00yueHUs peOeHKa. XpOHUYECKOE T10-
BPEXXICHHE TOJIOBHOTO MO3Ta BIIUSIET Ha Oa3abHbIe FAHIIIMHH U,
COOTBETCTBEHHO, IPUBOJIUT K U3MEHCHUIO BIKCHUI U TOHYyCa
[2,20]. O xpoHuueckoit nHTOKCHKAMK mpu MMA ¢ no3gHuM
HadaioM 0e3 MeTabOJIMYEeCKUX KPH30B CBHUJICTENIBCTBYIOT I10-
CTOSIHHbIE HEBPOJIOTMUECKUE CHMIITOMBI BCIIEACTBUE ABYCTO-
POHHETrO yBEIMUYCHMs KOJIMYECTBA OYaroB IMOHMKEHHOHM ILIOT-
HOCTHU ¥ arpodun OazaybHbIX ranrues [19,22,46].

Heo0XoauMo OTMETHUTBL, YTO IIOKAa3aTellb OOLIEH BBDKUBA-
eMoCTH mnanueHtoB ¢ MMA B mocienHee Bpemsi MOBBICHIICS,
JICTaJIbHOCTh NMOHU3MIach A0 40%, OIHAKO HEYTEeIIUTENIbHBI-
MM OCTAIOTCSI OT/aJICHHbIC Pe3y/IbTaThl, 0COOCHHO YTO KacaeT-
Csl HEBPOJOIMYECKHX OCIOXHEHHUH (YMCTBEHHAas OTCTaJIOCTb,
3aJep)kka 0o0IIero M HEWpPOMOTOPHOIO pa3BUTHA, CYIOPOIH,
JIBUTATENIbHBIC HAPYIUCHMS, HAPYILCHHUS 3PEHUS U ICUXMKH)
[1,21,38,39,57]. Cpenu s3KcTpaHEBpPaJIbHBIX OCIOKHEHUH H30-
TUpoBaHHBIX GopM MMA Haubonee TSDKSIBIMHU  SIBISICTCS
nopaxenue nouek. MMA accouuupyercss ¢ paHHHM HadajloM
XPOHUYECKOW IMOYEYHON HEIOCTATOYHOCTH, 4acTo TpeOyroIei
TPaHCIUIAHTALMY IIOYKH WM KOMOMHUPOBAaHHOM TPaHCIUIAHTALIUU
[IOYKU U TIEYEHH C LIEIBbI0 METadoaMueckoi cradbummsanuu MMA
[7,14,28,29,32,33]. B HekoTOpBIX cilydasx y nauueHToB ¢ MMA
MOTYT Pa3BUThCS ONACHbIE UL KM3HH CepieUHble apUTMHH, Kap-
JTHOMHOTIATHS ¢ Ie(HUIIMTOM KapHUTHHA Witk Oe3 Hero [12,45].

Ilpu kombunupoBanHOit popme MMA ¢ roMouMCTHHYpPHU-
eit B panHeM Je0rote 3a00J1€BaHuUs y MAlMEHTOB HAOMIOqAaeTCs
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MYJIBTUCHCTEMHAsl HEJJOCTAaTOYHOCTh, Y IMALUEHTOB C IO3HUM
HayvasoM - Gosee jierkast popma ¢ MpOrpecCUpyIOMMU HEBPO-
JIOTMYECKMMHU CHUMIITOMAMU M IOBEICHUYECKHMMU HapyLICHUS-
mu. Tak npu paHHeM 1e0l0Te y MALUMEeHTOB YacTO pa3BUBAIOT-
csl MaKyJjionatusi ¥ HapyuieHue 3penus [54]. I[Maropusnonorus
JTAaHHBIX HapYIIEHUH TECHO CBA3aHa C OKCHIATUBHBIM CTPECCOM.
Ipu nannoit popme MMA pa3BuTHE OKCHAATUBHOIO CTpecca
00YyCJIOBJICHO COYETAHHBIM BKJIAJOM MHUTOXOHJPUAJIBHBIX aK-
TUBHBIX ()OPM KHCIIOPOAA 33 CYET FOMOLIMCTENHA M HAKOTIJICHHS
MMK. Jorge-Finnigan A. u coasr B ¢puOpobiacrax, HOIyueH-
HBIX OT ManueHToB ¢ MMA ¢ roMonucTHHYpHEH, BBIIBIIIN IO~
BBIIICHHBIN YPOBEHb aKTUBHBIX (JOPM KHCIOpPOAA, aronTo3a u
AKTUBHBIX (OCHOPUINPOBAHHBIX (HOPM CTpecc-KuHa3bl p38 u
JNK (MuTOreHakTHBHpPYEMBIX NpoTeuHKuHa3) [24]. M3yuyenue
MPOTEOMHOTO MPOQUIIS HUPKYIUPYIOLIHX JTUM(OLUTOB y HAIH-
entoB ¢ MMA u romounctunypueit tuna cblC noka3zano Hapy-
IICHHE PETyISIHUU OEJNKOB, YYaCTBYIOIIUX B KJIETOUYHOH JETOK-
CHKallM1, 0COOCHHO B MeTabosu3Me rrytarnona [11].

KomrekcHas quarsocrtuka MMA ocHOBaHa Ha OLIEHKE KIIU-
HUYECKUX NPOSBICHUN M JAAaHHBIX aHaMHe3a, aHajIu3e PoJoc-
JIOBHOH, pe3yybTarax OnpeAesieHHs MeTaboJIMTOB (aMHUHOKHC-
JIOT, allMJIKAPHUTUHOB, CBOOOHOTO KapPHUTHHA) C MOMOIIBIO
TangeMHoON Mmacc-criekrpomerpuu (TMC), ananusza opraHu-
YEeCKHX KHCJOT C ITOMOIIbIO ra30Boil xpomarorpaduu, aHa-
nu3a myTtanuit. Meronom TMC B cyxux IsTHaX KpOBM IpHU
MMA BbISIBISIETCS MOBBIIIEHUE KOHUEGHTPALIMH TPOMUOHUII-
kapuutuhHa (C3), pexe MEeTUIMAaIOHUI-CYKIIUHUIIKAPHUTHHA
(C4DC); B HEKOTOPBIX cllydasx HaONIOZAeTCsl MOBBILICHUE
cootnomenus C3/C2 u C3/CO npu HEM3MEHEHHON KOHIICH-
tpaunn C3 (CO — cBobonubiii kapuutuh;, C2 - anuiIKapHU-
THH). MeTozoM ra3oBoil xpomarorpaduu Hpu OnpeaesieHIH
npoduis OPraHUYecKUX KHCIOT B MOYE BBISBISIIOT TOBBI-
menue konuenrpauun MMK u metunuurpara. [lpumenenue
OMOXMMHUYECKNX METOIOB M (pepMEHTATHBHOTO aHAJIN3a I0-
3BOJISICT MOJIYYUTh XapaKTepUCTUKY ManueHToB ¢ MMA s
IIPOBEJICHUS MOJIEKYISIPHO-TEHETHYECKOr0 aHaIMu3a (aHaaInu3a
myTtanuii) [26,50,58].

[locne npoBexeHust aHanaM3a MOYM Ha OpPraHUYECKHE KHC-
JIOTBI M ONpeJeNICHUs] KOHIIEHTPAIllMi TOMOLUCTENHA B ILIa3Me
MAllMEHTaM BBICTABIIACTCS IPEeIBAPUTEIbHBIN TUarHo3 Ha OCHO-
BaHMUU CJEIYIOIINX KPUTEpHUEB: 1) OueHb BBICOKHE KOHIICHTpA-
uun MMK B Moye ¥ HOpMasbHBIE MOKA3aTeM FOMOLIMCTEHHA
CBUJICTEIILCTBYIOT O HAJMYUK MyTauu mut-, mut ’, cblB, cblA
u cblD (var 2), KoTopble AUArHOCTUPYIOTCS MOJICKYIISIPHO-TeHEe-
TUYECKUMH METOIaMM; 2) IpU HE3HAYUTEIbHOM IIOBBIILICHUU
koHueHTpauuu MMK B Moue u mokaszaressix roMOLMCTEHHA B
Ipezienax HOPMbI NMAlMEeHThl UMEIOT MyTanuu B reHax MCEE,
SUCLA2 u npu nobGpokauectBeHHbIX MMA; 3) 3HaunTelIbHOE
noBbllieHHe KoHUeHTpauuun MMK B Moue M romouucrerHa
B IUIa3M€ CBHJICTEIbCTBYeT O MyTauuu B reHax MMACHC,
MMADHC v LMBRDI (MMA cblC, cblF umu cblD (var 1) tu-
o) [26, 57].

30JI0TBIM CTaHIAPTOM AMArHoCcTUKM MMA sBisieTcs MOJIeKy-
JISIPHO-TeHEeTHUYEeCKoe HcciieioBanue. Cxema MpoBeICHUs MoJIe-
KYJISIPHO-TEHETHUECKOT0 aHAITM3a N30IMpoBaHHbIX hopm MMA:
TNpH BUTaMUH B -HEYyBCTBUTENBHBIX (POPMAX PEKOMEHyETCs
uccnenosars reusl MUT u MMAB, B ciyuae 4yBCTBUTENIBHBIX
(opm Butamuna B, — renst MMAA u MMAB; B citydasx, koraa
myTauuu B renax MUT, MMAB v MMAA ne oGHapyKeHBI, Ipo-
BOJIIT uccienoBanue rena MCEE) [57]. Unentndukanus MyTa-
Ui (orpeaesieHue TOYHON MOJICKYJISIPHON MTPUPOIbI) SBISIETCS
3HAUUMOH C TOYKH 3pPEHUS CTPATEruu JICYCHUS U MPOrHo3a 3a-
OoJieBaHuUS.



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

AHanu3 cCOBpEeMEHHbIX JIMTEPATYPHBIX JAHHBIX MOKa3aJl, YTO
npu MMA, nomumo mnossimieHust yposuss MMK B Ouosnoru-
YECKHUX KUIKOCTAX U MHTPAMHUTOXOHAPHAIBHOTO HAKOILICHUS
OpPraHNYECKUX KHUCIOT BCICACTBHE JeduirTa GepMEeHTOB, TaK-
)K€ MPOUCXOIHUT IeHepalys aKTUBHBIX (OpM KHCIOpOJa, HAKO-
IUICHUE 3-THUIPOKCUIIPONMOHATA M METWILUTPATa C pa3BUTUEM
BTOPUYHBIX METa0O0NNYECKUX HAPYLICHHH, CIOCOOCTBYIOIMINX
IPOrpeCcCUPOBAHUIO OMOIHEPreTHUECKUX MpoOiIeM, 4YTO Mpu-
BOJIUT K HApYIICHUIO KJIETOYHBIX HPOLECCOB, TUCHYHKIINH MHU-
TOXOHJPUH, U3MEHEHHUIO KJIETOUHON apXUTEKTyphl, BTOPUUHBIM
M3MEHEHMSM OKUCIINTEIbHO-BOCCTAHOBUTEIBHOIO TOMEOCTAa3a.

I[Tporuno3 sapucur ot Tshkectd MMA (11 B ,-pesuctentnoit
¢dopmbl mut’ xapakrepHbl Oosiee paHHssi MaHH(eECTalMs, He-
CcTaOWIBHOCTh TEUEHHsI U OoJsiee BBICOKAsl CTEIEHb TSXKECTH
3a00/1€BaHMsA), TOKCHYECKOrO IOPaKEHHsI BHYTPCHHUX Opra-
HOB (TIOYKH, CepALe, MOMKEIyI0UHas Kelle3a) U CPOKOB Hada-
Jla CIEeLUaIN3UPOBAHHON Tepaluy C LENbI0 NMPEeayNpeKICHU]
MPUCTYTIOB MeTabonudyeckon nexomreHcanuu. KpaiiHe BakHa
panHss nguaroctuka mMerogoM TMC, Tak Kak CBOEBPEMEHHO
HayaTtoe JiedeHue (AueTorepanus, IpUMeHEHUe THAPOKCUKOoOa-
JamuHa npu B -3aBucumoit popme) npesynpexaaet Hebnaro-
MPUATHBIA UCXOJ1 U TTO3BOJISIET JOOUTHCS BHICOKOW CTEIIEHH pea-
OUIUTALIMY JeTed ¢ JAHHOMW MaTOJIOTUEH.

3akarouenne. Hosoe Buagenue mnarodusuonornn MMA
HpEe/IoaraeT, YTo BTOPUYHbBIE COOBITHS, TAaKHE KaK aKTUBALHS
BHYTPHKJICTOUHOIl CHIHANW3aLUM, CBSI3aHHON c aeduuutoM
SHEPTUU U HapyIIEHHEM OKHCIMTEIbHO-BOCCTAHOBUTEIBHOIO
roMeocTasa, 3Ha4UTENbHO CHOCOOCTBYIOT BO3HUKHOBEHHIO T10-
BPEXJICHUA TKAHEH M KIMHUYECKUX NposBieHUH. OCHOBHBI-
MU BTOPUYHBIMU OCJOKHEHUSIMU MMA SBISIOTCS 3a/iepiKKa
pa3BuTHs, TyOyJIOMHTEPCTULMANBHBIH HEPPHUT C MPOrpeccu-
pyoleld TOYEeYHOH HEeI0CTaTOYHOCTBIO, «METa0OoINYeCKU
UHCYIBT» (OCTpO€ M XPOHHYECKOE IOpakeHHe OazalbHBIX
raHIINEB), MHBAIMAMZUPYIOLIUE IBUraTe/IbHbIE PacCTPONCTBA
(xopeoaTero3, IUCTOHUS, Iapanapes, KBaJpuiapes), NaHKpea-
TUT, aTpOQHsl 3pUTEIBHOTO HEPBA, TEHETHYESCKHU JCTSPMHHUPO-
BaHHBIA (QyHKIMOHANBHBIN UMMyHOneduuuT [26]. letanpHoe
U3y4YCHUE MOJIEKY/ISIPHBIX MEXaHU3MOB, yYacTBYIOLIUX B IaTO-
¢usnonorut MMA, MO3BOJIET OMPEACIUTH TOMOTHUTEIBHBIC
Tepaneruueckue uenu [21,37].

PaccmarpuBaeMblie B 0030pe JaHHBIC, MX aHAIN3 M CHHTE3
JUKTYeT HEOOXOJMMOCTh BKJIIOYCHHs HEOHATOJIOIOB, MHeaua-
TPOB, JIETCKUX HEBPOJIOTOB M HE(PPOJIOTOB B IPYIIITY JICUCHHUS Ha-
CJIEZICTBECHHBIX HAapyILICHUN 0OMEHa OpPraHn4eCKUX KHUCIIOT, U1
OIIPE/ICNICHHUS UX POJIH B MOPAXKEHHN (yHKI[HOHAIBHBIX CHCTEM
OpPraHOB, YCTAHOBJICHUsI HAPYILICHUUI TICHXOMOTOPHOTIO Pa3BU-
Tus. [IpoBeieHHbIN aHAIN3 HAyYHOH JINTEpaTyphl OKa3al, 4To
obcnenoBannio Ha MMA moasiexar HOBOPOXJCHHbBIC U ACTH
PpaHHEro BO3pacTa, y KOTOPBIX IOCJIe HEKOTOPOT'o IepHoa y0B-
JICTBOPUTEIIBHOIO COCTOSIHUS MOSIBIISIETCS PBOTA, OTBPAILLECHHE K
ezie, JIeTaprusi, TUIIOTOHUS, CY[JOPOTH, KOMa, METabOINUECKUi
alua03, KeTOHYPHs; JETH JII000ro BO3pacTa U3 CeMeid, uMe-
101X O00ibHBIX ¢ MMA; €T ¢ NMOBTOPHBIMH HPHUCTYIIaMH
PBOTHI, COHJIMBOCTH, BSUIOCTH, T'MIOTOHHMH, KETOALMI03a, IO-
paKeHHEM HEepBHOW CHUCTEMBI, C 3aJepiKKoi (u3nueckoro u
HcuXoMoTopHoro pasutus. s nuarnoctuku MMA undop-
MAaTHBHBIMH SIBJSIIOTCS: TPOGHIb allMIKaPHUTHHOB, OMOXHUMH-
yeckue tecthl 1 noareepxaatomas JJHK-auarnocruka (BbisiB-
nenue mytauuii B renax MUT, MMMA, MMAB, MMACHC,
MMADHC, LMBRD1, ABCD4, SUCLA2 u SUCLGI). Ycra-
HOBJICHHE MOJIEKYJISIPHO-TEHETUUECKOro Jiedekra  (BBIsIBIIC-
HHUE MyTauuil) MO3BOJSIET CKOPPEKTUPOBATh TAKTHKY BEACHUS
6onpHOro ¢ MMA. YuuThIBasi ayTOCOMHO-PELECCHBHBIN THII
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HacienoBauuss MMA (kpome MMA tuma cblX), cembsM, B
KOTOPBIX YK€ UMEIOTCS ICTH C MOATBEPKICHHBIM JIHArHO30M,
HEOOXOAMMO MPOWUTH MEAUKO-TEHETHYECKYI0 KOHCYJBTALHIO,
TaK KaK PUCK MOBTOPHOTO POXICHUS OOJBHOTO peOeHKa Mpu
JIAaHHOM THUIe HacijienoBaHusi cocrasisier 25%. IlpoBenenue
JIHK-auarHocTuky cTporo rnoka3aHo JUIsi MpEeHATalbHOW Jua-
THOCTHKH, WM TMPCUMIUIAHTAIHOHHON JTHATHOCTHKH TPH JKC-
TPaKOPIOPATBHOM OILUIOJOTBOPECHHH.
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SUMMARY

MOLECULAR-GENETIC ASPECTS OF METHYL-
MALONIC ACIDURIA DEVELOPMENT (REVIEW)

'Zharmakhanova G., 'Syrlybayeva L., 'Kononets V.,
Nurbaulina E., *Baikadamova L.

'West Kazakhstan Marat Ospanov Medical University, 'depart-
ment of molecular biology and medical genetics, *department of
general medical practice, *Medical center Aktobe, Kazakhstan

The review summarizes the current literature data on the
inherited metabolic disorder of branched-chain amino acids
- methylmalonic aciduria, characterized by high mortality,
acute onset and crisis course. The paper presents the mo-
lecular genetic characteristics of the known thirteen differ-
ent genes (responsible for the synthesis of methylmalonyl-
CoA mutase, methylmalonyl-CoA epimerase and vitamin B,
metabolism), mutations of which lead to the development of
methylmalonic aciduria. The current knowledge about the
potential role of organic acids and their derivatives in the de-
velopment of metabolic decompensation, toxic damage to the
nervous system and internal organs is presented. Early diag-
nosis by tandem mass spectrometry is extremely important,
since timely treatment started (diet therapy, the use of hy-
droxycobalamin in the B ,-dependent form) prevent an unfa-
vorable outcome and allow a high degree of rehabilitation for
children with this pathology. Moreover, the identification of
the primary molecular genetic defect makes it possible to adjust
the patient management tactics and to carry out further prenatal
diagnosis of the pathology in subsequent pregnancies.

Keywords: inherited metabolic disorders, organic acid disor-
ders, methylmalonic aciduria, mitochondrial dysfunction.

PE3IOME
MOJIEKYJIAPHO-TEHETUYECKHUE ACHEKTBI
PABBUTHUA METHJIMAJOHOBOM  ALMAYPUH

(OB30P)

"’Kapmaxanosa .M., 'CpipibiéaeBa JI.M., 'Kononen B.H.,
’Hyp6ayauna J.b., *baiikagamoa JI.H.

3anaono-Kazaxcmanckutl  MeOUyUHCKUl  YHUBEPCUMEM  UM.
Mapama Ocnanosa, 'kagpedpa monexyiapnoi duonocuu u me-
OuyuncKou 2enemuku, *kageopa obwel epauedHol NPaKmuKu
Ne2; SMeduyunckutl yenmp Axkmobe, Kazaxcman

B 0030pe 060011eHBI COBpEeMEHHBIE CBEICHUS JIUTEPATYPHI
0 HACJIEJICTBEHHOM HapylICHHH O0OMEHa aMHHOKHCIOT C pas-
BETBJICHHOM LIETBIO — METHJIMATIOHOBOM allilypHH, XapaKTepH-
3yIOIIEHCS OCTPBIM HayajoM, KPH30BBIM TEUCHHEM M BBICOKOIL
CMepTHOCTBIO. IIpencraBieHa MOJIEKY/IIPHO-TeHETHYEeCKast Xa-
PaKTEePUCTHKA H3BECTHBIX TPUHAALATH PA3INYHBIX TEHOB, OTBET-
CTBEHHBIX 33 CHHTE3 METHIMAIOHHI-KOA-MyTa3bl, METHIMAIIO-
Hu1-KoA-smmmepassl 1 MetabonusM BuTamMuHA B ), MyTanun
KOTOPBIX MPHUBOAAT K Pa3BUTHIO METUIMAIIOHOBOW alMyApHH.
TIpuBeneHbl COBPEMEHHbBIC MaHHBIC O IMOTEHIHAIBHON PO
OPraHMYeCKHUX KHCIOT U MX MPOM3BOIHBIX B PA3BUTHH METa0o0-
JIMYECKO IEKOMITCHCALIMH, TOKCHYECKOM MOPaKEHUH HEPBHOIT
CHCTEMBI U BHYTPEHHUX OpraHOB. BecbMa 3HauMMa paHHss jHa-
THOCTHKA METOJOM TaHAEMHOH Macc-CIEeKTPOMETPUH, TaK Kak
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CBOCBPEMCHHO HA4aToe JICUCHUE (IHETOTEeparnusi, IPUMEHEHUE
rujipokcrkodanamuna npu B ,-3aBucumoit dopme) mosposset
n30eXKaTh HEONMArONMPHUATHBIN MCXOM U JTOOUTHCS BBICOKOM CTe-
neHu peaduinuranuu JeTed ¢ JaHHOW marosiorued. MueHtu-
(uKalys TEepBUYHOIO MOJICKY/SIPHO-TEHETHYECKOro aedexra
M03BOJISICT CKOPPEKTHPOBATH TAKTHKY BEICHHS OOIBHOTO U MPO-
BOJIMTH B IAJIbHEHIIICM MPCHATAIBHYIO JHATHOCTUKY MAaTOJIOTHH
[PH MOCIEIYIOMNX OEPEMEHHOCTSIX.

G9boygdy

39mogds@mby@o sEoP@ools gobgomsmgdols dmen g a-
@@-296905900 sb3gJdgdo (Bodmboangs)
.g5@80bobmgs, oo oG eodsggs, '3.30bmby30,
29.690d59@0bos, 3@.d50 3o©sdmgs

oliogmgom gobobgmol do@o@ ml3sbmgol Lsb. Lsdgoo-
30bm  9b0ggdlo@gdo, Fmnaygsgmagao domammyools ©s
bo39©00306m 29693 030L gomgE®s; 2bmgswo 3Gs@ozol
9J089001 gomge@s Ne2; 35 J@mdgl Lsdgwozobm (39630,
gobabgmo

dodmboangsdo 35bbmaswgdgmos 05653g00m39
0@ gMoB@A0lL Imboigdgdo 5dobdgeggool (3gamols d9d-

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

3300OP@o sMmMgggol — dgmomdsmmby®o sEowg@o-
oli Igbobgd, dmIgeobsi sbobosmgdl 8§ g089 wobis{yobo,
3O0bgmo  dodobo@gmds s dowomo  LoggLommds.
Jomdmagboamos  Lbgoolbbgs  bmdogo 13 a960l
doe 93909@-29690 0490 Jsbobosmgdengdo, Gmdeng-
03 3obgbolidygogaros dgmogndsgmboan-KoA-39@sbsls,
dgmo@dsemmboan-KoA-g303g®sbsls Lobmgbbg s gode-
3060 B -0l dgBodmemobdby, @mdgmms IgGocgos 0fggsb
dgmo@doemby®o 530 M00L gobgomsmgdals. dmzgdy-
@os 05bsdgmmgg Inbsigdgdo m@asbyamo goggool
©>  domyeb  [odmdmgdygamgdol  3m@Bgbzoy®o  @meols
Ygbobgd  gBodmeyg®o  ©93md3gblsiools  aobgomsdy-
6590, bgdggao LobEgdol ©s Dobogsbo mmysbmgdols
OM™JLoga® ©sbosbgdsTo. IgHow 360dgbganmgsbos ogw-
g0 ©0sabmbEogs Gobogdydo IslL-L3g]G®mIgHo-
ol gomEom, Gopasbs  WOHMPYmsE  ©sfygdygao
339Mbsgmds  (0gBmmgdsdos, dJo®mJlogmdsasdobols
303mYggbgds B -©sdmjogdgmo gm@dol edmb) odamggs
M5 3900 lalygdggaro Jgogaol mogowsb s@oargdol ©s
o0 dsomm@mool IJmbg ds3dggd0l oo ba@olibol
9500@00@5300L  Joe{ggol  Lodgomgdsl.  3oMggenswo
dogg39ag@-3969003900  ©9BIIOOL  0wgbBHogogezes
odanggs 353096B 0L dodmgol GodBogol gmdgdiool ws
dmdogoendo, Indgabm MmOLyY@mdol @AM o3 Jsmmenm-
300l 3M9bs@omg@o ©osabml@ogol Lsdgomgoss.

COVID-19 AND CHILDREN: COMPLICATIONS AND LATE OUTCOMES

Zhvania M., Kvezereli-Kopadze M., Kutubidze T., Kapanadze N., Gordeladze M., Iakobashvili A., Nakhutsrishvili E.

Thilisi State Medical University, G. Zhvania Pediatric Academic Clinic, Georgia

Covid-19 became a challenge for doctors around the world,
including pediatricians since December 2019, as novel infec-
tion named coronavirus disease 2019 (COVID-19) broke out
in Wuhan, China, and has been sweeping across the globe.
COVID-19 was officially declared a pandemic by WHO on 11
March 2020. The disease is caused by a newly identified strain
of severe acute respiratory syndrome (SARS) associated coro-
navirus, which was named SARS-CoV-2 after SARS-CoV that
caused the epidemic of SARS in 2002 [2,12].

SARS-CoV-2 belongs to the coronavirus family, which are
enveloped viruses with a spherical morphology and a single-
stranded RNA (ss RNA) genome. The spike glycoproteins (S
protein) cross through the peplos of the virus and form a crown-
like surface. Through the receptor binding domain (RBD) lo-
cated in the S1 subunit of the S protein, the virus can ligate to
the host cell receptor angiotensin-converting enzyme 2 (ACE2)
and invade into the cell [2]

The clinical spectrum of COVID-19, which is caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), ranges from asymptomatic to severe respiratory symp-
toms, extrapulmonary manifestations and death [8].
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Children of all ages appear to be susceptible to infection by
SARS-CoV-2, so far the majority of COVID-19 cases in chil-
dren are mild [3]. Few children with COVID-19 infection are
hospitalized, and fewer children than adults experience fever,
cough or shortness of breath. Although rare, hospitalization rates
appear to be highest among children younger than 1 year of age
and those with underlying conditions (chronic lung disease in-
cluding asthma, cardiovascular disease and immunosuppres-
sion) [7,9].

Persistent symptoms in adults after COVID-19 are emerging
and the term long COVID is increasingly appearing in the litera-
ture [9]. However, pediatric data are scarce. As pediatricians, we
are facing new entity- “long Covid” in children, though there is
limited data in the world. In a systematic review now published
in Acta Paediatrica, Jonas F Ludvigsson, pediatrician at Orebro
University Hospital and professor at the Department of Medical
Epidemiology and Biostatistics, Karolinska Institutet, reviewed
179 publications that might concern long COVID in children
(here defined as symptoms persistent two months after onset of
COVID-19), but none of these publications actually concerned
long COVID in children [10].



