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Annomayusn. F'unopocdarazus (I'OD) — penkoe HacHeACTBEHHOE META0OINUYECKOE 3a00IeBaHUE, 00YCIOBIICH-
Hoe MyTanuei B rene ALPL, mpuBosieii K CHHIKEHUIO aKTUBHOCTH TKaHecnenudpuueckoii menouHor gocdara-
361 (TNAP). TpaauimonHo paccMaTpuBaemasi B paMKax MUHeEpaJn3aluu kocteil u 3yoos. DD npusiekaeT Bce
Oosnpliiee BHUMaHUE UCCIeoBaTeIel B CBSI3U C NOMMMOP(HBIME HEBPOJIOIMUECKUMU MPOsABICHUSAMHU. B 0030pe
CHUCTEMaTU3UPYIOTCS JaHHbIE O HeBposnorndeckoMm genotune @D y neteid, BKiIroyas cy10pOKHbIE CHHAPOMBI,
pe3UCTEeHTHBIE K O0OBIYHOM Tepanuy U 4yBCTBUTENbHBIE K TMPHI0KCHHY, MBIILIEYHYI0 THIIOTOHUIO U 3a1€PKKY ICH-
XOMOTOPHOTO pa3BUTHA. Ocoboe BHUMaHUe yIeNnseTcsl aHaIu3y pacTyLIero Yucia KIMHUYeCKUX HaOIoieHul,
OMHCHIBAIOLINX KOMOPOUIHOCTD TSXKENBIX U yMepeHHBIX popM ['DD ¢ paccTpoiicTBaMu ay THCTUYECKOTO CIIEKTPa
(PAC). O6cykaaroTcest COBpeMEHHBIE THIIOTE3bI, 00BSICHSIOIIHNE MTOTEHITHATBHY O CBSI3b MeX Y AeuiiutoM TNAP
U HapyLIeHUSAMH HeHpOpa3BUTHUSA: OT AucOaiaHca HEHPOTPAHCMUTTEPOB U3-3a HapyIIEHHUs MeTabonu3Ma BUTAMUHA
B6 1o nypuHepruueckoii TeOpUH U MOCIEACTBUHA XPOHHUECKOTro 601eBoro cuHapoma. [loquepkuBaeTcst BaXKHOCTb
BkutoueHust [ @O B quddepeHnunanbHo-quarHocTuueckuii nouck y aerei ¢ PAC, ocoOeHHO pH HAaTUYHU «Kpac-
HBIX (py1aroB» B BUAE HeCELU(PUUESCKUX HEBPOJIOTHYECKUX CUMITOMOB, CyJOPOT MJIM HU3KOTO YPOBHS LIETIOYHOM
¢docdaTasbl B CBIBOPOTKE KPOBHU. M3yueHHe 3TOil B3aMMOCBSA3H OTKPHIBAET HOBbIE MEPCIIEKTUBBI 115l TIOHUMaHU
MaToreHe3a HapylLIeHui HeHpOopa3BUTHS U NEPCOHATU3ALMH TEPAIEBTHYECKUX TOJXO00B.
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Abstract. Hypophosphatasia (GFF) is a rare hereditary metabolic disease caused by a mutation in the ALPL gene
that leads to a decrease in the activity of tissue—specific alkaline phosphatase (TNAP). Traditionally considered
in the context of bone and dental mineralization, GFF is attracting increasing attention from researchers due to its
polymorphic neurological manifestations. The review systematizes data on the neurological phenotype of GFF in
children, including convulsive syndromes resistant to conventional therapy and sensitive to pyridoxine, muscular
hypotension and delayed psychomotor development. Special attention is paid to the analysis of a growing number
of clinical observations describing the comorbidity of severe and moderate forms of GFF with autism spectrum
disorders (ASD). Current hypotheses explaining the potential link between TNAP deficiency and neurodevelop-
mental disorders are discussed: from an imbalance of neurotransmitters due to impaired vitamin B6 metabolism
to the purinergic theory and the consequences of chronic pain syndrome. The importance of including GFF in the
differential diagnostic search in children with ASD is emphasized, especially in the presence of “red flags” in the
form of nonspecific neurological symptoms, seizures, or low serum alkaline phosphatase levels. Studying this re-
lationship opens up new perspectives for understanding the pathogenesis of neurodevelopment disorders and the
personalization of therapeutic approaches.

Keywords: hypophosphatasia (GFF), tissue-specific alkaline phosphatase (TNAP), autism spectrum disorders
(ASD), neurological complications, pyridoxine-dependent seizures, purinergic signaling, differential diagnosis,
children

For citation: Usmanova AR, Manuilov GV. Hypophosphatasia in Children: a New Look At Neurological Compli-
cations and the Connection with Autism Spectrum Disorders (ASD). Bulletin of the Chelyabinsk State University.

Education and healthcare. 2026;(1(33):77-83. DOI: 10.47475/2409-4102-2026-33-1-77-83. (In Russ.).

Beenenune. ['mmodocdarazus (I'dD) npencras-
nsieT co0oil penKoe HacleACTBEHHOE 3a0oJieBaHUe
MeTabonu3Ma ¢ MHUPOKUM CHEKTPOM KIMHHYIECKUX
MPOSIBJIICHUI — OT JIeTaJIbHBIX IEPUHATAIBLHBIX (OPM
JI0 CTEPTHIX CIy4aeB, AMATHOCTUPYEMBIX BO B3POCIOM
Bospacte [15]. [laTorenetuyeckoit ocHoBor ['OD sB-
nsirotest myTtauuu B rene ALPL, konupyromem Tka-
Hecriennpuyeckyo n3opopmy menodHon ¢ocdara-
361 (TNAP). ledumut storo dhepmMenta nmpuBoguT
K HAKOILJICHUIO €r0 HATYypalbHBIX CyOCTpaTOB, BKIIIO-
yas Heopranudeckuii nupodocdar (PPi), mupugok-
canp-5’-pocar (PLP, akTuBHas Gopma BUTaMHHA
B6) u dochosrTanomaMuH, 9TO KIMHUYECKN MaHU-
(decTupyetr HapylmICHHEM MHUHEpaIU3aluU KOCTEH
1 3y00B, MBIIIEYHON CIa00CTHIO U MOJTHOPTraHHBIMU
Hapyenusmu [2; 10].

Ecnu xoctHble nposiBinenus I' @O uzyyeHsl 0THO-
CHUTEIIBHO XOPOIIo, TO €€ HEeBPOJIOTHUYeCKHil (heHo-
THII JOJITOE BPEMS OCTABaJICSA HA MEpU(PEpUn HAY-
Horo nuatepeca. OqHAKO HAKOIIJICHHBIE 32 TIOCICIHEE
JeCSITUJIETUE TaHHBIE CBUIETEILCTBYIOT O BHICOKOU
4acTOTE U 3HAUMMOCTHU HEBPOJIOTMYECKUX OCIIOKHE-
HU, 0COOCHHO B IIeMuaTpuIeckoil mpaktuke. Cpeau
HUX BBIJEISIOTCS MHPUOKCHH-3aBUCUMEIE CYIIOPO-
T'Yl (4aCTO SBISIOIIUECS TIEPBBIM IIPU3HAKOM TSIKEITBIX
WHPAHTUIBHBIX (HOPM), MBIIIICUHAS THIIOTOHUS, 3a-
Jlep>kKa MOTOPHOTO U PEUEBOI'0 Pa3BUTHUS, a TaK¥Ke
XpOHUYECKUI 00IeBOH CHHAPOM [5].

[IpumeuaTenbHO, 9TO B KIMHUYSCKUX OMUCAHUSIX
U CepHUsX CIydaeB Bce dalle QUTypHUPYIOT YIIOMU-
HaHHS O CONMYTCTBYIONIUX HAPYIICHUSIX MMOBEACHUS
U COITATIBHON KOMMYHUKAIIIH, OTBEUAIOLIUX KpUTE-

pusiM paccTpoiicTB aytuctudeckoro crekrpa (PAC)
[16]. Hannoe HabmroneHue (GOPMHUPYET OCHOBY IJIS
HOBOH HCCIEN0BATENBCKON MapaurMbl, pacCMaTpu-
Baromei I' dD He TOIBKO Kak 3a00JIeBaHHE CKEJIETA,
HO ¥ KaK IOTEHLIUAIBHYI0 METa00INYECKY IO IPUYIH-
Hy HapyuleHui Heilpopas3Butus. Lleas HacTosmero
0030pa — cHCTEMaTH3NPOBATh HMEIOIIHNECs TaHHbIe
0 HeBpojorudeckux nposiBineHusx I'OD y nperei,
MpOaHAIM3UPOBATh THIIOTE3bI O BO3MOXKHON MaTore-
HeTnyeckoit cBa3u ¢ PAC u 00CyauTh mpakTH4ecKue
acnekThl Au¢depeHInaIbHON THarHOCTUKH.

CoBpeMeHHasi KJaccu(puKanus paccTpoiicTB
ayTHCTHYECKOro cnekrTpa. PaccTpoiicTBa ayTucTu-
gyeckoro crnekrpa (PAC) oTHocaTca K Tpynme Hapy-
MIEHWH HEHPOPA3BUTHS COTJIACHO 00EUM COBpPEMEH-
HBIM KJIacCHU(MKAIIMOHHBIM CHcTeMaM — MexIyHa-
poxHoii Ki1accudukanuu 6onesHelt 11-ro nepecmMoTpa
(MKB-11) u JInarHoCTHIECKOMY U CTATUCTHIECKOMY
PYKOBOJACTBY II0 NICUXUYECKUM PACCTPOUCTBAM 5-T0O
m3nanus (DSM-5) [4; 20]. Panee cymecTBOBaBIINE
OTZEJIbHBIC THAarHO3bl (JETCKHM ayTU3M, CHHIPOM
Acneprepa, Je3UHTErpaTUBHOE PacCTPOMCTBO AET-
CTBa) B HACTOSIIEe BpeMsi OOBEMHEHBI 1T0]] €MHBIM
TEPMHHOM «PacCTPOMCTBO ayTUCTUYECKOIO CIIEK-
Tpay», 4TO OTpakaeT MIOHNMAaHNE ayTH3Ma KaK KOHTH-
HYyMa COCTOSIHUH C pa3IUYHON CTENEHBIO BEIPAKEH-
HOCTH cuMnTOoMOB [11].

JAunarnoctuyeckune kpurepuu. Corsiacio DSM-5,
nuarHoctuka PAC ocHOBBIBaeTcs Ha JABYX I'pynmax
Kputepues [4; 7]:

Kpumepuii A: ycTOWYUBBIN JSPUIUT COLMAIBHOM
KOMMYHHKAllUM M COLMAJBHOIO B3aUMOAECHCTBUSA
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B Pa3IMYHBIX KOHTEKCTAaX, MPOSBISIOMNICS B Je-
¢uIMTEe COUNATBHO-IMOIIMOHAIBHON B3aMMHOCTH,
neuiuTe HeBepOalbHOr0 KOMMYHHUKATUBHOTO TO-
BEJICHU S, UCIIOJIb3YEMOT0 JIJIsl COLIMAJIBHOTO B3aHMO-
JeiicTBUsA, TepUIIUTe Pa3BUTHS, IOAJIEPKAHUS U I10-
HUMaHHUS OTHOLIEHUH.

Kpumepuii b: orpaHudYeHHBIE, NOBTOPSIOLIHAECS
MaTTePHBI MMOBEACHUS, UHTEPECOB UIIU JEATEIBbHO-
CTH, IPOSBIISIONINECS MUHUMYM JIBYMsI U3 CIEAYIO-
LIUX IPU3HAKOB: CTEPEOTUIIHBIE UIIH IOBTOPSIOLIHE-
s IBUIKECHU S, MICTIONIb30BaHME PEAMETOB HITH PEUH;
HAaCTOMYHMBOE CTPEMIICHHE K HEM3MEHHOCTH, KECT-
Kas IPUBEPKCHHOCTh PyTUHAM WU PUTYaTU3UPO-
BaHHBIM NATTEpHAM BepOaIbHOT'O U HEBEPOATHLHOTO
MOBENICHU S, KpaifHe OrpaHWYeHHbIE, (PUKCUPOBAH-
HbIe HHTEPECHI, aHOMaJIbHBIE 110 HHTEHCHBHOCTH MITH
HaIpaBIE€HHOCTH; TUIEP- WM TUIOPEAKTHBHOCTD
K CEHCOPHOM MH(OpMAaIIH MIJIH HEOOBIYHBIA HHTEpEC
K CEHCOPHBIM aCIIEKTaM OKPY>KEHUSI.

JononHuTeApHBIE KPUTEPUU BKIIOUAIOT HaAJIH-
Yye CUMIITOMOB Ha PaHHUX CTAIUIX Pa3BUTHS (XOTS
OHU MOT'YT TTOJTHOCTHIO HE IPOSIBISITHCS, TTOKA COIIH-
aJTpHBIE TPeOOBAaHMS HE MPEBBICAT Or'paHUYCHHBIC
BO3MOKHOCTH), KIIMHWYECKH 3HAYNMOE HapylLICHHE
(YHKIIMOHUPOBAHUS, a TAKXKE TO, YTO JAHHBIC HAPY-
HICHHUS HE OOBSICHSIOTCS JIydIlle HAJIMYUEM WUHTEN-
JIEKTYaJIbHOTO HapyIIEHUs WU 33/IEPKKH TII00ah-
HOTO pa3utus [4; 12].

Knaccupuxauusa 8 MKB-11. MKbB-11 (xom 6A02)
npeiaraeT 6osee JeTaln3pOBaHHYIO0 KIacCupuKa-
LUI0, YUYUTHIBAIOIIYIO YPOBEHb HHTEIICKTYaJIBHOTO
Pa3BUTHS U CTENIEHb HAPYIICHUS PEYeBOi (YHKIIHH
[9; 20]:

1. 6A02.0 — PAC 6e3 HapymIeHHs] HHTEJJIEKTY-
aJBHOTO PAa3BUTHS U C JIETKMM HapyIICHHEM PeueBON
¢GbyHKIUYU uiu 0e3 Hero;

2. 6A02.1 — PAC c HapylieHHEM UHTEIIEKTYal b-
HOTO Pa3BUTHS U C JIETKUM HapylIeHHEM pedeBOH
¢yHKIIUH Hin 0e3 Hero;

3. 6A02.2 — PAC 6e3 HapyIIeHUS HHTEIIEKTYa b~
HOT'O Pa3BUTHUS U C HAPYIICHUEM PEUeBOil PyHKIINU;

4. 6A02.3 — PAC ¢ HapyuieHUEM UHTEIIEKTYalb-
HOT'O Pa3BUTHS U C HapyIIEHUEM pedeBoi pyHKIHH;

5. 6A02.5 — PAC c HapylieHUEM UHTEIIEKTYallb-
HOT'O Pa3BUTHS U OTCYTCTBHEM pE4eBOH (DyHKITHH.

Kpome toro, B MKbB-11 BBeneHa JOMONIHUTENbHAS
kateropusi 6E60 «BropuunbIii cMHApPOM Helpopas-
BUTHS», KOTOpas MOXKET HCIHOJIb30BAaThCSA B Cllyya-
X, korga cuMntombl PAC pa3BUBarOTCS BCIIEICTBHE
JIOKa3aHHOTO dTHOJIOTHYECKOTO (haKTopa — T'eHeTH-
geckoro 3a0oneBaHus (BKIoUas runodocdarasuio),

MeTabOINIEeCKOT0 HapyIIEHHUS NITH SK30T€HHOTO BO3-
newicteus [13; 20].

YpoBuu noaaep:xxkku. DSM-5 npenycmarpuBaet
Tpu ypoBH# TsxecTu PAC B 3aBUcHMOCTH OT TpeOy-
eMoit moaaepxku [4; 14]:

ypoBeHb 1: TpeOyeT MmoaaepKKH;

YpOBeHb 2: TpeOyeT CyIIeCTBeHHON TOAICPKKH;

ypoBeHb 3: TpeOyeT O4eHb CYIIEeCTBEHHOH MOoJ-
JEP>KKH.

BaxxHo ormeTuTs, uto okoio 30—40 % nuu ¢ Hapy-
[IEHWEM MHTENJIEKTYalbHOTO Pa3BUTHS UMEIOT pac-
npoctpaHeHHble npuszHaku PAC, a npumepHo 80 %
mun ¢ PAC xapakTepusyrorcs 6onee HU3KUM yPOBHEM
MHTEJUICKTYaJIbHONH NEATEIHbHOCTH MO CPAaBHEHUIO
¢ ob6mel momyismueit [20]. PacnpocTpaHEeHHOCTH
PAC B monynsiniuu orieHuBaeTcs nmpumepHo B 1 % [8].

Hegposornueckuii penorun runodocharazumn
y Aeteil. HeBponorudeckue HapymeHUs SBISIOTCS
OIHUMU U3 HanOoJee TSKEIBIX U MPOTHOCTUYECKHU
3HAUMMBIX SKCTPACKEIETHBIX MposiBieHUN [ @D, oco-
OEHHO B paHHEM JIETCKOM BO3pacTe.

Cyoopoorcrvie cunopomul. TIUpUIOKCHH-3aBUCH-
MBIE CYIOpOTH — KJIaCCHYECKOe M 9acTo JeOI0THOE
MpOSABIICHHE TsKeJIoW HHDaHTUIBHON Gopmbl [ DD.
Hx matorene3 HampsAMYyIO CBs3aH C HAKOIICHHEM
PLP, xoTopsrii B ycnoBusx nepuinura TNAP He Mo-
XKeT OBITHh MOJDKHBIM 00pa3oM nedochoprmupoan
IUJTST TIPOHUKHOBEHUS Yepe3 reMaTodHIedhaTndecKuii
6appep. IT0 IPUBOANT K (HyHKIHOHAIEHOMY Hedu-
nuty ButamuHa B6 B IIHC, Hapymatomemy cuHTE3
OCHOBHOI'0 TOPMO3HOTO HeHpomenuaropa — raM-
Ma-amuHoMacisiHon kucinoTel (TAMK) [5; 19]. Cy-
noporu npu I'D oTanMyYaroTCs PE3UCTEHTHOCTHIO
K CTaHJAPTHOM NPOTUBOCYIOPOXKHON Tepamnuu,
HO JEMOHCTPHUPYIOT OBICTPHINA U BBIPAKCHHBIA OTBET
Ha BBEJICHHE MUPHUAOKCHHA (BUuTaMuHa B6), 4To sBIs-
€TCSl BaXKHBIM TUArHOCTHUUECKUM IIPU3HAKOM.

Mviweunas eunomonus u dgueamenvhvie Hapyuie-
Hus. I'eHepann3oBaHHas MBIIIEYHas CIabOCTh (T'H-
MOTOHHUS) — YaCTBHIA CUMIITOM, YCYTYOISIOmuniA 3a-
JIEpKKY MOTOPHOTO pa3BUTHUs y MilasieHLeB ¢ ['OO.
OHa MOXeT OBITh CBSI3aHA KaK C HEMOCPEACTBEHHBIM
BIIMSTHUEM METa0OIMYEeCKUX HapyIICHHH Ha HepB-
HO-MBIIIEYHYIO Tepefady ¥ (QYHKIUIO MBI, TaK
M C XpPOHUYECKOW OOJBI0 M Ie(hOPMALIHSIMH CKETIeTa,
OTPaHMYMBAIOLUTIMH IBUTATEIBHYIO aKTUBHOCTH [6].

boav u cencopmwiii ouckompopm. XpoHHISCKUN
00J1eBON CHHIPOM, OOYCIIOBIIEHHBII MUKPOIIEpPEIO-
MaMHU, TUIIEPMOOMITBHOCTHIO CYCTaBOB U MBIIICYHEI-
MH CIIa3MaMH, SBISIETCS MOCTOSHHBIM CITYTHHKOM
MHOTUX nanueHToB ¢ I'O®d, naxe npu HeaeTaIbHBIX
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¢dopmax [18]. [locTosHHBIN AUCKOMBOPT MOXKET Cy-
IIIECTBEHHO BJIMATH Ha OBEIEHUE peOeHKa, BBI3BIBAS
pa3apakUTENbHOCTS, I1J1a4, HAPYIIEHHUS CHA U (op-
MHUpYsI TAaTOJOTHYECKUE MATTEPHBI CEHCOPHOTO BOC-
TIPUSATHSL.

3adepoicka ncuxopeuesozo pazeumusa. 1lomumo
BTOPHYHOH 3a/epKKH Ha (DOHE TAKENIBIX CyHOpOT
U CEHCOPHOW JenpuBaluM, Y 4yacTu Aered ¢ I'OD
HaOJI0JaeTCs TIEPBUYHAS 33/Iep)KKa KOTHUTHBHOTO
U PEYEBOr0 PAa3BUTHUS, UTO YKA3bIBAET HA MPSIMYIO
poab TNAP B npoueccax Helipopazsutus [17].

I'mnore3nl 0 cBsa3u naroreHe3a I'®® ¢ napy-
meHusiMHU Helipopa3suTusa u PAC. buonorugeckoe
npaBaonopobue cBa3u Mexx 1y [ @O u ayTHcTHUECKU-
MU YePTaMH HOATBEPKJACTCS HECKOJIBKUMHU B3aHMO-
JIOTIOTHSIOIIMMHY TUTIOTE3aMH, OOBACHSIOIINMH, KaK
nepuut TNAP MoxxeT HapymaThk KIFOYEBBIE MPO-
LECCBI B PA3BUBAIOIIEMCS MO3IE.

Jlucbananc nelipompancmummepos u nypunepau-
yeckasn eunomesa. TNAP urpaet kmawo4deByio poiib
B PETYJISIIMH [Ty PHHEPTUYECKON repeaadn — GpyHaa-
MEHTaJIBHON CUCTEMBI MEXKJIETOYHOW KOMMYHHUKa-
ruu B Mosre. depment rugponusyeT ATD, n30bITOK
KOTOPOTO SIBJIIETCS MOIIHBIM CUT'HAJIOM ONACHOCTH
(DAMP-curnan). I[Ipu nedpunure TNAP npoucxonut
HakorieHue AT® u upe3MepHast akTUBALHS [Ty PHHO-
perenTopoB (B YacTHOCTH, P2X7), 94T0 CBA3aHO C pas-
BATHEM HEWPOBOCIAJICHHS, HAPYIICHHEM CHHAIITH-
9YEeCKOr0 IPYHUHTA U TUTACTUYHOCTH — MPOLIECCAMH,
HaIMpsIMEHHO BOBJIEYeHHBIMH B natoreHe3 PAC co-
TJIACHO COBPEMEHHBIM mpencTaBieHusm [3; 12]. Tla-
pamensHo aeduut PLP HapymaeT cHHTE3 HE TOJIb-
ko TAMK, HO u cepoToHUHa, TopaMUHa U APYTHX
MOHOAMWHOB, 4eii qucOaaHC TakyKe acCOIMUPOBAH
¢ PAC [19].

Hapywenue memabonusma nunudog u mueaunu-
sayuu. TNAP yyactByeT B MeTaboauszme ¢pocdoiu-
nuoB. JlaHHBIe SKCIIEpUMEHTAIBHBIX MOJIeTIe yKa-
3BIBAIOT Ha TO, YTO €€ Ae(UIHUT MOXKET HapyIlaTbh
(dhopMupoBaHue 1 GYHKIIHIO MUSITHHOBBIX 000JI09EK
B LIHC [8]. Hapymienne MUeTHHU3AIUN U, KaK CIe-
CTBUE, CKOPOCTH M CHHXPOHHOCTH HPOBEICHUS
HEPBHBIX HUMIIYJIbCOB, PACCMAaTPUBAETCA KaK OJUH
M3 BO3MOXKHBIX NMATO(U3NOJIOIHUECKUX MEXaHU3MOB
npu PAC.

Onocpedosannoe @iuanue uyepes XpPOHUYECKVIO
6onv u cencopuyio dezunmeepayuio. 1locTOSHHBIN
00JIeBOI1 UMITYJIBC H CEHCOPHBIN AUCKOM(OPT y pe-
6enka ¢ @D MoryT 3aKkOHOMEPHO MPUBOAUTH K TIO-
BEACHYECKUM M3MEHEHHSIM: M30E€TaHUI0 TaKTHIJIBHO-
ro KOHTaKTa, THIIEPYyBCTBUTEIBHOCTH K OIIpe/IesIeH-

HEIM CTHMYJIaM, Pa3paKUTETbHOCTH, CTEPEOTHITH-
SIM ¥ COLIMAJIBHON M30JISIITUU. DTH (PEHOMEHBI MOTYT
UMUTHPOBATH WU yCYT'yOIATh CUMITOMEI ayTH3Ma,
(dbopMupysl BTOPUYHBIHN, (PEHOTUITHYECKH CXOKHUU,
HO MOTCHIIMAIBFHO OOPAaTHUMBIH MpPH KyIHPOBAHUHU
Oomu curpom [18].

Kaunnyeckne nannbie 4 Bonpocobl 1udgepen-
HHUAJBHOM JMATHOCTUKHU. B psne KIMHUYECKUX Ha-
OJIIONICHUH U CepHil CllyyaeB OMHCAaHBI COMYTCTBYIO-
1[ye HapyUIeHUs MOBEACHUS, BKIIOYAsi CUMIITOMBI,
CXOJIHBIE C PACCTPOMCTBAMHU ay TUCTUYECKOTO CIIEK-
Tpa, y nereit ¢ HenetaabHBIMHA Gopmamu ['DO [16].
[Ipu 5TOM y YacTU NAIUEHTOB OTMEYANIOCH YIydIle-
HHE KOMMYHUKATHBHBIX HAaBBIKOB M IIOBEIEHUS Ha
¢doHe pepMEeHT-3aMEeCTUTEILHON Tepanuu acGhoTa3oi
anb(ha, 9TO KOCBEHHO YKa3bIBaeT HAa IIPUIUHHO-CIIE]I-
CTBEHHYIO CBS3b [7].

OTHU NaHHBIC CTABAT MEPEA KIUHUIMUCTAMH BaXK-
HYI0 3a/1auy JudQepeHnaibHol TuarnocTuku. Pe-
6eHok ¢ PAC 1 conmyTCTBYIOIIMMU «KPacHBIMHU (prask-
KaM#» TpeOyeT pacHIMpEeHHOro O0CIIeOBaHUS IS
UCKJTFOUCHUS META0OTUICCKUX MPUYUH, K KOTOPHIM
oTHOCcUTCA U 'OD. K TakuM HacTOpaKMBAIOIIUM
MpU3HAKAM OTHOCSTCS:

1. Hanuuue B aHaMHe3e CyI0por, 0COOCHHO C HEO-
OBIYHBIM TEYCHHUEM WIIU OTBETOM Ha TEPAIIUIO.

2. BeIpakeHHas1 MBITIICYHAS THIIOTOHUS, HE yKJIa-
JIbIBarOIasics B KapTuHy TunudHoro PAC.

3. HeoOBsICHUMBIN XpOHWYECKHH OOJEeBOW CHH-
IpOM, TIJTa4, HAPYIICHUS CHA.

4. BrisiBieHHAs CIy4allHO CTOMKasi HU3Kasi aKTUB-
HOCTB IIEJOYHON (ocdaTasbl B CHIBOPOTKE KPOBH.

5. ConmyTCTBYIOIIME KOCTHBIE aHOMAJIUH, PAXUTO-
MOOOHBIC M3MEHEHUS, MPEKICBPEMEHHAsT TOTEPS
MOJIOYHBIX 3yOOB.

B Ttakux cayyasx nenecooOpa3sHO MpOBEICHUE
yriyOJIeHHOr0 METa00INYEeCKOr0 CKPHHHUHTA, BKITFO-
garomniero onpexnencHue yposas PLP, pochosranona-
MUHA B MOYE 1, TIPU BO3MOKHOCTH, MOJICKYJISIPHO-TE-
HeTH4ecKoe TecTupoBanue reva ALPL [2; 15].

3akiawyenne U nepcrnekTuBbl. COBpeMEHHEIE
JIaHHBIC TIO3BOJISAIOT paccMaTpuBaTh runodocdara-
3MI0 KaK CHCTEMHOE MeTa0oJndeckoe 3a00IeBaHue
CO 3HAYUMBIM HEBPOJIOTHYECKHM KOMITOHEHTOM. Ha-
KOIJICHHBIC KIIMHUYECKHE HAOIIOeHUS U OMOJIOTH-
YecKHe TUIMoTe3bl (OPMHUPYIOT yOenuTeIbHbIE apry-
MEHTHI B IIOJIB3Y CYIIECTBOBAHUS MAaTOrCHETHIECKOM
cBs13u Mexny nehunutoM TNAP u HapymeHUsIMHU
HeWpOpa3BUTHUS, BKIIFOYas PAaCCTPOUCTBA ayTHUCTH-
yeckoro cnekrpa. [loHuMaHne coBpeMEHHOH Kiac-
cudukarun PAC, BkiIto4as KaTerOpHI0 BTOPUIHOTO
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cuHapoma Heitpopassutusa B MKb-11, coznaer kon-
LENTyalabHY OCHOBY 15 paccMoTpeHus ['OD kax
BO3MOKHOW 3THOJIOTMYECKOW IPUUYHUHBI 8y TUCTUYE-
CKHX IPOSIBJICHUN Y YACTH MaLIUEHTOB.

B mpakTudeckoM IuTaHe 3TO 03Ha4YaeT HeOOXOIH-
MOCTb MOBBIIIEHUSI HACTOPOKEHHOCTH B OTHOLICHU U
I['D®D y nereit ¢ PAC, umeromux A0MOIHUTENbHBIE
HEBPOJIOTUYECKUE U CKEJIETHBIE CUMIITOMBIL. J{na-
rHocTuka ['@® B 3TOM rpynmne KpUTUUYECKH BaKHA,
MOCKOJIBKY OTKPBIBAET Iy Th JIJIs celn(UIeCKO Te-
panuu (pepMeHT-3aMeCTHTENHHOM Tepanuu acgora-

MeTabonnyeckuii 1e()eKT, HOTEHIINAIBHO MOXKET MO-
TUGHUIIIPOBATh U HEBPOJIOTHUECKUI MPOTHO3.

C Hay4HOH TOYKHU 3peHUS, JaJbHEUIIee N3y YCHHE
ponn TNAP B Helipopa3BUTHH U TypUHEPTrHUECKON
CUTHAJIM3AIIMM MOXXET CTaTh HOBBIM Ba)KHBIM Ha-
MpaBJICHUEM B HCCIEIOBAHNHN OHOJOTHYECKIX OCHOB
ayTusMa. [[1s1 yCTaHOBIEHUSI UCTHUHHOM 4acCTOTHI
u xapakrtepa cBsizu Mexay ' @D u PAC vHeobxoqumsl
MPOCTIEKTUBHBIE KOTOPTHBIE UCCIECAOBAHHUS C IPUME-
HEHHUEM CTaHIapTU3UPOBAHHBIX NUAarHOCTHYECKUX
WHCTPYMEHTOB M OLIEHKOW AWHAMHKH Ha (hOHE 1MaTo-

301 anb(a), KOTopas, BO3ACUCTBYS Ha NMEPBUYHBIH TEHETUUECKOTO JICUCHUS.

CnucoK HCTOYHHUKOB

1. World Health Organization. International Classification of Diseases 11th Revision (ICD-11) [Electronic re-
source] / World Health Organization. Geneva: WHO, 2019. URL: https://icd.who.int/ (zaTa o6pamenus: 17.01.2026).

2. bapanoB A. A. KiimHWYeckre pekOMEHIANMH M0 TUATHOCTHKE W JieueHHUto runodocdarasuu y gerei /
A. A. bapanos, JI. C. Hama3oBa-bapanosa, K. B. CaBocTssHOB, T. B. Mapruesa, E. A. Bumnésa / Ileqnatpu-
yeckas papmakonorus. 2016. T. 13 (6) C. 539-543. DOI: 10.15690/pf.v13i6.1665

3. bepremmu M. O. PaccTpolicTBa HHTEIIIEKTYaIBHOTO Pa3BUTHS U PACCTPONCTBA Ay THCTHIECKOTO CIIEKTPa
B paMKax cienyiomero TpexietHero miana BITA / M. O. Bepremnu, JI. CansBagop-Kapymna, K. M. Mynup
[1 np.] // Bcemupnas ncuxuatpus. 2020. T. 19, Ne 2. C. 260. DOI: 10.1002/wps.20727

4. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision (DSM-5-TR) / American Psychiatric Association. Washington, DC : American Psychiatric Pub-
lishing, 2022. 1120 p.

5. Colazo J. M. Neurological symptoms in Hypophosphatasia / J. M. Colazo, J. R. Hu, K. M. Dahir,
J. H. Simmons // Osteoporos Int. 2019. Vol. 30 (2). P. 469—480. DOI: 10.1007/s00198-018-4691-6

6. Hanics J. Ablation of TNAP function compromises myelination and synaptogenesis in the mouse brain /
J. Hanics, C. Barna, J. Xiao / Acta Neuropathologica Communications. 2018. Vol. 6 (1). P. 27. DOI: 10.1007/
s00441-012-1455-z

7. Harstad E. Differential Diagnosis of Autism and other Neurodevelopmental Disorders / E. Harstad,
S. H. Alderete, H. C. Hodgins [et al.] / Pediatric Clinics of North America. 2024. Vol. 71, Ne 2. P. 157-177.
DOI: 10.1016/j.pcl.2023.12.004

8. Hofmann C. E. Clinical aspects of hypophosphatasia: an update / C. E. Hofmann, P. S. Harmatz,
M. P. Whyte // Clinical Reviews in Bone and Mineral Metabolism. 2013. Vol. 11 (2). P. 60—70.DOI: 10.1007/
$12018-013-9139-y

9. Kishnani P. S. Monitoring guidance for patients with hypophosphatasia treated with asfotase alfa /
P. S. Kishnani, S. Rockman-Greenberg, K. L. Whyte / Molecular Genetics and Metabolism. 2017. Vol. 122
(1-2). P. 4-17. DOI: 10.1016/j.ymgme.2017.07.010

10. Loépez-Torres E. R. Purinergic signaling in the pathophysiology and treatment of autism spectrum disor-
der: A narrative review / E. R. Lopez-Torres, M. T. Miras-Portugal // Frontiers in Pharmacology. 2022. Vol. 13.
Article 980363. DOI: 10.3389/fphar.2022.980363

11. Millan J. L. Alkaline Phosphatases: Structure, substrate specificity and functional relatedness to
other members of a large superfamily of enzymes / J. L. Milldn / Purinergic Signalling. 2006. Vol. 2 (2).
P. 335-341. DOI: 10.1007/s11302-005-5435-6

12. Taketani T. Neurological symptoms of hypophosphatasia / T. Taketani / Sub-cellular biochemistry. 2015.
Vol. 76. P. 309-322. DOI: 10.1007/978-94-017-7197-9 14

13. Waymire K. G. Mice lacking tissue non-specific alkaline phosphatase die from seizures due to defective
metabolism of vitamin B-6 / K. G. Waymire, J. D. Mahuren, S. P. Coburn // Nature Genetics. 1995. Vol. 11 (1).
P. 45-51. DOI: 10.1038/ng0995-45

Hypophosphatasia in Children: a New Look At Neurological Complications and the Connection with Autism Spectrum Disorders (ASD) 81



VYemanosa A. P, Manyiinos I B.

14. Weber T. J. Burden of disease in adult patients with hypophosphatasia: Results from two patient-re-
ported surveys / T. J. Weber, K. L. Sawyer, M. Mignogna / Metabolism. 2016. Vol. 65 (10). P. 1522—1530.
DOI: 10.1016/j.metabol.2016.07.006

15. Whyte M. P. Hypophosphatasia: an overview for 2017 / M. P. Whyte // Bone. 2017. Vol. 102.
P. 15-25. DOI: 10.1016/j.bone.2017.02.011

16. Whyte M. P. Hypophosphatasia: enzyme replacement therapy brings new opportunities and new challeng-
es / M. P. Whyte // Journal of Bone and Mineral Research. 2017. Vol. 32 (4). P. 667—675. DOI: 10.1002/jbmr.3075

17. Hoxtop CAH. MKB-11 — [cuxudeckre v MOBEACHIECKHUE PACCTPONCTBA M HAPYIICHU ST HEHPOTICHX e~
ckoro pa3sutus [DnextponHsiid pecypce] / Jokrop CAH. URL: https:/doctorsan.ru/mkb-11 (mata oOpammeHus:
17.01.2026).

18. Mental Health Academy. The Lost Generation of Adults with Autism [Electronic resource] / Mental
Health Academy. URL: https:/www.mentalhealthacademy.com.au/blog/the-lost-generation-of-adults-with-au-
tism (xara obpamienus: 07.01.2026).

19. My Patient Advice. Is ICD-11 Autism Definition Broader than DSM-5? [Electronic resource]/ L. Alvarez //
My Patient Advice. 2025. URL: https:/mypatientadvice.co.uk/knowledge-base/autism/diagnosis-and-identifi-
cation/diagnostic-criteria/is-icd-11-autism-definition-broader-than-dsm-5/ (natra o6pamenus: 17.01.2026).

20. National Autistic Society. Criteria and tools used in an autism assessment [Electronic resource] / Na-
tional Autistic Society. URL: https://www.autism.org.uk/advice-and-guidance/diagnosis/assessment-and-diag-
nosis/criteria-and-tools-used-in-an-autism-assessment (nara oopamenus: 17.01.2026).

21. National Institute for Health and Care Excellence. Autism spectrum disorder in under 19s: recogni-
tion, referral and diagnosis (Clinical guideline CG128) [Electronic resource] / NICE. 2011 (updated 2017).
URL: https://www.nice.org.uk/guidance/cg128/chapter/Context (nata oopamenus: 17.01.2026).

22. PMC. Table 1. DDs according to ICD-11, ICD-10, and DSM-5 [Electronic resource] / PMC. URL: https:/
pmec.ncbi.nlm.nih.gov/articles/PMC12638323/table/Tabl/ (nata obpamienus: 17.01.2026).

References

1. World Health Organization. International Classification of Diseases 11th Revision (ICD-11) [Electronic re-
source] / World Health Organization. Geneva: WHO, 2019. Available from: https://icd.who.int/ (Accessed: 17.01.2026).

2. Baranov AA. Clinical recommendations for the diagnosis and treatment of hypophosphatasia in children /
AA Baranov, LS Namazova-Baranova, KV Savostyanov, TV Margieva, EA Vishneva. Pediatric pharmacology.
2016;13(6):539-543. DOI: 10.15690/pfv13i6.1665 (In Russ.).

3. Bertelli MO. Intellectual development disorders and autism spectrum disorders in the framework of the
next three-year VPA plan / MO Bertelli, L Salvador-Carulla, KM Munir [et al.] World psychiatry. 2020;19(2):
260. DOI: 10.1002/wps.20727 (In Russ.).

4. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision (DSM-5-TR) / American Psychiatric Association. Washington, DC : American Psychiatric Pub-
lishing, 2022. 1120 p.

5. Colazo JM. Neurological symptoms in Hypophosphatasia / JM Colazo, JR Hu, KM Dahir, JH Simmons.
Osteoporos Int. 2019;30(2):469-480. DOI: 10.1007/s00198-018-4691-6

6. Hanics J. Ablation of TNAP function compromises myelination and synaptogenesis in the mouse brain / J Han-
ics, C Barna, J Xiao. Acta Neuropathologica Communications. 2018;6(1):27. DOIL: 10.1007/s00441-012-1455-z

7. Harstad E. Differential Diagnosis of Autism and other Neurodevelopmental Disorders / E Harstad, SH Al-
derete, HC Hodgins [et al.] Pediatric Clinics of North America. 2024;71(2):157-177. DOI: 10.1016/j.pcl.2023.12.004

8. Hofmann CE. Clinical aspects of hypophosphatasia: an update / CE Hofmann, PS Harmatz, MP Whyte //
Clinical Reviews in Bone and Mineral Metabolism. 2013;11(2):60-70. DOI: 10.1007/s12018-013-9139-y

9. Kishnani PS. Monitoring guidance for patients with hypophosphatasia treated with asfotase alfa /
PS Kishnani, S Rockman-Greenberg, KL Whyte. Molecular Genetics and Metabolism. 2017;122(1-2):4-17.
DOI: 10.1016/j.ymgme.2017.07.010

10. Lopez-Torres ER. Purinergic signaling in the pathophysiology and treatment of autism spectrum disor-
der: A narrative review / ER Lopez-Torres, MT Miras-Portugal. Frontiers in Pharmacology. 2022;13. Article
980363. DOI: 10.3389/fphar.2022.980363

&2 Alina R. Usmanova, Gennadiy V. Manuilov



Tunoghocghamasus y demeii: HOBbII 8321510 HA HEBPOTLOSUYECKUE OCTIONCHEHUS U C653b C paccmpolicmeamu aymucmuyeckozo cnexmpa (PAC)

11. Millan JL. Alkaline Phosphatases: Structure, substrate specificity and functional relatedness to oth-
er members of a large superfamily of enzymes / JL Millan. Purinergic Signalling. 2006;2(2):335-341.
DOI: 10.1007/s11302-005-5435-6

12. Taketani T. Neurological symptoms of hypophosphatasia / T Taketani. Sub-cellular biochemistry.
2015;76:309-322. DOI: 10.1007/978-94-017-7197-9 14

13. Waymire KG. Mice lacking tissue non-specific alkaline phosphatase die from seizures due to defec-
tive metabolism of vitamin B-6 / KG Waymire, JD Mahuren, SP Coburn. Nature Genetics. 1995;11(1):45-51.
DOI: 10.1038/ng0995-45

14. Weber TJ. Burden of disease in adult patients with hypophosphatasia: Results from two patient-report-
ed surveys / TJ Weber, KL Sawyer, M Mignogna. Metabolism. 2016;65(10):1522-1530. DOI: 10.1016/j.me-
tabol.2016.07.006

15. Whyte M. P. Hypophosphatasia: an overview for 2017 / M. P. Whyte. Bone. 2017;102:15-25. DOI: 10.1016/].
bone.2017.02.011.

16. Whyte MP. Hypophosphatasia: enzyme replacement therapy brings new opportunities and new challeng-
es / MP Whyte. Journal of Bone and Mineral Research. 2017;32(4):667-675. DOI: 10.1002/jbmr.3075

17. Dr. SAN. ICD-11 — Mental and behavioral disorders and neuropsychic development disorders [Electron-
ic resource] / Dr. SAN. Available from: https:/doctorsan.ru/mkb-11 (Accessed: 17.01.2026).

18. Mental Health Academy. The Lost Generation of Adults with Autism [Electronic resource] / Mental
Health Academy. Available from: https:/www.mentalhealthacademy.com.au/blog/the-lost-generation-of-adults-
with-autism (Accessed: 07.01.2026).

19. My Patient Advice. Is ICD-11 Autism Definition Broader than DSM-5? [Electronic resource] / L Alvarez.
My Patient Advice. 2025. Available from: https:/mypatientadvice.co.uk/knowledge-base/autism/diagnosis-and-iden-
tification/diagnostic-criteria/is-icd-11-autism-definition-broader-than-dsm-5/ (Accessed: 17.01.2026).

20. National Autistic Society. Criteria and tools used in an autism assessment [ Electronic resource] / Nation-
al Autistic Society. Available from: https:/www.autism.org.uk/advice-and-guidance/diagnosis/assessment-and-diag-
nosis/criteria-and-tools-used-in-an-autism-assessment (Accessed: 17.01.2026).

21. National Institute for Health and Care Excellence. Autism spectrum disorder in under 19s: recognition,
referral and diagnosis (Clinical guideline CG128) [Electronic resource] / NICE. 2011 (updated 2017). Available
from: https://www.nice.org.uk/guidance/cgl28/chapter/Context (Accessed: 17.01.2026).

22. PMC. Table 1. DDs according to ICD-11, ICD-10, and DSM-5 [Electronic resource] / PMC. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC12638323/table/Tabl/ (Accessed: 17.01.2026).

HNudopmanus 06 aBTopax
A. P. YcmanoBa — cTyneHTKa 5 Kypca paxkynbreTa pyHIaMEHTAIBHOW METALIHHEL.

I. B. ManyiiJI0B — KaHIUJAT ICHXOJOTHYSCKUX HAYK, TOIEHT Kadeaphl ICHXOJIOTHH YIIPABICHUS U CITyKeOHOH
JIeSITETTBHOCTH.

Information about the authors
A. R. Usmanova — 5th year student of the Faculty of Fundamental Medicine.

G. V. Manuilov — Candidate of Psychological Sciences, Associate Professor of the Department of Psychology
of Management and Performance.

Cmamuws nocmynuna 6 pedaxyuio 18.02.2026, npunsi-  The article was submitted 18.02.20265, accepted for

ma x nyoauxayuu 20.02.2026. publication 20.02.2026.

Bxnan aBTOpOoB: 00a aBTOpa caenanu skBuBaieHT-  Contribution of the authors: the authors contributed
HBIH BKJIaJ] B TOATOTOBKY ITyOJIMKAITHH. equally to this article.

ABTODEHI 3asBISAIOT 00 OTCYTCTBUM KOH(muKTa MH-  The authors declare no conflicts of interests.
TEPECOB.

Hypophosphatasia in Children: a New Look At Neurological Complications and the Connection with Autism Spectrum Disorders (ASD) 83



