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YCTaHOBIICHO, YTO CKENEeT — ONPEeIISIOIIINA
(bakTop COXpaHEHUs] MEXaHWYECKOW IIeTTOCTHOCTH
OpraHu3Ma M pEeryasiliid TOMEOCTa3a KalabLusi U
docdopa. Beicokast akTUBHOCTb KOCTHOTO peMOJIe-
JIMPOBAHMS Y BACKYJISIPU3ALUS CKeJIeTa TAKKe CBHU-
JIETEIBCTBYIOT O TOM, YTO KOCTHAsI TKAHb MOXKET He-
CTH JOTIOJTHUTEIIbHBIA BKJIAJ B (PM3HOJIOTHIO BCEIO OpPraHm3-
Ma, romeocrasa [1]. Caxapusiii nuader 2 tuna (C/12) u ocreo-
MOpPO3 — JIBa 3HAYMMBIX XPOHHYECKHX 3a00JIEBaHUsI, PacIpo-
CTPaHEHHOCTh KOTOPBIX YBEIMYHBAETCS C BO3PACTOM, H C TO-
JAMH HX PacIpOCTPAHEHHOCTh OyAeT yBENIUYMBAaThCS emlié
Gounbie [2]. B kayecTBe npumepa, 0XKHIAETCS, YTO PACHpO-
CTPaHEHHOCTh CaxapHOro quadera yBelmauTcs Ha 55% B clie-
nyromue 30 set: oT 382 MWIITHOHOB JIOAEH TIO BCEMY MHPY
B 2013 rogy x 592 mwumonam k 2035 roay. Pacuernoe ko-
JIMYECTBO OCTEOHNOPOTHUECKUX HEPEIOMOB Oelpa IO BCEMY
MHpY Taroke Bo3pacteT ot 1.66 muumoHoB B 1990 rony k 6.26
vummroHaM B 2050 roxy [3]. U octeomopo3 u caxapHbIii an-
a0eT acCOIMUPOBAHBI C YBETMYEHUEM YaCTOThI HU3KOTPaBMa-
TUYHBIX I€PEIOMOB, YTO 00YCIOBIEHO HAPYLIEHUEM KaueCcTBa
KOCTH U YBEJIIMUCHHEM PUCKa MaICHIH, aCCOIIMIPOBAHHOTO CO
CHIDKCHHEM MBIIICYHON (DYHKIIHHM M BBICOKOH HPOBOM Mac-
coii [4], B cBA3U C 4eM BO3ZHHMKAET KIMHUYECKAs XapaKTepH-
CTUKa «AuabeTonopos3a» (wim auabderudeckas 00JIE3Hb KOCT-
HOW TKaHM).

JIOKITMHIYIECKHe MCCIeIOBAHMS YKa3bIBAIOT Ha OOIINE Me-
XaHM3MbI IIaTOreHe3a 00oux HapyiueHuil. [locnenHue naHHbIC
MO3BOJIJIN YCTAHOBUTD, YTO CYIIECTBYET YETKAsl CBSI3b MEXY
[ITFOKO301 M KOCTHBIM METa0O0IU3MOM.

V3BecTHO, YTO KOCTHAsh TKAaHb OTHOCHTCS K WHCYJIHMH-
perynupyeMsIM TKaHsM [5], HO, YTO Ba)KHO, BBISICHUJIOCH CY-
LIECTBOBAHUE OOPaTHOM CBSA3M, C IOMOIIBIO OCTEOKAJIbIHMHA,
UTOKMHA ocTeoOnacToB. [TomyueHbl JaHHbIE, YTO OCTEOKAIIb-
[IMH YBEJIMYMBAET BHICBOOOXKICHHE MHCYIMHA U3 OeTa-KIETOK
U ONOCPEJOBAHHO YCHWJIMBAET €ro JEHCTBHE IIyTEM YCHIICHUS
BBICBOOOXK/ICHUS aJTUITOHEKTHHA U3 KUPOBOM TKaHu. [6, 7]. Tor
(baKT, 9TO KOCTHOE PEMOJISTMPOBAHUE MIPOUCXOUT €XKETHEBHO,
BO MHOTHX MECTaX U B OpraHe, 3aHUMAIOLIM OYeHb OOJIBIIYIO
TIOBEPXHOCTH, YKa3bIBACT HAa TO, UYTO B KOCTHOM TKaHU npouc-
XOZIIT BBICOKORHEPIETUUECKUE IMPOLECChI, KOTOPbIE JOJKHBI
OBITh JKECTKO OTPETYJIMPOBAHBI, YTO, B CBOIO OYepe/lb, YKa3bl-
BaeT Ha HEOOXOAMMOCTB OoJIee YeM OJJHOTO peryisitopa. B pe-
3yNBTaTe B3MISI HA KOCTHYIO TKaHb KaK SHIOKPUHHBIA PEry-
nsitop uepe3 FGF23 1 ocreokalbliH TIPUBEIIO K MIEPECMOTPY
POJTH OCTEOLUTOB ¥ KOCTHBIX (DaKTOPOB B PAa3BUTHH META00NH-
Yyeckux 3aboneBanuil, Takux kak CJI 2 tumna. [TomyueHue Mbi-
meii ¢ nedunmrom GPRCOA (perienitopa 0CTeOKaIbLMHA), HH-
CyJMHA, OCTEOIPOTErepPUHA MO3BOIMIO IPOSICHUTL UX POJb B
rOMeOoCTa3e KOCTHOW TKaHH M OOHAPYKHUTh MX ITOTCHIMAILHO
BKHYIO (DYHKIHIO B TOMEOCTa3€ ITIOKO3BL. DTOT JOKJIAJ IOKa-
3BbIBACT NEPCICKTUBBI AJI1 HECKOJIbKHX (1)3.I(TOpOB, TMOJIyYCHHBIX
M3 KOCTHOM TKaHH, KOTOPbIE MOTYT PErylHpOBaTh ITUKEMUIO
MyTEM aKTUBAIMKM WM WHIHOUPOBAHMS KOCTHOTO PEMOJIEITH-
POBaHMS WM ITYTEM IIPSIMOTO BIMSIHUS Ha KITIOYEBBIE OPraHbl,
HanpuMmep, Ha posudepariiio 6eTa-KIeToK, SKCIPECCHIO U ce-
KpPELUIO UHCYINHA, HAKOIUIEHUE U BbICBOOOMK/ICHUE IIIOKO3bI
TMIEYCHBI0, COKPAILIEHHE CKEJIETHBIX MBI U YBEIIMICHUE JTOTN
Oypoit xupoBoii Tkauu. CleyeT MPOIOIKUTh U3YUCHUE CBSI-

31 MEXKy OpraHaMu ¢ ygacTreM (pakTopoB KOCTHON TKAHH JIIsI
MIOHUMaHUS TaTO(HH3UOIOr UK MeTabOITH3Ma ITFOKO3bI M caxap-
HOTro uadera.

Bone and metabolic control.

Skeleton has been demonstrated to be determinant to
preserve the mechanical integrity of the organism and to
regulate calcium and phosphorus homeostasis. The high bone
remodeling activity and vascularization of the skeleton also
suggest that the bone tissue by its surface can have additional
contribution to physiology of the whole organism, homeostasis
[1]. Type 2 diabetes mellitus (T2DM) and osteoporosis are
two major chronic disorders which prevalence increases with
aging and is predicted to worsen in the coming years [2]. As
an example, the prevalence of diabetes is expected to increase
by 55% in the next 20 years, rising from 382 million people
worldwide in 2013 to 592 million by 2035. The estimated
number of osteoporotic hip fractures worldwide will also
rise from 1.66 million in 1990 to 6.26 million in 2050 [3].
Both osteoporosis and diabetes are associated with increased
fragility fractures, resulting from alterations of bone quality and
increased risk of falls, associated to a loss of muscle function
and to a high fat mass [4], providing the clinical characteristics
of diabetoporosis (or diabetes bone disease).

Preclinical investigations suggest common mechanisms
implicated in the pathogenesis of both disorders. Recent
evidence has established that there is a clear link between
glucose and bone metabolism.

Bone is known as an insulin regulated tissue [5], but
importantly, existence of feedback has emerged, with
osteocalcin, an osteoblast derived osteokine, reported to
increase insulin release from beta cells and indirectly increasing
insulin action through enhanced release of adiponectin from
adipose tissue [6, 7]. The fact that bone remodeling occurs
daily, in multiple locations and in an organ covering a very large
surface area suggests that bone has a high energy demanding
process which need to be tightly regulated, also suggest a need
of more than one regulator. Hence, the emergences of bone as
an endocrine regulator through FGF23 and osteocalcin have led
to the re-evaluation of the role of bone cells and bone derived
factors in the development of metabolic diseases such as T2DM.
The development of GPRC6A (osteocalcin receptor), insulin,
osteoprotegerin deficient mice have allowed to elucidate their
role in bone homeostasis, as well as revealed their potential
important function in glucose homeostasis. This presentation
propose emerging perspectives for several bone derived
factors that may regulate glycaemia through the activation or
inhibition of bone remodeling or directly by regulating function
of key organs such as pancreatic beta-cell proliferation, insulin
expression and secretion, storage and release of glucose from
the liver, skeletal muscle contraction and browning of the
adipose tissue. Connections between organs including bone
derived factors, should further be explored to understand the
pathophysiology of glucose metabolism and diabetes.
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NPUHIMUIIBI TEHETUYECKOM JTUATHOCTUKH

CKEJIETHBIX JJUCILJIABUI

3asedyrouuil kagedpoti meduyunckou eenemuru Ilepsoco MIMY

Ckenernble qucriazuu (C/1) npeacraBisior co-

0oif OONBIIYI0, TETEPOTCHHYIO TPYINTy 3a0oNeBa-

HUH, U1 KOTOPBIX XapaKTepHbI HAPYIIECHHS PO-

cTa, pazsutus, TuddepeHIanm U noaaepKaHust

CTPYKTYpBbI KOCTHOM M XpsiiieBoi TkaHu. HecMoTps

Ha PEAKOCTh OTACIBHBIX (HOPM, MHHUMAITbHAS OIICH-

ka o0meit yactorel C/I cocrapiser mpumMepHo Kak 1: 5000 k-

BOPOJKAEHHBIX, WK 5% OT BCEX HOBOPOXKAECHHBIX C BPOXKIIEH-

HBIMH aHOMAJIMSIMU Pa3BUTHSL. BemyliuM KIMHHYECKHM IPO-

sieiierreM CJ] siBisieTcss HapylIeHHE ONOPHO-IBHIATEILHOTIO

anmapara, HanboJee YacTo MPOSIBILIONIEECS] HU3KOPOCIOCTBIO.

OpHaKo TSHKECTh U BHIPAKEHHOCTh KIIMHUYECKUX MPOSIBICHUI

MOXKET BapbUpPOBaTh OT CYOKIMHUYECKHX, CTEPTBIX (OPM CO

CpeIHUMHU TOKa3aTe MU POCTa JI0 BBIPAKEHHON HU3KOPOCIIO-

cTH (KapJIMKOBOCTH) C JICTAJIbHBIM MCXOJIOM 3a00JICBAHUS B aH-
TEHATAIbHBIN U TIEPHUHATATIBHBIA TIEPHOIBL.

B ctpykrype C/] Begyliee MECTO 3aHUMAIOT HACIEACTBEH-
HBIE MOHOTeHHBIE (POpMEI. B HacTosIIee Bpems B karaore B.
MakKstocuka (OMIM) npuBeneHo 6osee 450 MOHOTCHHBIX
HO30JIOTHUECKHUX (OPM Pa3IMUHBIX CKEIETHBIX IAMCIIIA3UIL.
Bosnbioe 4nciio matoreHHbIX MyTauuid U (PeHOTHIIOB, 00y-
CJIOBJIEHHBIX MIMH, JIeNIaeT aKTyallbHOM mpobieMy onadopa-
topHO#l auarHoctuku CJ[. OueBHIHO, 4TO (POPMHUPOBAHHE
y3Kkoro auppepeHInaibHO-TMIarHOCTHYECKOTO Psijia aTolio-
THYECKHX COCTOSHHI CO CKEJICTHBIMU HapYLICHUSIMU T103BO-
JIAT CYLIECTBEHHO COKPAaTHTh BpeMsi BepH(DUKAIMN JAUATHO-
3a, 3HAUUTENILHO CHHU3UTH 3aTPATHYIO YacTh JAUArHOCTHUKH U
MOBBICUTh APPEKTUBHOCTh MEHKO-TEHETHYECKOTO KOHCYIIb-
tupoBanus npu CJI. B 3T10i1 cBS31M MOXXHO BBLICIUTH TPH CO-
CTaBISIIOIIIE aITOPUTMAa TEHETHIECKOM TMarHOCTHKHU CKEJeT-
HBIX JUCIUIA3HHA: KIMHUKO-aHTPOIIOMETPUYECKHH aHaIH3 (e-
HOTHIIA; TeHEeATOTMUEeCKUl aHaIi3 HCTOPHHU 3a00JIeBaHuUs; Ja-
OopaTropHbIe METOIbI BEpUPHUKALMH KIMHIYECKOTO IMarHo3a.

WNT CUT'HAJIBHBIU ITYTh B UCCJIEJOBAHUSX

KOCTHOM TKAHU

B 1982 romy Roel Nusse u Harrold Varmus
BIIEpBBIE omucanu TeH Intl Ha Mopmensx MbIIIeH,
ero M30BITOYHAS aKTUBALMS MPUBOAWIA K Pa3BH-
THUIO paKka MOJIOUHOI1 sxene3pl. [IpakTruyecku napain-
JIETTEHO SHTOMOJIOTH OTIMCAJIN OTCYTCTBHE KPBUTHEB
y Apo30(uIibl ¢ yIaaeHHBIM TeHOM wng (wingless)
[1,2]. OObennHeHE Ha3BaHUH ATUX TEHOB MPUBEJIO K MOSBIIC-
HUIO COBpeMeHHOTro Ha3BaHus WNT.
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A. 10. ACAHOB
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KIMHUKO-aHTPOTIOMETPHYESCKUN aHAIN3 BKJIIOYACT TO/I-
POOHYIO KIIMHUYECKYIO OIICHKY Pa3BHTHS U OCOOCHHOCTEH
OIIOPHO-ABUTATENEHON CHCTEMBI, TaHHBIC PEHTIEHOJIIOTHYe-
CKOTO HCCIIE/IOBaHUS, aHAIN3 (PEHOTUITUYECKUX OCOOCHHO-
cTeil 00oabHOTO (AU3MOP(UHU, Mayble AaHOMAIUH Pa3BHUTHI,
MOp(OreHeTHIeCKIe BapUaHTBI), YTO HEOOXOIMMO JUIS TIPO-
BEJICHUS] CHH/IPOMOJIOTUYECKOr0 aHann3a. OCHOBOM JUIs BbI-
SIBJICHUS HACJICACTBCHHOTO XapakTepa 3a00JIeBaHUsI M €ro
THUIa HACICOBAHUS CIYKUT I'€HEAJOTHYECKHH METOM, 4TO
0Cc00eHHO BaxHO JuIst Tpymiibl CJI, KOTOpBIE OTIIMYAIOTCS BbI-
paKEHHOW TEHETUYECKOH TeTepOTeHHOCTHIO TPH CXOMHBIX
(eHOTUNIMUECKUX NPOsIBICHUAX. OKOHYaTeIbHAs BepUpHKa-
[Us IMarHo3a OCYLIECTBIAETCS Ja00paTOpHbIMU, B YaCTHO-
CTH MOJIEKYJSIPHO-TEHETHUECKHMH MeTofamu. OJHaKo mpa-
BWJIBHBIHA BBIOOP MeTona (MIOITHOT€HOMHOE, TIOTHOAK30MHOE,
TapreTHOEC CEKBCHHPOBAHHME U JAp.) ONPENENsIeTCs AeTallb-
HBIM TPEABAPUTEIBLHBIM KITHHUKO-TCHEATOTHISCKIUM aHa-
JIU30M.

JIUTEPATYPA

1. Bonafe L, Cormier-Daire V, Hall C, Lachman R,
Mortier G, Mundlos S, Nishimura G, Sangiorgi L, Savarirayan
R, Sillence D, Spranger J, Superti-Furga A,

2. Warman M, Unger S. Nosology and classification of
genetic skeletal disorders: 2015 revision. Am J Med Genet
Part A 9999A:1-24.

3. McCarthy EF. Genetic diseases of bones and joints.
Semin Diagn Pathol. 2011:28(1):26-36.

4. D. Krakow, MD, and D. L. Rimoin, MD, PhD. The
skeletal dysplasias. Genet Med. 2010:12(6):327-341.

5. Sheila Unger, MD. A Genetic Approach to the
Diagnosis of Skeletal Dysplasia. Clinical orthopaedics and
related research, 2002, 401, pp. 32-38

K. E. BEJIAA
0.M.H., 3a8. omoeieHuem HeupOIHOOKPUHOLOUU
u ocmeonamuii ®I'FY DHIL] M3 PO

JI0BOJIBHO OBICTPO OBLIO TIOKA3aHO, YTO reHbl Wnt MOJTHO-
CTBIO OTCYTCTBYIOT Y OJHOKJIETOYHBIX OPIaHM3MOB, U UX 3a-
YaTKU BIEPBbIC MOSIBISIOTCS Y KOJIOHHATBHBIX MHOTOKJIETOY-
HBIX, U B JTAJIbHEHIIIEM CTPYKTypa Wnt-CHTHAJIa TIPOTPECCUB-
HO ycnoxusiercs [3]. Haubonee BepositHo Wnt-CUTrHATBHBIN
MyTh WIPAET KIIOUEBYIO pOJIb B JUPQEPEHIMPOBKE TKaHEH
U OpPraHOB MHOTOKJICTOYHOIO OpraHM3Ma, oOecIednBas BO3-
MOXXKHOCTh CaMOBOCIIPOU3BEICHHUS TMOJUIIOTEHTHON CTBOJIO-
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