ISSN 1310-8131

@ HQOKPUHOAO2US

Bb3mo)kHOoCcmu 3a mpaHcnAGHMAuUUY HAG UHCYAUH-NPOGY-
uupawu -knemku ype3 3D buonpuHmupaHe: HoBo Ha-
npaBaeHue B eHgokpuHono2uama

Transplantation of Insulin-Producing -Cells Through 3D
Bioprinting: a New Direction in Endocrinology

BAugHue Ha mupeougHama guc$pyHkuyuga Bopxy monekyasap-
Hume mapkepu Ha kocmHug obmeH u WNT uHxubumopume
SCLEROSTIN u DICKKOPF 1

Effect of Th yro:d Dysfunctlon on the Molecular Markers

=
>
o
C<)
o
X
2
=
o
™
-y
Q
o
-
o
Q
&
o
Q
=<
=
Q_
()
o
~
o
Q_
S
0o
<
Ka)
LQ

VPN 5 Bulgarian Society of Endocrinology




ISSN 1310-8131

EHL OKPHHOJIOINNA
ENDOCRINOLOGIA

CnucaHuemo ce uHgekcupa om/The journal is indexed by:
- Elsevier Bibliographic Databases, (SCOPUS) Netherlands
« EMBASE « EBSCO
« Bulgarian Citation Index

Editorial Board/PegakyuoHHa koreeusi u cbBem

Editor-in-Chief: Maria ORBETZOVA
Ia6en pegakmop: Mapua OPBEL|OBA

'-‘

Honorary Editor-in-Chief: Bojan Lozanov
[Touemen eraBeH pegakmop: boaH Ao3aHoB

Axeaua TomoBa/Aneliya Tomova Kama TogopoBa/Katia Todorova
AnHa-Mapua bopucoBa/ Kupua Xpucmo306/Kiril Hristozov
Anna-Maria Borissova Augua Koe6a/Lidia Koeva

Amanacka ErenkoBa/Atanaska Elenkova Maauna NMemkoBa/Malina Petkova
Baagumup XpucmoB8/VIadimir Christov Mumko Mumko6/Mitko Mitkov

Feopau Kupuro6/Georgi Kirilov Muxaua boano8/Mihail Boyanov
Apazomup Koe8/Dragomir Koev Hapuyuc KaaeBa/Nartsis Kaleva

XuBka bone6a /Zhivka Boneva Maamen MonuBano6/Plamen Popivanov
Xyauema lepenoBa/Julieta Gerenova Pagka CaBo6a/Radka Savova

3gpabko Kameno6B/Zdravko Kamenov Pycanka KoBaueBa/Roussanka Kovatcheva
N6an LlunAaukoB/Ivan Tzinlikov Ca6uHa 3axapueba/Sabina Zacharieva
Uauana AmanacoBa/lliana Atanassova @uaun Kymano8/Philip Kumanov

Kaaunka KonpuBapoBa/Kalinka Koprivarova Li8emaauna TankoBa/Tsvetalina Tankova

International Scientific Board/MexgyHapogeH HayyeH cbBem

A. Bulatov (Moscow)/ A. byanamoB8 (MockB8a)

M. Coculescu (Bucharest)/M. Kokyaecky (bykypew)

G. Erdogan (Ankara)/I. EpgoeaH (AHkapa)

J. Fovenyi (Budapest)/1. DvoBenu (byganewga)

A. Isidori (Rome)/A. Vi3ugopu (Pum)

B. Karanfilski (Scopie)/b. Kaparndguacku (Ckonue)

P. Kendall-Taylor (Newcastle upon Tyne)/I'l. Kengba-Teliabp (Hiokacba Ha TadH)
G. Krassas (Thessakoniki)/T. Kpacac (CoayH)

J. H. Lazarus (Cardif)/ Axx. Aazapyc (Kapgud)

E. Nieschlag (Munster)/ E. Huwnaz (MioHcmep)

S. Refetoff (Chicago)/ C. PechpemoB (Hukazo)

M. Serrano Rios (Madrid)/ M. Cepparo Puoc (Magpug)

bbA2apCKO gpyXecMBO No EHYOKDUHOAOZUS

Tom XXIV / Volume XXIV

Bulgarian Society of Endocrinology ~ 3/2019




ISSN 1310-8131

cnucarue EHGOKPUHONORUS o o0 s 2015

Ob3zopu

- boagxxue6a, Hagka U., Bapaguno6a, MupocaaBa I., Kepumo8, Cnac A., MemogueBa, Pocuua A.
Bb3moxHOCMU 3a mpaHcnAaHmMayua Ha UHCYAUH-npogyuupawu b-kaemku upe3 3D GuonpuHmupate:
HoB0o HanpaBaeHue B eHgokpuHoAO2UAMA 119

+ MumeBa, Mapua X., Opbeuo6a, Mapua M., HonueB, boan NB., AaBueBa, Aerana M.
BAuaHue Ha mupeougHama gucyHkyua Bbpxy MoAeKyAApHUME Mapkepu Ha kocmHua obmeH u WNT uHxubumopume
SCLEROSTIN u DICKKOPF 1 126

OPUZU HAAHU cmamuu

- CmouHoBa, Mapusa A., LLluHko6, ArekcaHgosp A., KoBaueBa, Pycanka A.
Acouuauua mexxgy Hakou exozpadpcku napamempu u HuBama Ha TSH-peuenmopHume aHmumeaa 137

+ YakbpoBa, HeBena 4., AumoBa, Pymana b., MunueBa, Pocuya C., [po3eBa, Ipema I., TogopoBa,
Anu C., CepgapoBa, Muna C., Tanko6a, Ll6emaauna .
Bumamun B12 cmamyc 6 6ba2apcka nonyaayua nayueHmu cbe 3axapeH guabem mun 2 147

« AumoBa, Pymana b., YaksvpoBa, HeBeHa 4., Ipo3eBa, lpema I., KupuroB, leopau I.,
AakoBcka, Auaua H., TankoBa, LiBemaauna U.
CopgeuHo-cbgoBuam aBmoHomeH moHyc e cBbp3aH ¢ uHcyauHoBama peucmeHmHocm npu npeguabem 141

YkasaHug 3a aBmopume 172

Journal Endocr iﬂOlOgia volume XXIV, number 3/2019

Rewiews

EHQOKPUHOAOUS]

- Boyadjieva, Nadka I., Varadinova, Miroslava G., Kerimov, Spas, Metodieva, Rositsa D.
Transplantation of Insulin-Producing b-Cells Through 3D Bioprinting: a New Direction in Endocrinology 119

- Miteva, Maria J., Orbetzova, Maria M., Nonchev, Boyan Iv., Davcheva, Delyana M.
Effect of Thyroid Dysfunction on the Molecular Markers of Bone Metabolism and WNT Inhibitors SCLEROSTIN
and DICKKOPF 1 126

Original articles

- Stoynova, Mariya A., Shinkov, Alexander D., Kovatcheva, Roussanka D.
Association Between Some Ultrasound Parameters and TSH-Receptor Antibodies 142

- Chakarova, Nevena Y., Dimova, Rumyana B., Mincheva, Rositsa S.,
Groseva, Greta G., Tododrova, Ani S., Serdarova, Mina S., Tankova, Tsvetalina I.
Vitamin B12 Status in a Bulgarian Population with Type 2 Diabetes 154

- Dimova, Rumyana B., Chakarova, Nevena Y., Grozeva Greta G., Kirilov, Georgi G., Dakovska, Lilia, N.,
Tankova, Tsvetalina I.
Cardiovascular Autonomic Tone is Related to Insulin Resistance in Prediabetes 165

Instructions to authors 172

bbA2apCKO gpyxecmBo no

Bulgarian Society of Endocrinology



Ob3op/Review

Bb3amoXHocmu 3a mpaHcnAGHMAUUY HA UHCYAUH-NpOgyuuUpawiu

B-knemku ypes 3D buonpuHmupaHe: HoBo HanpaBaeHue B

EHgOkPUHOAOZUﬂmG

boagxueBa, Hagka U., BapagunoBa, MupocaaBa I., Kepumo6, Cnac A,

MemogueBa, Pocuua A.

Kamegpa no MDapmakorozua u Tokcukoro2uq, MeguuuHcKU hakyamem,

MeguuuHcku yHuBepcumem, Codpusa

Transplantation of Insulin-Producing 3-Cells Through 3D Bioprinting:
a New Direction in Endocrinology

Boyadjieva, Nadka I., Varadinova, Miroslava G., Kerimov, Spas, Metodieva, Rositsa D.
Department of Pharmacology and Toxicology, Medical Faculty, Medical University - Sofia

Pe3siome

3axapHuam guabem e 3aboaaBane, yuamo uvec-
moma npogbaxkaBa ga HapacmBa u Bbnpocbm 3a
mbpceHe Ha HOBU memogu u mexHoAO2UU 3a npe-
ogoaaBaHe Ha uHcyauHoBa peucmeHmHoOCmM u/uAu
gocmabaHe Ha Heobxogumua UHCYAUH B op2aHu3ma
e u3kAatouumeaHo akmyaaseH. Ha ocHoBama Ha pa3s-
pabomeHume npe3 nocAegHume 20guHU mMemogu
3a gugepeHyupaHe Ha B-KA€MKU Ha naHkpeac om
cmBoAroBu KAEMKU U MAXHOMO MmpaHcNAaHmupa-
He Ha nauyueHmMu CbC 3axapeH guabem ce npoyuBa
Bb3moxkHocmma Ha HoBa mexHoAoz2ua, ocuzypaba-
wa mpaHcnaaimauua Ha 3D GuonpuHmupaHa mb-
KaH, 6o2ama Ha UHCYAUH-Npogyuupawu B-Kaemku.
Tpu ca Bogewume emanu Ha MO3u Memog: Npeg-
Bapumeaer eman Ha 3D pazpabomka Ha mogeaa u
npuHmupaxe; Guonpunmupaxe upe3 u3znoa3BaHe
Ha CcycneH3uAa om KAemMKuU, MampuKkcC U XpaHumeAHU
BewecmBa, kKoAMo Kamo KOMNAeKC ce Hapuya ,6uo-
Macmuao”; eman caeg buonpuHmupaHe, Koumo e
nocAaegHuam npouec Ha uzpabomBaHe Ha cmabua-
Ha cmpykmypa om GuoAao2uveH mamepuaa.

IMpegcmaBeHu ca pazauuHu uzcaegBaHun, goky-
MEHMUpPAaWU Kakmo cneyuguyHume xapakmepucmu-

Abstract

The prevalence of diabetes continues to rise
and the search for new methods and techniques
to overcome insulin resistance and/or deliver the
necessary insulin to the body is an extremely top-
ical issue. Based on the methods developed for
the differentiation of stem cells into pancreatic
beta cells in recent years and their transplanta-
tion into patients with diabetes mellitus, the pos-
sibility of a new bioprinted tissue transplantation
techno - logy, rich in insulin-producing beta cells,
is being explored. There are three basic stages in-
volved in this method: pre-processing preliminary
stage of 3D model development and printing; bi-
oprinting using a suspension of cells, matrix and
nutrients, which as a complex is called ,bioink”;
post-processing after the bioprinting, which is the
last step of making a stable structure of biologi-
cal material. Various studies have been present-
ed documenting both the specific features of 3D
bioprinting of B-cells and the results of studying
the anatomical and physiological activity of these
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bosgxueBa, Hagka U. u compygHuyu

Ku Ha 3D BuonpuHmupaHe Ha B-kAemku, maka u pe-
3yamamume om u3caegBaHe Ha aHamomuuHama u
puzuorozuuHa akmuBHoCm Ha me3u KAemKu ga npo-
gyuupam u cekpemupam UHCYAUH. BaxkeH eman 3a
AeYeHUEmMO Ha nayueHmMume e mpaHcnAaHmMupaHe
Ha KoHCcmpykmume ¢ 3D GuonpuHmupaHa mwbKaH,
cbgbprkawa B-kAemkKu Ha naHkpeac, gudepeHuupa-
HU om cmBoAroBu kaemku. Ha mo3u eman mpaHc-
nAaHMayuume ca ycnewHu npu paboma Bvpxy ekc-
nepuMeHmanHu MUuWKU, Npu koumo ce ycmaHoBaBa
68 npogbaxeHue Ha 12 cegmuuu u3uOAO2UYHA
NpPOgyKuuA Ha UHCYAUH U noumu AuncBawu pucko-
Be 3a umyHHama cucmema.

KawoyoBu gymu:

cells to produce and secrete insulin. An important
step in the treatment of patients is the transplanta-
tion of 3D bioprinted tissue constructs containing
pancreatic B-cell differentiated from stem cells. At
this stage, 12 week transplants with physiological
insulin production and almost no risk to the im-
mune system have been identified as successful in
experimental mice.

Key words:

3D buonpuHmupaHe, B-KA€mMKU, UHCYAUH, 3axapeH
guabem.

3D bioprinting, B-cells, insulin, diabetes mellitus.

BbBegeHue

3axapHuam guabem e 3aboaaBaHe, yvuamo 2A0-
6aaHa yuecmoma npoepecuBHo HapacmBa npe3 no-
caegHume gecemuaemus u o6xBawa Bce noBeue
xopa om Bcuuku Bb3zpacmoBu epynu. YBeauuaBa
ce Opoam Ha nayueHmMume, KaKmo CbC 3axapeH gu-
abem mun 1 (3A1), maka u cbc 3axapeH guabem
mun 2 (3A2) (1). AokymeHmuparo e yBeauuaBane
Ha 6poAa Ha nayueHMumMe cbe 3axapeH guabem (3A),
KOUMO UMam CepuO3HU YCAOXHEHUA U HAPYWEHO
kavecmBo Ha »xuBom (2). [NMpe3 nocregHume 20gu-
HU ce ycmaHoBu pazBumue Ha uHcyauHoBa pesuc-
meHmHocm npu nauueHmu om gBama muna 3A.
MocoueHomo nocmaBu Bvnpoca npeg uzcaegoBa-
meaume ga pazBuam u gudepeHuyupam B-kaemku
Ha naHkpeaca om cmBoaoBu kaemku, u ga au
mpaHchAaHmupam Ha nauueHmu cbc 3A. Aucky-
mupaHu ca Bb3mMoXKHOCMUMeE Ha Ma3u MpaHCcNAaH-
mauua u HAakou He3agoBoAumeAHu pe3yamamu,
KOEMmO HaAOXU ga ce Haco4Yam ycuAauama Kbm egHa
HoBa mexHoaozus, cBbp3ara ¢ 3D GuonpuHmupaHe
Ha mbkaHu. Pesyamamume om u3caegBanuama no-
kazBam, ye upe3 ma3zu MexXHOAO2UA MOXKE ga ce MpaHc-
nAaHMuUpam 3Havum 6pol PyHKUUOHUPAWU B-Kremku
Ha naHKpeaca U ga ce OCu2ypu goCmambyHO UHCYAUH
NpuU NauueHmMu ¢ mexxku popmu Ha 3A.

AudepeHuupaHe Ha B-kaemku Ha nankpeac om
yoBewku naypunomeHmHu cmBonoBu knemku
(hPSC) u maxHomo mpaHcnAGHMupaxe

3amecmBaHemo Ha UHCYAUH NpU hauueHmMu CbC
3A ce ocuzypaBa om pazAudHU NO NPOGbLAKUMEA-
Hocm Ha gedcmBue uHcyauHoBu AekapcmBeHu npo-
gykmu. YcmanoBeHu ca He maabK 6pod nauueHmu,
npu Koumo uHcyauHoBama 3amecmumeaHa mepa-
nua NpU NPOYHLANKUMEAHO AeveHue HamaraBa cBoa-
ma akmuBHocm u moBa HaAroxxu pazpabomBaHe Ha
Memogu 3a gugepeHuupaHe Ha B-KAemKu om Yo-
Bewku naypunomenmuu cmBoaoBu kaemku (hPSC)
(3-6). YcnewHo gupepeHuupaHe e ocbuwecmBeHo u
om yoBewku embpuoHarHu cmBoaoBu kaemku (7,
8). Millman u coemp. (2016) cbobwabam 3a pa36u-
mue Ha B-kaemku Ha naHkpeac om cmBoaoBu kaem-
Ku, 83emu om nauueHmu cbc 3A1 (8). Onumbm ¢
mpaHcnAaHmauua Ha me3u gudgepeHuyupaHu om
cmBoaoBu kaemku B-kaemku ce ymBouprkgaba npes
nocaegHume 20guHu. AHaAu3bm Ha nybaukyBaHu-
me u3zcaegBarua nokazBa, ye pyHKUUOHAAHOCMMA
Ha B-kAemkume e no-20AamMa u me ce 3anazBam u
npogyuupam UHCYAUH NO-gbA20, KO2amo MmpaHc-
naaHmauuama e u3Bobpwena B8 He-naHkpeamuuHa
Aokauus Ha maromo. CpaBHumeaHo gobpu pe3ya-
mamu ce cbobwaBam npe3 nocregHume 20guHU 3a
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cAyyvau cbe 3A, npu Koumo e ocbuwecmBeHa mpaHc-
naaHmMauua Ha B-kaemku B yepeH gpob. MHgpy3un-
ma Ha in vitro cb3gageHume om cmBoaoBu kaemku
naHkpeacHu ocmpoBHu kaemku 6 uvepHua gpob e
cmabuau3upara mexxkume OPMU Ha UHCYAuHOB
gecpuuum u 3A (9). Kroon u comp. (2008) cvo06-
waBam 3a pazBumue Ha KAeMKU, KOUMO NpPOgy-
yupam u cekpemupam UHCYAUH, gudepeHuupaHu
om naHkpeamuuHa eHgogepma (10). CpaBHumen-
Hume npoyuBaHua cbwo nokazBam, ue kozamo
B-kAemKume ce uHXXeKmupam uHmpanepumoHeaa-
HO (11, 12) uau nogkoxkHo (13, 14) ce ocueypaBa
no-20Aam 6pol kKaemku u Bb3MOXKHOCM me ga ce
3ana3zam 666 Bpememo Kamo yHKUUOHUPaWU UH-
CYAUH-npogyuupawu kaemku. ToBa HanpaBaeHue
Ha u3zcaegBaHua u 3akAtoueHuemo, ve mpabBa ga
Cce Hamepu NOgxog 3a mpaHcnAaHmMupaHe Ha noBe-
ye KAeMKU, KOUMO ga ca (pu3uoA02UMHO (PYHKUUO-
Hupawu, Hacouu u3zcaegoBameaume kbm HoBama
mexHoAo2ua Ha 3D GuonpuHmupaHe Ha mbkaH. On-
umbm C guepeHyupaHe Ha naHKpeacHu B-kaemku
om cmBoaoBu KAemKu e KakKmo 3Hauyum npozpec 3a
Haykama u 6a3a 3a 6bgew,a mepanua Ha 3A, maka
u nomeHyuarHa Bb3moxHocm 3a pa3zBumue Ha
memoga Ha 3D 6GuonpuHmupaHe u cb3zgaBaHe Ha
no-epekmuBeH memog 3a AedeHue Ha 3A nocpeg-
cmBom mpaHchAaHmMupaHe Ha MbkKaH CbC 3HAYUM
6pol PYHKUUOHAAHU PB-KAEMKU.

OcHoBHu xapakmepucmuku Ha 3D buo-
NpuHMuUpaHe

OcHoBHama xapakmepucmuka Ha memoga Ha
3D GuonpuHmupaHe e ga ce Cb3gage mbKaH, 6o2a-
ma Ha (PYHKUUOHUPAWU KAEMKU, HO MaAka no obem,
KoAMo ga 3amecmu geuyumHa muvkaH 6 yoBewko-
mo maao. NMpu mo3u memog ce u3znoa3zBam cmBo-
AroBu kaemku. Tpe3 nocaegHume 2oguHu B xoga Ha
aganmauua u pa3zBumue Ha 3D GuonpuHmupaHe,
uzcaegoBameaume uznoazBam noBeuye cmBoaoBu
KAemKu om Bb3pacmeH op2aHu3bm U NO-MAAKO eMm-
opuoHarHu cmBoaoBu kaemku. [NocoueHomo ce om-
Haca, Hanpumep, 3a 3D GuonpuHmupaHe Ha HeBpoHu
U Ha KOCMHA MbKaH.

3D GuonpuHmupaHemo ce xapakmepu3upa c 3
ocHoBHu emana (15, 16):

* [MpegBapumeaer eman Ha Bu3zyaauzupane, 3D
pazpabomka Ha MOgeAa U NPUHMUpPAHE;

* buonpuHmupaHe upes3 uznoa3zBaHe Ha cycneH-
3UAa OM KAEMKU, Mampukc u xpaHumeaHu BewecmBa,
KOAMO Kamo KOMNAEKC ce Hapuua ,6uomacmuno’;

* Eman caeg GuonpuHmupate, Koimo e NOCAeg-

HuaM npouec Ha uzpabomBaHe Ha cmabuAHa cMpyk-
mypa om GuorozudeH mamepuaa. [1pe3 mo3u eman
ce uzBopwBam uzcaegBaHua Bopxy Backyrapusa-
yuama Ha mbkaHma, cnocobHocmMMma Ha MPaHCNAAH-
maHma ga ce 3agbpyku no-gbazo 6 GuoaozuyHa cpe-
ga, ykpenBaHe Ha cb3lgageHama mbkaH u m.H. To3u
nocaegeH eman e mHozo BaxeH 3a cmabuau3zupaHe
Ha buompaHcnaaHmanma u e cBbp3aH ¢ uzcaegBanusa
Bbpxy MHO20 (hakmopu B8 GuorozuvHama cpega.

Mpu 3D 6GuonpuHmupaHe ce u3znoazBam mpu
Bogewu muna Ha npuimepu (15). MpuHmep ype3 uH-
»KekmupaHe Ha Guomamepuara e Hal-4ecmo U3NoA3-
BaHuam 3a 6bp30 NpogyuupaHe Ha MbkaH. [1o-pagko
ce uzhoazBa m AazepHo-acUCMUpPAHO NpuHMUpaHe u
NpUHMUpPaHe C MHO2OKPAMHO UH(PY3UpaHe Ha pa3audy-
HU cycneH3zuu om kaemku. [Mpu GuonpuHmMupaHemo
Ha B-kAemku uma 2 ocHOBHU MeMOguUYHU NOgxoga:

A) 3D 6uonpurmupaHe Ha cmBoaoBu kKaemku u
nocaegBawo in vitro gugpepeHyupade Ha cbomBem-
Hua peHomun kKAemku 6 npuHMupaHama mubkat. Taka
pazBumama mwbkaH C guepeHuupaHu KAemku ce
mpaHcnAaHmupa.

b) Cmapmupa ce ¢ gugpepeHuupaHe Ha B-kaemku
om cmBoaoBu KAemKu, KOUMO Ce npuHmupam c
nomowma Ha 3D npuHmep c nocregBawa Kpamka
uHkybauua 3a dgu3uoroc2uuHo Bb3zcmaHoBaBaHe Ha
KAemkume u nocaegBawo mpaHcnaaHmupaHe Ha 6u-
onpuHMuUpaHama mbKaH.

Mpu pazBumuemo Ha memoga 3a 3D npuHmupa-
He e pazpabomeHa cucmema c uznoa3zBaHe Ha ,ckere”
¢ poly lactic acid (PLA), koamo 3aegHo ¢ ¢pubpuHoB
xugpoeea ce okazBa nogxogawa 3a noggbpikaHe
B8 ocmpoBu Ha gudgepeHuupaHume om cmBoaoBu
KAemKu fB-kaemku. Baxken eaemeHm npu pazpabomka
Ha ycmpoucmBama 3a 3D GuonpuHmupaHe e ycma-
HoBaBaHe pazmepume Ha KAemMbUHUME KAbCMEPU,
KOUMO ga npegnazam mpaHcnAaHmMupaHume Kaemku
om xunokcua u nocaegBawa cmbpm. [Npu pazpabom-
Kama Ha memoga 3a GuonpuHmupaHe Ha naHkpeac-
HU ocmpoBu e cb3gageH makponopecm KOHCMpYKm,
ocuaypaBaw, ycroBua gugepeHyupaHume P-kaemku
ga ca cmabuAHO yHKUUuoHUpawu B nopume, 3auiu-
meHu om cpubpuHoB 2ea. OubpuHoBuam xugpozea,
Cc KOUmo ca 3awumeHu nopume, e nogbpaH kamo
Hal-nogxogaw, mamepuaa nopagu Bb3moxxHocmma
ga geepagupa U Kamo OUOAO2UYHO OAU3BK O Xa-
pakmepucmukume Ha mbkaHma. Cb3gaBaHemo Ha
KOHCMPYKM ¢ no-20Aemu nopu gaBa Bvb3moxkHocm
3a gobpo kpwvBocHabgaBaHe Ha mbkaHma, KOemo
3awumaba kaemkume u maxHama gyHkuus, cBup-
3aHa ¢ omzoBop Ha 2aloko3HOMO Bb3getcmBue (17,
18). INpu peguua pazpabomku ¢ 3D GuonpuHmMupaHu
B-kAemKu, NpOgyuUpawu UHCYAUH, e ycmaHoBeHo, e
pubpuHoBuam 2eA uma 3awumtyo Bb3geticmBue

Endocrinologia vol. XXIV N¢3/2019




Boyadjieva, Nadka I. et al

Bbpxy KAemMKumMe u maxHama pyHKUUA U nomaza Ha
BackyaapuzupaHemo Ha mbkaHma (19-23). 3D Guo-
npuHMupaHemo e memog, kKoimo gaBa Bb3mo>kHocm
ga ce pa3zpabomam u uzcaregBam cpaBHumenHo pasz-
AUYHU nogxogu. EgHo om nocaegHume gocmuskeHus
8 moBa HanpaBaeHue e Ha koaekmuB Song u Millman
(2017) om Bawuxzmonckua MeguuuHcku YHuBepcu-
mem (24), koimo nybaukyBa peyamamume om yc-
newHo 3D BuonpuHmMupaHe ¢ Mamepuaau, KOUMO ca
6uoro2uuHO cbBmecmumu, 6aBHo gezpagupawu u He
ckbnu. NMocoyeHomo npoyuBaHe ocuzypaBa 6Gbgew,o
A€YeHUEe Ha NauueHMuUMe Ha 3Ha4YUMO NO-HUCKa UeHa
om ma3zu Ha uHcyauHoBume npogykmu. MN3caregoBa-
meaume pazpabomBam u cpaBuaBam koHcmpykmu-
me, ocuaypaBawu npogykuuAa u ceKkpeuua Ha UHCYAUH
3a noBeue om 12 cegmuuu.

OcHoBHU emanu B paspabomka Ha 3D buo-
npuHmupaHe Ha 3-kaemku Ha navkpeac

MNoBeuemo gokymeHmupaHu u3caegBaHua Bbp-
xy 3D buonpuHmupaHe umam OAU3KU emanu go no-
coueHume no-2ope B pazpabomka Ha memoga u we
2u npegcmabum, kakmo caegBa:

1. Mogeaupane u 3D npuumupaxe Ha ycmpodu-
cmBomo.

Ha mo3u eman ce onpegeaam napamempume Ha
3D npuHmepa, Bugbm Ha mamepuasa, KOUMo we ce
uznoa3zBa kamo 6a3za 3a npuHMuUpaHe Ha KAemMKume,
Kamo ueAuam npouec e cBbp3aH ¢ KOMNIOMbBPHO MO-
geaupaHe. To3u eman e mHoz20 BaxkeH, 3awomo npu
onpegeAaHe Ha cneyuuyHUMeE XapakmepucmuKu Ha
NpuHMepa U Ha 2eHepupaHua Oom He20 KOHCMpPYKmM
we MoXke ga ce ocuzypu cb3zgaBaHe Ha mbkaH, boe2a-
ma Ha fB-kremku.

2. AugpepeHyupaHe Ha [kremku, npogyyupa-
wu uHcyaud om cmBoroBu kremku.

V3caegBaruama ca 8 2 nanpaBaeHus: a) gudpe-
peHuupaHe Ha B-kaemku om em6puoHaaHu cmBoaoBu
kaemku (7) u om hPSC (6). Hawuam onum om pab6o-
ma Bbpxy cmBoaoBu kaemku nokazBa, uye e mHO20
BakHO npegu ga cmapmupa gudepeHyupaHe me ga
6bgam in vitro kyamuBuparu 8 Had-nogxogawama cpe-
ga, 32 ga HanpaBam kabcmepu (ocmpoBu om mHO20
cmBoaoBu kaemku). pu mMo3u nogxog Ha Hawume
npoyuBaHua ycnaxme ga gudpepeHuupame HeBpoHaAHu
B-etgopguroBu kaemku u ycmaHoBuxme, ve Ko2amo
8 in vitro cpegama cmBoaoBume kaemku ca 8 ocmpo-
Bu, npouecbm Ha gudepeHuyupaHe cmapmupa egek-
muBHo, 6bp30 u kauecmBeHo (25). Hue cbwo ycmaro-
Buxme, ye pesyamamume om mpaHcnAaHMUpPaHe Ha
maka pa3zBumu B-engopguroBu kaAemku omcmpynaHu
6 ocmpoBu cmBoroBu kaemku ca no-edpekmuBHu 6

NpogyKuua Ha B-eHgopuH (26, 27).

VMima peguua npomokoAu 3a memogu Ha 3D
npuHmupaHe Ha cmBoAoBu KAemKu, KOUMO ca hog-
gbpxkaHu B cneuudpuyHa cpega cbC cbomBemHu
pacmexxHu pakmopu, BumamuHu, 2A0K03a U gpyau
¢hakmopu Ha Guocpegama (24). AucepeHuyupaHemo
Ha B-kaemkume cbwo u3zuckBa nogxogawa cpega,
KOAMO MHO20KpamHo e nybaukyBana npu nocoue-
Hume no-2ope u3caegBaHua ¢ mpaHcnaaHmMauua Ha
cycneH3ua Ha B-KAemKu, Npogyuupawu UHCYAuH. MNpu
3D 6uonpuHmupaHe NPOMOKOAUME Ha guepeHuu-
paHe Ha B-kaemku om cmBoaoBu kaemku, kbgemo 6
guHamuka e noaydeHo pa3zBumuemo u PYHKUUOHU-
paHemo Ha KAemkume, cbwo ca nybaukyBaHu. ToBa,
Koemo pazaudaBa npomokoaa 3a gugpepeHuupaHe Ha
B-kAemkume Ha naHkpeac om Hawume u3zcaegBaHun
npu gudepeHuupaHe Ha B-eHgopcuHoBu HeBpoHu
ca gobaBeHume Kbm KAembyHama cpega pazAuyHu
hakmopu u cmaHa Ha cpegama ¢ HoBu cpakmopu 6
nepuoga caeg 7-ua geH om cmapmupaHe Ha gude-
peHuupaHemo. [Mpu pazpabomka Ha memoga Ha 3D
GuonpuHMUpaHe Ha naHKpeacHa MbKaH C B-KAemku,
uzcaegoBameaume cmeHaM YemupukpamHo cpega-
ma, B8 koamo kaemkume ce pazBuBam, kakmo caeg-
Ba: Ha 7-mu; 13-mu, 20-mu u 35-mu geH. [NocoueHume
CMeHU ca C pa3Hoobpa3Hu dakmopu, Heobxogumu
3a pazAuyHume emanu Ha pazBumue Ha B-kaemkume
Ha naHkpeaca u mo3u npomokoA e B pezyamam Ha
MHO020 3agbAboueHu uzcaegBaHua Bbpxy hyHkuuama
Ha B-kaemkume. ToBa onpegean U 3aKAlOYEHUEMO HU,
ye Bceku memog 3a 3D GuonpuHmMupaHe Ha MbKaH
uzuckBa cneuyudpuuHu gemadau 3a Bceku eman Ha
pazBumue Ha mbkaHma 6 3aBucumocm om peHomu-
na Ha kaemkume. Hanpumep: 3a gudpepeHuupaHe Ha
B-eHgoppuHoBu HeBpoHu npu Hawume u3zcaegBaHua
Hue gobaBaxme yukAuueH ageHO3UH moHogocham 6
KAeMbYHamMa cpega € pa3AuYHU pacmexkHu hakmo-
pu, koemo He ce u3znoa3Ba B8 npomokoaa 3a gudpe-
peHuupaHe Ha B-kAemku Ha naHkpeac. [locoueHomo e
AO2U4YHO, 3awomo moBa ca gBe pazauuru no cBoume
Xapakmepucmuku (PeHOMUNHU KAeMKU.

3. 3agwaboyeHu u3zcregBaHua 3a gokazBaHe
¢heHomuna Ha gughepeHyupaHume KAemku.

Mpu Hawume u3caegBaHua Hue u3znoa3Baxme
UMYHOXUCMOXUMUYHU, BUOXUMUYHU U 2eHemuu-
HU memogu 3a goka3BaHe Ha peHomuna Ha gude-
peHuupaHume HeBpoHu, u ycmaHoBuxme, uve me
ca B-eHgopguHoBu, npogyuupam u cekpemupam
B-eHgoppuH (25-27). NMocoyeHume nogxogu ca npu-
AQ2aHU U NpuU gudepeHuupaHe Ha B-KAemku Ha naH-
Kpeac, 3a ga ce gokaxke (peHOmuN®m UM U MmaxHama
puzuorozuvHa pyHKUUOHaAHa akmuBHocm. Ype3
UMYHOXUCMOXUMUA U ONpegeAqHe Ha KOHUeHmpauuu
Ha uHCYAuH B KAembuyHama cpega ca gokymeHmupa-
HU B-kAemKume, Koumo YcnewHo ca gugepeHuupaHu

122

Engokpuronoeausi Tom XXIV N23/2019



om cmBoaoBu kaemku. [Mpu HAKOU om npoyuBaHus-
ma ca npoBegeHu u npebpoaBaHua Ha kKaemkume 6
cpegama upe3 AroyyumomempuyeH memog. Ao2uu-
HO e BkalouBaHemo Ha Mo3u memog, 3aWomo ueAma
Ha 3D GuonpuHmupaHemo e ga ce Bkalouam B KoH-
cmpykma 6b3moxHO noBeue kaemku, npogyuupawu
UHCYAUH, 3@ ga Ce ocu2ypu ycnex Ha mo3u memog 6
mepanuama Ha 3A.

4. BraroyBaHe Ha B-kaemku 6 koHCmMpykma 3a
3D npunmupate.

Caeg ycmanoBaBarHe Ha peHomuna P-kaemku,
Npogyuupawu UHCYAUH, ce npucmbnBa Kbm MAaxHOmMo
BkatouBane 8 ycmpodcmBomo 3a 3D 6uonpuHmupa-
He. [lpomokoAabm e pazpabomer om uzcaegoBame-
Aume (24) u BkatouBa HAKOAKO emana Ha uHkybupaHe
Ha KOHCMpYKmMa ¢ kaAemkume, kKoumo ca BaoxeHu 6
omgeAHUMe Nopu upe3 cneuuasHu ycmpoucmBa 3a
3anbABaHe Ha nopume.

5. MogeaupaHe Ha kKAbCmepume ¢ xugpozea.

B npomokoaa Ha 3D GuonpuHmupaHe ca noco-
YeHU u34yucAeHUAma 3a gocmueaHe Ha Heobxogumus
6pol B-kaemku B8 KAbCMepume U KOHUeHmMpayuama
Ha xugpoezer 8 koHcmpykma. Mamemamuueckume
nNogxogu nNpu mo3u mogeA ca cBbp3aHu u ¢ ocuay-
paBaHe Ha onmumMaAHa KUCAOPOgHa KOHCymauua om
KAEMKUMe U gocmbn go 2AK0K033, Kosmo e BaxkHa
3a UHgyuupaHe Ha cekpeuuama Ha UHCYAuH. 3D buo-
npuHMupaHemo Ha mo3u eman e cBbp3aHO C MHO20
U34YUCAEHUA OMHOCHO guamemdbpa Ha KAbCmepume.
[MocmuzHam e ycnex npu cpaBHumeaHume ekcnepu-
MeHmaAHu npoydBaHua ¢ guamemsbp Ha KAbCcmepume
om 100 mukpomempa. CaegBaw, eman e obpabomka
Ha KAbCmepume u UHKYybupaHemo um Npu onMumaa-
HU ycaroBua 3a nepuog om Bpeme in vitro, caeg koemo-
me ce B3umam u ceaekmupam 3a MmpaHcnAaHmauus.
CneuudpuyHo npu 3D BuonpuHmupaHe Ha haHkpeac-
Ha mbkaH e ycmaHoBaBaHemo Ha 2AlOKO30-CMUMYAU-
paHa cekpeuus Ha UHCYAUH om gudepeHuupaHume
B-kaemku. KM3caegBam ce pasaudHu no 20AemuHa
kKabcmepu, B3emu 6 pazauueH nepuog Ha KAembuHa-
ma gudpeperHuuauua. INMpu noBeyemo npomokoau ce
cbobwaba, ye npu KAbCmMepu om B-KAeMKU mexgy
25-ua u 34-ua geH oM HavaAOMO Ha gudpepeHuyupaHe
e ycmaHoBeHa cmabuaHocm u upe3 PCR mexHuka ca
gokymeHmupaHu 2eHume, omzoBopHu 3a npogykuua
Ha UHcyauH. pomokoAaume nogpobHo onucBam in
vitro memoga 3a ycmarHoBaBaHe Ha 2AlOKO30-CMUMy-
AUpaHa uHcyauHoBa cekpeuusa Ha me3u B-kaemku 3a
mpaHcNAaHMuUpaHe, KOemo e cNeyuguUUHO U 3a UHCY-
AuHoBama cekpeuus npu xopama.

6. Tpaucnaammayusa

[NocaegHuam eman om obcbikgaHua HOB memog
3a AeveHue Ha 3A BkaouBa mpaHcnaaHmupare Ha 3D
buonpuHmupaHama mbkaH om B-kremku. [pu ekcne-
pumeHmanHu uzcaegBaHua Bbpxy muwku Ha Bb3pacm

10-12 cegmuuu ¢ mpaHchAaHmupaHa buonpuHmupa-
Ha mbkaH om B-kAemku ca gokaagBaHu NoAoXKUMeEAHU
pesyamamu Bbpxy Bveaexugpamuama obmaHa. XKu-
BomHume, KOUMO ca NOAY4YUAU BuONpPUHMUpPaHUMe
mpaHcNAaHMaHmMu ¢ MakKCUMaAeH pazmep Ha KAbcme-
pume, ca nokajaAu HaAuvue Ha yoBewku uHcyauH 6
kKpbBma, HO He ca omzoBopuau ¢ uHcyauHoBa cekpe-
Uua Ha CMUMyYAUpaHemo ¢ 2Atoko3a. NocoueHomo om
onumume € mpaHcnAaHmauua nogkpena ycmaxoBe-
Homo om u3zcaregoBameaume B xoga Ha npoyuBaHua-
ma Bbpxy KAbCmepume, a UMEHHO, Ye Me3u C NO-MaA-
KU pa3zmepu ca no-ecpekmuBHuU 3@ mpaHcnAaHmMauu.
Muwkume, Koumo ca mpaHcnAaHMUpPaHU C KOHCMPY-
KMU 0m No-MaAKu KAbCMepu ca Noka3aAu, Kakmo Ha-
Auvue Ha yoBewku uHcyauH B kpbBma, maka u Cb-
omBemen omezoBop om yBeauueHa KoHueHmMpauusa
Ha UHCYAUH CAeg UHXKeKmupaHe Ha 2aloko3a. [ocoue-
Homo noka3Ba, ye mpaHcnAaHMUpaHume MbKaHu om
3D 6BuonpuHmMupaHu KOHCMpPYKMU (YHKUUOHUpam
pu3uOAO2UYHO U UMam peHomuna Ha yoBewka naH-
KpeacHa mbkaH. NMpoyuBaHuama Bbpxy mpaHcnaax-
mupaHume muwku nokazBam cbwo, ye B8 nepuog om
12 cegmuuu 3D npuHmMupaHume KOHCMpPYKMu ca ak-
muBHU U noggbp>Kam cmpykmypa u gpyHkuus, cBop-
3aHa C NPOgyKuUA U cekpeuua Ha UHCYAUH.

MpegumcmBa Ha 3D buonpuHmupaHe Ha
B-kaemku om nankpeac kamo memog 3a
bbgew,o AeyeHue Ha 3axapeH guabem

INpu u3yuaBare Ha 3D GuonpuHMupaHe Ha Mb-
KaH C B-kAemku, Npogyuupauu UHCYAUH, ce Cbobuwa-
Bam caregHume npegumcmBa, KOUMO ca u Hagexga 3a
epekmuBHo u no-6e3puckoBo, He CKbNO AeveHue Ha
nauueHmu ¢ mexku gpopmu Ha 3A. LLle nocouum Ha-
Kou om npegumcmBama Ha memoga, kKakmo caegBa:

P AudpepeHuupaHume kaemku om voBewku
naypunomeHmHu cmBoaoBu kaemku gaBam
Bb3moxkHOCM ga ce cb3gagam HoBu kaem-
KU, KOUMO Npu MpaHcnAaHmauua ga He Bo-
gam go npomeHu 8 umyHHama cucmema (28).
AoKazaHume B-kAemku, gugpepeHuupaHu om
yoBewku cmBoaoBu kaemku, B3emu om uH-
guBugyaaeH nauueHm, Ha KoUMo we ce u3-
Bbpwu mpaHcnaaHmauus, ocuaypaBam npo-
gbAXKUMEAHOMO UM (PUHKUUOHUpAHE CAeg
mpaHcnaaHmayua 6e3 puck om m.Hap. ,aAo-
2eHHO” omxBbpaare (7). MocoveHuam hakm
e BaxeH 3a nauueHmume cbc 3AT, npu Kou-
mo uma gokazaH aBmoumyHeH npougec, 3awo-
Mo cAeg mpaHcnAaHmauua Ha 3D 6uonpuh-
mupaHu ycmpoudcmBa ¢ B-kAemku HAMa puck
om peakuua Ha umyHHama cucmema (29-31).
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BbosagxueBa, Hagka U. u compygHuyu

P 3Hauumo npegumcmBo Ha 3D GuonpuHmupa-
He Ha naHkpeacHu B-kaemku e Bb3MoXXHOCM-
ma ga ce BvBege 20aam Gpol KAbCMeEpU, Cb-
omBemHo kAemku, B8 nogxogaw, KOHCMpYKM,
KoUMO ga CbXpaHu U noggbp>ka (PYHKUUO-
HaAHUME U aHamOMUYHU Xapakmepucmuku
Ha B-kaemkume (32). B moBa HanpaBaeHue
u3caegBaHume u pazpabomeHu mamepuasu
3a 3D buonpuHmupaHe u pazpabomkama Ha
ycmpoucmBomo e 20Aam npozpec B8 eHgokpu-
HOAO2UAMA, KOUMO CbYemaH u C NOYMU AUNC-
Bawua puck 3a umyHHama cucmema npabu
mo3u Memog HagexgeH 3a 6bgewo AeyeHue
Ha 3A. YcmaHoBeHume (hopmyAu u NpOmMokKo-
AU 3a uzpabomka Ha ycmpotcmBomo u ueau-
am nogxog Ha 3D GuonpuHmupaHe 3a ueau-
me Ha AedyeHue Ha 3A ca npegAoxkeHu Ha FDA
U uUMa Hagexga 3a 6bgew, npozpec u pazpe-
weHue 3a uzpabomka Ha me3u KOHCMpPYKmMu
u maxHomo mpaHcnaaHmupate (11, 33).

3akAloyeHue

lMpe3 nocaegHumMe 20guHU Ce nocmuzHa Npo-
2pec B uzcaegBanre u pazpabomka Ha 3D GuonpuHmu-
paHu KOHCMPYKMU OmM KAbCMepu om PYHKUUOHUPa-
Wwu B-KAEMKU Ha naHkpeac, npogyuupawu voBewku
UHCYAUH U pu3zuoro2uuHo omezoBapawu ¢ yBeauue-
Ha cekpeuusa Ha UHCYAUH nog BauaHue Ha noBuweHu
2Al0Ko3HU HuBa. PazpaGomeHume KOHCMpyKmMu ca
MpaHCNAQHMUPAHU €KCNEPUMEHMAAHO Ha MUWKU U
pesyamamume om u3caegBanuama nokazBam, ue me
ca (PyHKUUOHaAHU go 12 cegmuuu om mpaHcnAaHma-
uusma, npe3 koemo Bpeme ce noggbpika cekpeuua
Ha yoBewku uHcyAuH, 3anazBam ce cmpykmypama u
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BAugHue Ha mupeougHama guchynkuyua Bbpxy monekyagpHume
mapkepu Ha kocmHug obmeHn u WNT uHxubumopume SCLEROSTIN u
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Pe3slome

MonekyaapHume mexaHuzmu Ha gelcmBue Ha
mupeougHume xopmoHu (TX) Bbpxy kocmma ca
KOMNAEKCHU U Camo Om 4yacmu u3acHeHu. Bzaumo-
geticmBuemo Ha pa3AuYHU Mupeoug peuenmopHU
(TP) uzopopmu meguupa edpekmume Ha TX Bbpxy
kocmma. TX uepasm ocHoBHa poAa 3a eHgoXOHgpaA-
Hama ocudpukauyua, 3a pacmexa u pazBumuemo Ha
ckeAema u 3a noggbpkaHe Ha KocmHama maca. Ycma-
HoBu ce, ue TCX gelcmBa kamo gupekmeH pea2yaa-
MOpP Ha KOCMHOMO pemogeAupaHe upe3 akmuBupaHe
gugepeHuyuauuama Ha ocmeobracmume U UHXUOU-
paHe Ha KocmHama pe3opbuua. Wnt cueHaAHuam
Nbm ce pazeaexkga kamo ocHoBeH peayramop Ha
KOCMHOMO hopmupaHe u pezeHepauua u ysacmBa 6
acouuupaHama om mupeougHUMe XOPMOHU KOCMHa
3a2yba. B ckopowHu npoyuBaHuna ce uzcaegBa peay-
Aauyuama Ha Wnt cueHaaHua nbm, 8 yacmHocm Hezo-
Bume unxubumopu, Dickkopf 1 u ckaepocmun, npu
mupeoug-acoyuupaHama kocmHa 6oaecm. Npegcma-
Bame npeaaeg Ha gelicmBuemo Ha TX Bbpxy kocmma
u BAauaHuemo Ha mupeougHama gucyHkuua Bbpxy
ckerema ¢ akueHm  Bbpxy moaekyaapHume B3aumo-
getcmBua mexkgy TX u KocmHume KAemku.

Abstract

The molecular mechanisms of actions of thy-
roid hormones (TH) on the skeleton are complex
and only partially understood, occurring in both
a direct and indirect manner. The interaction of
different thyroid receptors (TR) isoforms medi-
ates the effects of TH on bone tissue. TH play a
fundamental role in endochondral ossification, in
skeletal development and growth and in the main-
tenance of bone mass. However, recent studies
have provided evidence that TSH acts as a direct
regulator of bone remodelling and TSH has been
shown to activate osteoblast differentiation and
inhibit bone resorption. The Wingless-type MMTV
integration site (Wnt) pathway has emerged as a
crucial regulator of bone formation and regener-
ation and Whnt signaling has been implicated in
thyroid hormone-associated bone loss. The regu-
lation of the Wnt signaling pathway, in particular
its inhibitors Dickkopf 1 and sclerostin, in thyroid
hormone induced bone disease has been recently
evaluated. We present here a review of the action
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KawouoBu gymu:

of TH on bone and of the impact of thyroid dis-
orders on the skeleton with the focus on the mo-
lecular interactions between TH and skeletal cells.

Key words:

mupeougHa guCyHKUUA, mMupeoug-acouuupaHa
KocmHa 6oarecm, Wnt cueHaaeHd nom, Dickkopf 1,
CKAEPOCMUH

BvBegeHue

TupeougHume xopmoHu (TX) uepasm katouoBa
poaa B ckeaemHomo pa3zBumue, pacmeska u KocmHa-
ma xomeocmasa 6 3para Bv3pacm. Aepuyumbm um
npu geua 3abaBa cb3zpaBaHemo Ha kocmume u cnupa
pacmexa (1), koemo moxe ga 6bge YacmuyHO KOM-
NeHCUpPaHO CbC 3aMecmumeAHo AeyeHue c L-mupo-
KcuH (2). Om gpyea cmpaHa, xunepmupeougu3imbm
npu geuama Bogu go yckopeHo ckeaemuo pazBumue,
HO CbWO Maka u go HUCHK pbCcm nopagu npexxkgeBpe-
meHHO 3amBapaHe Ha pacmeskHama naaka (3). B 3pasa
Bb3pacm u xunomupeouguzmbm, U Xunepmupeougu-
3mbm Bogam go HamaaeHa 3gpaBuHa Ha kKocmume u
CKAOHHOCM KbM (PPAKMypu NO pa3zAudHU MexaHu3muU.
Bbnpeku 4ye xunomupeouguzmbm yBeauuaBa npo-
gbAKUMEAHOCMMA Ha KOCMHUA pemogeAupawy, UUKbA
C pe3yamam noHuXKeH KocmeH mbpHOBbp U yckope-
Ha muHepaausauua (4), nonyaauuoHHu npoyuBaHun
noka3zBam, 4e nauueHmMume C Xunomupeougu3bm
ca ¢ noBuweH puck om cppakmypu (5). M3auwbkbm
om TX yckopaBa kocmHOmMoO pemogeAupaHe upes3
akmuBupaHe hyHkyusma Ha ocmeobracmume u oc-
meokAacmume, 6aazonpuamcmBa kocmHua o6meH u
3a2ybama Ha KocmHa maca, koemo noBuwaBa ckAoH-
Hocmma Kbm ppakmypu (6, 7).

ABama TX - 3,5,3'5-mempatog-L-mupoHuH (mu-
pokcuH uau T,) u 3,53“mputogomupoHun (T,) ce
cuHmesupam 6 wumoBugHama >kAe3a u npuHagae-
»Kam KbM 2pyna eHgoKpUHHU MOAEKYAU, meguupauu
epekmume cu ype3 agpeHu peuenmopu - TRa u TRP
8 pazauuHu uzogopmu, B8 3aBucumocm om mbKaHHO-
mo pa3znpegeaeHue u om Bb3pacmma. PazauuaBam
ce TRal, TRa2, TRB1, TRB2 peuenmopu (8). N30 op-
mume TRBT u TRal ce ekcnpecupam 8 cmpomaaHu
KAEMKU Ha KOCMeH MO3bK, XOHgpouumu, ocmeob-
Aacmu u ocmeokaacmu. KoauvecmBerHume npoyuBa-
Hua ¢ RT-PCR Hamupam, ye ekcnpecuama Ha TRal e
noHe 10 nbmu no-Bucoka om excnpecuama Ha TRPBT,
Koemo noka3Ba, ue TRal e ocHOBHUAM (PpYHKUUOHA-

thyroid dysfunction, thyroid hormone induced bone
disease, Wnt signaling pathway, Dickkopf 1, sclerostin

AeH nocpegHuk HagelcmBuama Ha T, 6 ckeaema
(9,10).

B xoHgpouumume TX uHXxubupam KAembUHa-
ma npoaAugepayua U uHgyuupam gudpepeHuuauun u
anonmo3a, Kamo NO MO3U HauuH u2pasm ueHmpaa-
Ha poaa B8 AauHaepHua pacmexx (11). Te cmumyaupam
ocmeobracmHama gudpepeHyuayua u cuHmesa Ha
KOoCmHua mampukc ype3 noBuwaBare excnpecuama
Ha OCMeOKaAUUH, KorazeH mun T u aAkaAaHa gpocda-
masa (12-14). AeacmBuemo Ha TX Bbpxy ocmeob-
Aacmume noBauaBa cbwo akmuBHocmma u op-
MUpaHEeMO Ha OcmeoKAacmu upe3 CmumyaupaHe
ekcnpecuama Ha peuenmopHua akmuBamop Ha NF-kB
AuzaHga (RANKL) u gpyau yumokuHu, Koumo yyacm-
Bam B8 ocmeokaacmozeHe3ama (15). [Npegnoaazaemu-
me npeku egpekmu Ha TX Bbpxy ocmeokracmozeHe-
3ama ca hpegmem Ha mekywu npoyuBaHus.

OcmeobaacmozeHe3zama U KOCMHOMO (POpMU-
paHe ca nog KoHmpoaa Ha Wnt cuzHaaHua nbm (16).
Wnt npomeuHume npoBexxgam cBoume cueHaau
ype3 pazAudyHu nbmuwga, BKAIOYUMEAHO KaHOHUUY-
Hua - B-kameHuH 3aBucum nbm (17). KaHoHUYHUAM
B-kameHuHoB nbm ce akmuBupa npu cBop3Batemo
Ha Wnt npomeuHume Kbm peuenmopeH KOMNAEKC,
cbecmoauw, ce om Frizzled npomeun u HezoBua ko-pe-
uenmop, LDL peuenmop-cBbp3aH npomeun (LRP) 5
uAu 6. B3aumogeicmBuemo um Bogu go cmabuausa-
Uua U HYKAeapHa mpaHcAaokauua Ha f-kameHuHa, Koe-
MO UHgyUUpa mpaHckpunuuama Ha ocmeobaacmHume
2eHu. Wnt cueHaAu3upaHemo ce pea2yaupa om eHgo-
2eHHU uHxubumopu, Brkatouumearo DKK-1, ckaepoc-
muH u cekpemupat Frizzled-c6vp3anH npomeun 1. baa-
20gapeHue Ha MOWHOMO UHXUbGUpaHe Ha KOCMHOMO
dopmupare u B cayuaa CbC CKAEPOCMUH, KOCM-Che-
uudpuyHama my ekcnpecua 8 ocmeouumume, ca pas-
pabomeHU MOHOKAOHAaAHU aHmumeaa cpewy DKK1
U CKAEPOCMUH U noHacmoawem ce oueHaBam 6 kau-
HUYHU uznumBaHua OMHOCHO MAaxHamMa egpuKacHOCM
3a nogobpaBaHe Ha kocmHama maca u 3gpaBuHa npu
xopa (18,19).
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MumeBa, Mapus K. u cbmpygHuyu

Bonpeku ye e acHo, ue T, npako noBauaba kocm-
HOMO  pemogeAaupaHe, OcHoOBHUME MOAEKYAApHU
mexaHuzmu Ha moBa my geicmBue He ca HanbAHO
ycmaHoBeHu u ca obekm Ha mekywu npoyuBaHus.
Tol kamo Whnt cuzHaAu3zauusma e ocHoBeH peayaa-
mMop Ha KoCmHama Xxomeocmasa u ocmeobaacmHa-
ma buoaozun, pecyrayuama Ha Wnt cueHaaHUA nbm,
no-cneyuaaHo Ha HeeoBume unxubumopu DKKT u
cKAepoCcmuH, ugpae BaxkHa poAa 3a mupeoug-acoyuu-
paHama kocmHa 6oaecm in vivo. Kbm gHewHa gama
ca uzBecmHu maAko, npegumHo in vitro npoyuBaHua
no memama. AaHHUMe npu xopa 3a npomeHu B HuBa-
ma Ha ckaepocmuH u DKKT npu cbcmonaHua Ha xunep-
U/UAU  XUNOMUPOUQU3bM Ca OCKbJHU, HO pe3yama-
mume go momeHma coyam, ye DKKT u ckaepocmuH
Mo2am ga umam onpegeAeHa u Heobxoguma poaa 8
pezyArauuama Ha KOCMHOMO pemogeAupaHe.

HopmanHo kocmHo pemogyaupaHe -
pemogyaupaw, yukba

KocmHomo pemogeAupaHe e guHamuyeH npouec,
Xapakmepu3upaw, ce ¢ macHa Bpb3ka mexxgy ocmeo-
KAacmHama pe3opbuua u ocmeobAacmMHOMO KOCMHO
dopmupate. MNpouecbm ce uHuyuupa ype3 akmuBupa-
He Ha oCMeoKAaCMHUME NPeKYpCcopu, KOUmo ce npe-
Bpbwam 6 3peau ocmeokracmu upes3 npoAudpepauua
u gudpeperuuayua (20). Ocmeokaacmume pe3opbu-
pam Kocmma go gocmuezaHe Ha onpegeAaeHa gbAbo-
yuHa. B nocaegcmBue ocmeobracmume HaxayBam
8 obracmma u 3anouBa hopmupaHe Ha HoBa kocm.
IMocaegoBameaHocmma om cbbumua 6 npoueca Ha
pemogeaupaHe, m.e. akmuBupate - pe3opbuua - op-
mupaHe (ARF nocaegoBamearocm), ce gemoHcmpupa
Hal-gobpe B8 kopmukaaHama kocm (21). Yecmomama
Ha akmuBupare nokazBa KOAKO Yecmo gageH yuacmbk
om kocmHama noBbpxHocm npembpnaBa pe3opbuun
u nocaegBawo gopmupare. TpabekyaapHama kocm
nopagu cBoama aHamomuyHa cmpykmypa uma no-8u-
coka memaboaumHa akmuBHocm om KopmukaAHama
(21). OcBeH om napakpuHHU U AOKaAHU hakmopu, pe-
MOgeAupawuam UUKbA Ce peayaupa om peguua Kaa-
UUMPONHU XOPMOHU; hapamupeougeH xopmoH (PTH),
1,25(OH)2D, pacmeskeH xopmoH. TX yBeauuaBam vec-
momama Ha akmuBupaHe, a Kopmukocmepougume,
noroBume cmepougu u KaAUUMOHUHBM (NocAegHUAM
C NO-MAAKO 3HaveHue) a HamaraBam.

Kocmromo pemogeaupane ce ocbuwecmBaBa 6
yuacmbka, HapedeH om (Dpocm Basic Multicellular
Unit (BMU), kolmo ce cbCcmou om ocmeokAacmu,
ocmeobracmu u ocmeouumu, B3aumogedcmBawu 6
KOCmHama pemogeAupawia kyxuHa. B mpabekyaap-
Hama Kocm pemogeAupaHemo ce ocbwecmBaBa Ha
noBbpxHocmma Ha mpabekyaume u HOPMAAHO NpPo-
gbakaBa okoro 200 gHu. LIukbAbm Ha pemogeAupa-

He moxke ga 6bge no-kpambk om 100 gHU Nnpu mupe-
OMOKCUKo3a U nbpBuyeH xunepnapamupeougu3bm
u ga npeBuwaba 1000 gHU NpU CbCMOAHUA C HUCHK
KocmeH MbpHOBbP Kamo MeXXbK Xunomupeougu3bm
U cAeg AedeHue ¢ bugocgorHamu (20). Pemogeaupa-
HemMoO ce UHUUUUpPA OM OCMeoKAaCmHama pe3opo-
uua. Ocmeokracmbvm obpazyBa pezopbuuoHHa Aaky-
Ha ¢ gbabouuHa, koamo Bapupa mexkgy 60 um npu
mMAagu uHguBugu u 40 um npu no-Bb3pacmHu UHgU-
Bugu. Bpememo Ha pe3opbuua uma cpegHa NpPogbA-
>kumeaHocm 30-40 gHu u e nocaegBaHo om nepuog
Ha KocmHO popmupaHe om 150 gHu (21). B 3gpaBa-
ma KoCm pe3yamambm om pemogeAupawua UUKbA
€ UAaAOCMHO 3anbABaHe Ha pe3opbuuoHHama AakyHa
¢ HoBoobpazyBaHa kocm. [Npu GorecmHuU CbCmMoA-
HUA Kamo ocmeonopo3a ocHoBHuUaAM gedpekm e, ye
ocmeobracmume He ca B cbCmoAHUE ga 3anbAHAM
pezopbuuoHHama AakyHa, koemo Bogu go HemHa
KocmHa 3a2yba npu Bceku pemogeAaupaw, UUKbA (22).
Pemogeaupawuam uukba 8 KopmukaaHama — Kocm
e no-kpambvk, omkoakomo 6 mpabekyaapHama cbe
cpegHa npogbakumeaHocm om 120 gHu (23). Obwa-
ma noBbpxHOCM Ha mpabekyaapHama Kocm e HanbA-
HO pemogeAupaHa 3a hepuog om 2 20guHuU.

KaembyHu mexaHusmu Ha kocmHomo
peMogeAupaHe

Ocmeokaacmu u KocmHa pe3opoéyua

OcmeokAacmume Npou3xoXKgam om xemamono-
emuuyHume cmBoaoBu kaemku u ca macHo cBbp3aHu
C MOHOUUMU U makpodazu. AuepeHuupaHemo om
ocmeokAaCmMHUMe NPekypcopu go HAaNbAHO akmu-
BupaHu MyAmuHykAaeapHu ocmeokaacmu 3aBucu om
HaAuyuemo Ha peuenmopHua akmuBamop Ha NF-xB
auzaHga (RANKL), uaeH Ha cpamuausma TNF, u om
M-CSF. RANKL ce ekcnpecupa om ocmeobracmume,
KaKmo U 0m CMPOMaAHU KAEMKU Ha KOCMHUA MO3bK,
om T- u B- aumcpouumu. RANKL ce cBbp3Ba u akmu-
Bupa cBoa peuenmop RANK, ekcnpecupat 8bpxy mo-
HOHYKAeapHUmMe ocmeokAacmHu npekypcopu. Caeg
RANKL-uHgyuupaHama RANK cmumysauusa ce no-
BuwaBam peguua kaouoBu peayramopHU MpaHCKpU-
NUUOHHU (PpaKMOpU U eH3UMU, 3a ga ce cmumyaupa
gupepeHyuayuama, npoaugepayuama, MyAmuHyk-
Aeauyuama, akmuBupaHemo u npexxkuBaBanemo Ha
ocmeokaacmume. B pegyamam Ha moBa ce akmuBu-
pa kKocmHama pe3opbuus. OcmeonpomezepuHbm
(OPG) npegcmabanBa ecmecmBeH aHmaz2oHuCm Ha
RANKL, peuenmop-npumamka, KOUmo Cbwo ce npo-
uzBexxga om ocmeobracmume. OPG e uumokuH,
KoUmo peayAaupa ocmeokAacmHama gugepeHyuauua
U (PyHKUUOHUpa Kamo KAouoB cakmop 3a akmuBu-
paHe Ha ocmeokAacmume ypes3 uHxubupaHe Ha max-
Hama anonmos3a (24).
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Ocmeobracmu u KOCMHO ¢hopmupaHe

Ocmeobracmume ca Me3eHXUMHU KAEMKU C NPO-
u3xog om cbomBemHume Npo2eHUMOPHU KAEMKU Ha
me3zogepmama u HeBpaaHua 2pebeH. TaxHama gude-
peHuuauua npemuHaBa npe3 npoAudepupawu Npeoc-
meobaacmu, ocmeobaacmu, koumo npou3Bexxkgam
KocmHua mampukc u 3aBbpwBa 6 ocmeouumu uau
NognopHU KAaemku. Hal-paHHuam mapkep Ha ocme-
obracmHomo popmupare e Runtrelated transcription
factor 2 (Runx2), koimo e Heobxogum 3a gupepeHuu-
paHe Ha npo2eHumMopHume kKraemku 6 ocmeobracmHa-
ma KAembuHa AuHusa (25). Runx2 peayaupa ekcnpecus-
ma Ha 2eHu, kogupawu ocmeokaAuyuH, VEGF, RANKL,
ckAepocmuH u dentin matrix protein 1 [DMP1] (26).
Osterix e gpye mpaHcKkpunuuoHeH pakmop, Kolimo e
om cbwecmBeHo 3HaveHUe 3a gupepeHyuayuama Ha
ocmeobracmume (27). HanbaHO gugepeHyupaHuam
ocmeobAacm ce xapakmepu3upa C Ko-ekcnpecus Ha
aAkaAHa gpocgpamasa u korazeH mun |, om 3HauveHue
3a CuHmMe3a Ha KOCMHUA MampuKkc u nocregBawama
MUHepaau3auua (28). 3peaume ocmeobracmu CbWo
npou3Bexkgam peayaamopu Ha mampukCcHama muHe-
paAu3auyua Kamo oCmeokKaAUuH, 0CMeoNOHMUH U OC-
meoHekmuH, RANKL, Heobxogum 3a gucpepeHuuauyun-
ma Ha OCMeoKAacCmume, Kakmo u peuenmopa 3a PTH
(PTHRT). B kpaa Ha >kuBoma um, ocmeobaacmume ce
mpaHcgopmupam 8 ocmeouumu, koumo ce Bzpax-
gam B8 MmuHepaAu3upaHua mampukc uau 6 nokpuBHu
KAEMKU, KOUMO Ce pa3noAazam No ugaama KocmHa
noBvpxHocm.

DyHkyuama Ha ocmeoyumume gbA20 ocmabBa
HeAaCHa U ce Npuema, Ye me ca OMHOCUMEAHO UHepM-
HU kAemKu. M3caegBaHuama npe3 nocaregHume gBe
gecemuAaemusn nokaszaxa, ye moBa Bvobuwe He e maka
u, ue ocmeouumume uzpaam kaouoBa poaa 6 peay-
AauuAmMa Ha KOCMHOMO MOgeAupaHe U pemogeAupa-
He u B8 muHepaaHama obmaHa (29). Ocmeouumume
ca Hal-mHo206polHama nonyaauua KOCMHU KA€MKU,
cbecmabaaBawu 90-95% om obwama kKaembyHa maca
Ha kocmma. [NMocpegcmBom cBoume geHgpumHu u3-
pacmbuu me ce cBbp3zBam B mperka, Kakmo nomexx-
gy Cu, maka u ¢ KAemkume no eHgocmaaAHama u nepu-
ocmaaHama noBvpxHocm Ha kocmma (30). Mo mo3u
HauuH ocmeouumume ocueypaBam uHmezpumema
u onocpegcmBam npaka KOMyHUKAUUA Mexgy Kaem-
kume B kocmuama mukpocpega. Ocmeouumume
cekpemupam pazHoobpazHu HekoaazeHoBuU Geambuu
U NAapakpuHHU (PAaKMOopU Kamo 0CMeOKaAUUH, 0CMeo-
npomezepuH, 0OCMEeONOHMUH, geEHMUHEH MampuUKCeH
npomeuH 1. Ocmeouumume ca u3moyHuk Ha RANKL,
FGF23 u cknepoCcmuH KOUMO KOHMpPOAUpam KOCMHO-
mo hopmupaHe u pochamHua memaboauzom (31).

foaam Opol napakpuHHU, aBmoKpuHHU U eHgo-
KpuHHu dpakmopu Bausam Bbpxy pazbumuemo u
3pearocmma Ha ocmeobaacmume. Peguua cuzHaAHu
nbmuwa, BkalouBawu bone morphogenetic proteins

(BMPs), pacmexxHu cpakmopu kamo FGF u IGF, aHauo-
2EHHU (PaKmMopu Kamo eHgomeAuH-1, XOpMOHU Kamo
PTH u npocmaezaaHguHoBu azoHUCMU, cmepougHuU
XOPMOHU, UHCYAUHONOGOOHU pacmexxHu akmopu
peayaupam 3perocmma Ha ocmeobaacmume (32), Ho
hamuauama om AuzaHgu Wnt (Wingless-type MMTV
integration site) npegu3BukBa Hal-2oAam uHMepec
npe3 nocaegHume 2oguHu. AeacmBuemo Ha PTH u
BMPs e macHo cBbp3ano ¢ akmuBupanemo Ha Wnt
cu2HaAHUMe nbmuwa (33).

Wnt cuzHaAHU Nnbmuwa u ocmeobaacmHa
gudepeHuyuauus

Wnt cuzHaaHuam nbm ce aBaBa cobwecmBeH pe-
2yramop 6 npouecume Ha KOCMHOMO hopmupaHe u
pezeHepupare. Wnts ca 602amu Ha uucmeuH, cekpe-
MupaHu 2AUKONPOMEUHU, Koumo akmuBupam Kkae-
MbYHO-NOBBLPXHOCMHU, pPeuenmMop-meguupaHu  cue-
HaAHU Nbmuwa, om2oBopHU 32 KOHMPOAA Ha 2eHHama
eKCNpecus, KAeMbYHUA XKU3HEH UUKbA, NpoAudepa-
uuama u muzpauuama. Wnts yyuacmBam 6 npouecume
Ha embpuozeHe3a U op2aHo2eHe3a, NOCMHAMaAHOMO
pazBumue u pezeHepauuama Ha mbkaHume, BkalouU-
MeAHO Ha Aumpouumu, Koxa, gebero uepBo, kocme-
HU poAUKYAU u kocmu (33). M3B8ecmuu ca 19 Whnts
Npu Xopa U MUWKU, KOUMO UHUUUUPam cu2HaAHama
kackaga upe3 cBbp3BaHe ¢ ekcmpaueayrapHume
ppazmeHu Ha mpaHcMeMbpaHeH peuenmopeH KOM-
NAeKC, cbecmoaw, ce om eguH om 10 membpaHHU
Frizzled (Fzd) peuenmopu, coBmecmHo ¢ eguH om
gBama - LDL receptor-related protein (LRP) 5 uau 6
Ko-peuenmopu. CBbp3zBatemo Bogu go down-peay-
Aauua Ha akmuBHOCMmMa Ha 2AUKO2eH CuHmMazHama
kuHa3a-3 (GSK-3). Bb3 ocHoBa Ha cnocobHocmma um
ga uHxubupam 2AukoeeH cuHmazHama kuHa3a (GSK)
3, pochopuaupaHemo Ha P-kameHuHa u nocaegBa-
womo My pazepaxgaHe, Wnts ca KaacugpuuupaHu
Kamo ,KaHoHuU4HU” (Hanpumep Wnt 1, 3a, 8, 10b) uau
,HekaHoHuuHU” (Hanp. Wnt 4, 5a, 11), koezamo He 3aca-
2am HuBama Ha B-kameHuH (34). B-kameHuH npegcma-
BaaBa BmopuueH nocpegHuk, koimo cbwecmByBa 6
kaemkama 6 gBe cbcmoaHua — POCHOPUAUPAHO U He-
docopuaupato. INpu aunca Ha akmuBupaHe Ha Wnt
nbma PB-kameHuH ce gpocopurupa, koemo Bogu go
NPOMEOAUMUYHOMO MY EAUMUHUPAHE OM UUMonAa3-
mama. AkmuBupaHemo Ha Wnt nbma nomucka ¢oc-
popuaupaHemo Ha B-kameHuH u Bogu go HapacmBane
Ha KOHUeHmMpauuama my 6 yumonaazmama u npeHoc
Kbm agpomo. B pesyamam Ha moBa ce BkarouBam cne-
UUCUYHU 3a KAemKama mpaHCKpUNUUOHHU N"bmuwia.

KaHoHuuHuam Wnt cuzHareH nbm e akmuBeH 6
mHoxxecmBo kaacoBe kaemku, BkalouumeaHo Bcuu-
KU KAEMKU Ha ocmeobAacmHama KAembyHa AUHUA U
BrkatouBa cmabuauzupaHe Ha B-kameHuHa. CuzHaAu3a-
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uuama Ha Wnt/B-kameHuH e om 3HaveHue U 3a mexa-
HompaHcgykuyuama, 3azgpabaBaHemo Ha pakmypu
U 3peaocmma Ha ocmeokaacmume. VHmezpumembm
Ha Wnt cuzHaAaHUA nbm e om KAluoB0 3HaueHue 3a gu-
pepeHuuauuama, yspaBaHemo u npexkuBaBanemo Ha
ocmeobaacmume. B-kameHuH ocBeH moBa yuacmBa 6
peayrayuama Ha kyneayBaHemo Ha ocmeobracmume u
ocmeokAaacmHume npegwecmBeHuuu Ype3 KOHMPOA Ha
ekcnpecuama Ha ocmeonpomezepuH. [lomuckaHemo
Ha Wnt nbma 68 me3eHxumHume kaemku-npeguecmBe-
HUUU HacouBa gupepeHuuayuama Kbm agunoyumet, a
He KbMm ocmeobaacmeH peHomun (35). Aecpekmume 6
Whnt cueHaaHUMe Nbmuwa ¢ abHopmHO HampynBate Ha
B-kameHuH ce cBbp3Bam c KaHUepo2eHe3ama u pa3auy-
HU KOCMHU gucnAacmuyHu 3a6oaaBaHus (36). Mymauuu
8 LRP5/6 ce acouuupam ¢ KOHCMUMYUUOHAAHO HucCKa
(unakmuBupawu mymauyuu) uau Bucoka (akmuBupawu
Mymauuu) KocmHa maca.

Wnt cu2HaAHUAM NbM Ce pe2yaupa om 20AAM
O6pol u3zBbHKkAEMBUHU U BbmpekrembyHU hpome-
uHu. EkcmpaueayaapHume npomeuru, koumo 83au-
mogetdcmBam ¢ mo3u nbm, BkalouBam uaeHoBeme Ha
damuauama Dickkopf u ckaepocmun u cekpemupaHu
Frizzled cBbp3anu npomeuru (sFRPs), koumo peayau-
pam cu2HaAauzauuama npu 83aumogedcmBuemo Wnt/
Frizzled/Lrp (37-38) (Que. 1).

Dickkopf1 (DKK1) e npomomun Ha 4-uaeHHa
2eHHa dpamuaun. DKkl uHxubupa Wnt/B-kameHuHHO-
Mo cuz2HaAau3upaHe upe3 cBvbp3Bare ¢ LRP5 u LRP6
u 6aokupa cnocobHocmma Ha Wnt AueaHgume ga
B3aumogeticmBam ¢ LRP5 u LRP6 (39). M3caegBaHusa
npu muwu mogeAau nomBuprkgaBam karouoBama poaa
Ha Dkk1 3a kocmHomo pa3zBumue. INpoyuBaHua npu
MUWKU, Xemepo3uzomHu 3a uHakmuBupawa myma-
uua 8 Dkkl, nokazBam Bucoka kocmHa maca, cBbp3a-
Ha CbC 3HaYuMeAHo yBeauyeHa CKOpoOCM Ha KOCMHO
opmupare (40). Te gemoHcmpupam, Ye camo 25%
noHwkeHue 6 HuBama Ha Dkkl e gocmambuHo 3a
yBeauyaBaHe Ha mpabekyaapHama u KOpMUKaAHa-
ma KocmHa maca. Hakoako koaekmuBa ca uzcaegBa-
Au Dkkl-Heympaauzupawu aHmumeaa npu pazaudHu
>kuBomuHcku mogeau u cbobwaBam obewaBawu pe-
3yAmamu No OMHOWEHUEe Ha KOCMmHama NAbMHoCm.
Bbnpeku uve pazpabomBanemo Ha AekapcmBeHu
cpegcmBa ¢ aHaboaeH edpekm Bbpxy Kocmma, Kou-
mo uHxubupam Dkkl, e 8 paHeH cmagul Ha npoyu-
Bare, npegBapumeaHume pe3yamamu Npu MUWKU
noka3Bam, ue Dkkl e npuBarekameana mepaneBmuu-
Ha UeA 32 UHgYKUUpaHe Ha KOCMHO hopmupaHe. Kom
HacmoAwUa MOMEHM YycuAuasma ca pokycupaHu 8up-
xy cb3gaBanemo Ha Dkkl-Heympaauzupawu MOHOKAO-
HaAHU aHMumMeAa.

KaHnoHuueH (A) u HekaHoHuueH (B) Wnt cueHareH nbm.

Q KaHoHuyeH Wnt cu2HaAeH nbm
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CKkA@POCMUHBbM € CeKPemopeH 2AUKONPOMEUH,
npogykm Ha SOST 2eHa, pa3noroxeH Bbpxy Xpomo-
3oma 17. CKAepoCMUH ce ekcnpecupa NPegumHo om
3peAume ocmeouumu, HoO U OM MbKaHu u368bH Kocm-
ma Kkamo muokapg, 6vbpeuu, yepeH gpob, enugugum,
kapomugu, nurop (41). Mymauuu 68 SOST npuvuHs-
Bam aBmo3omHo peuecuBHa ckaepocmeo3a, Koamo
ce xapakmepu3upa ¢ npoepecuBHo HapacmBaHe Ha
ckerema, kocmHo 3agebeaaBare u ckeaemHa xune-
pocmo3a. bonecmma Ha Van Buchem e gpyzo cBop-
3aHo aBmo3zomHo peuecuBHo 3aboaaBane, ¢ Bucoka
KOCMHa maca, C Xomo3uzomHa gereuyus 8 peauoH,
macHo cBbp3aH cbe SOST 2eHa. boaecmma Ha Van
Buchem npomuua ¢ no-aeku cumnmomu om me3u,
HabalogaBaHu npu ckaepocmeo3ama. SOST knockout
MUWKU ca ¢ noBuweHa KOCMHA MUHEpaAHa NAbM-
HOCM, KOCMeH 0bem, KOCMHO (hopmupaHe U KoCmHa
3gpaBuHa, gokamo mpaHc2eHHU Muwku, cBpbxekc-
npecupawu SOST, ca ocmeoneHuyHu. Te3u gakmu
noka3zBam, ye BepoamHo ckAepocmuH e HezamuBeH
peayaamop Ha KOCMHOMO (OpMUpaHe.

MexaHu3bM Ha geticmBue Ha ckaepocmuH

Ckaepocmunbm ce ekcnpecupa 6 kocmHama mo-
KaH, NPEgUMHO OM OCMEeoUUMU CbWoO U OM Npe-0C-
meokaacmu. Mogobro Ha Dkkl, ckaepocmuHbm ce
cBbp3Ba ¢ Lrp5/6 u aHmazoHu3upa KaHOHUYHOMO
Wnt cuezHaAu3upaHe, HO 3a pa3zauka om DKKT1 ce
cBbp3Ba c pazauueH peauoH Ha LRP5/6 u He meguupa
peuenmopHama uHmepHaauzauua (38). Cnopeg ema-
na om pa3zBumue Ha kaAemkama, 6AokupaHemo Ha Wnt
nbma om ckaepocmuH Bogu go pazaudHu pe3yama-
mu. INpu me3eHxumHume Kaemku-npegwecmBeHuuu
edpekmbm e HacouBaHe Ha gupepeHuuauuama Kom
agunouumet gpeHomun. [pu 3peaume ocmeobaacmu
pe3yamambm e no-Hucka npexxuBaemocm, akmuBu-
paHe Ha anonmomuyHume Kackagu u HamanaBaHe
npogykuuama Ha ocmeobaacm-cneyuuyHu Heams-
uu. HamanaBa cekpeuusama Ha ocmeonpomezepuH u
HapacmBa ma3u Ha RANKL, m.e. kocBeHo ce cmumy-
Aupa ocmeokaacmuomo y3paBaxe u akmuBrocm. Mo
MOo3u HayuH e Bb3MOXKHO CKAEPOCMUH ga oCbuecm-
BaBa cBoeobpazHa ompuuameaHa obpamua Bpb3ka,
KOHMpOoAUpawa ocmeobaacmyama nonyaauus (42).

CkaepocmuH okazBa u aBmokpuHHo gelcmBue
Bbpxy ocmeouuma. CxogHo Ha HabatogaBatomo npu
ocmeobracmume, 6arokupaHemo Ha Wnt nbma 8 oc-
meouumume yBeauuaBa ekcnpecuama Ha RANKL u Ha-
maanBa ma3u Ha ocmeonpomezepuH, m.e. mpaHcAupa
ce 6 npuBauvare u akmuBupaHe Ha ocmeokAacmHuMe
npegwecmBeHuyu u 3peaume ocmeokAacmu.

Mo Mo3u HayuH ocmeouumume egHoBpemeHHO
gupuxkupam popmupaHemo, npexkuBaemocmma u ak-
muBHocmma u Ha gBama muna ehekmopHU KOCMHU

kaemku. B Hackopo nybaukyBaHo npoyuBaHe Koide
M. u comp. gemoHcmpupam, ye ckaepocmuHoBama
npogykyuua ce nomucka om hakmopu, cekpemupaHu
om akmuBupaHume ocmeokAacmu, U NO-KOHKPEMHO
om LIF (AeBkemua-unxubupaw, cpakmop) (43).

Peguua AOKaAHU U cucmemHu pakmopu pe2yAu-
pam npogykuuama Ha CKAepOCMUH. MexaHu4HOmMo
HamoBapBaHe U UHMEPMUMEHMHOMO NPUAOXKEHUE
Ha PTH nomuckam ekcnpecuama Ha CKAEpPOCMUH
B8 ocmeouumume, gokamo RANKL u Macrophage
colony stimulating factor 1 (CSF1) HamaaaBam npo-
gykuusma my om npeocmeokiacma. Apyz gpakmop
B peayrauuama Ha ckaepocmuH ca noroBume cme-
pougu. EcmpoeeHume HamaraBam npogykuuama Ha
ckaepocmuH. Caeg meHonay3ama npu >KeHume CKAe-
pocmuHoBume HuBa HapacmBam napareAHo ¢ mapke-
pume Ha KOCMHOMO pa3epakgaHe.

Toa kamo unakmuBupawume mymauuu 68 SOST
Bogam go 3aboanBaHua ¢ Bucoka kocmHa maca npu
xopa u >kuBomuHCKU MOgeAU U eKcnpecuama Ha CKAe-
POCMUH U32Aexga o2paHudeHa B KocmHume KAemku,
uHxubupaHemo my ce ouvepmaBa kamo ampakmuB-
Ha u3caegoBameacka UgEA, KOAMO NOHACMOAWEM
HanpegBa upe3 npegkAuHudyHU u3znumBaHua (44).
IMpegBapumenru npoyuBaHua ¢ xymaHu3upaHo MOHO-
KAOHAAHO aHMUMAAO Cpewy ckaepocmuH noka3Bam
KocmeH aHaboAuzbm npu kxuBomHu u xopa.

TupeougHu xopmoHu u kocmeH MemaboAuzbm

AeticmBuama Ha T, 8 kocmma ca KoMnAeKcHU u
camo yacmuuHo pazbpaHu. CbwecmByBam gaHHu 3a
npekume u Henpeku Nbmuwa Ha Bb3gedcmBue 6v6
Bcuuku hazu Ha KOCMHUA pemogeAupauwy, UUKbA, Cmu-
MUAUpaHe Kakmo Ha hopMupaHemo, maka u Ha pe3op-
buuama (45). Mo Bpeme Ha KocmHomo chopmupare T,
cmumyAupa npoaudpepauyuama Ha ocmeobaacmume,
maxHama gugepeHyuauus u anonmo3sa u yBeauyaba
eKcnpecuama Ha OCMeOKaAUUH, KoAazeH mun 1, aa-
KaAHa gpocpamasza, memasonpomeuHasu, IGF-1 u He-
206Bua peuenmop (IGF-1R). BhocaegcmBue, no Bpeme
Ha KocmHama pe3opbuus, T, yBeauuaBa excnpecus-
ma Ha BaxxHu pakmopu Ha gudpepeHuuauua 6 ocme-
okAacmHama KAembyHa AUHUA Kamo uHmepAeBkuH 6
u npocmazaanguH E2 (46). T, geiicmBa cunepauuHo
C ocmeokAacmozeHHuUme XopmoHu kamo PTH (47) u
Bumamun D. M36ecmHo e cbwo, ue T,ybeauuaBa exc-
npecuama Ha RANKL-mPHK 8 ocmeobaacmume, kou-
mo akmuBupa RANK 8 ocmeokaacmHume npekypco-
pu, kKalbyoB eman 8 ocmeokaacmozeHezama (45).

INpoyuBaHuama, uznoa3zBawu >kuBomuHcku mo-
geAu, 2eHemu4Ho mogudpuuuparu 3a TR u D2 u ¢ Bpo-
geH Xunomupeougu3bm, Ca gONPUHECAU 3HAUUMEAHO
3a pazbupaHe Ha ocmeomuHepaAHume edekmu Ha
TX. Pe3yamamume coyam, 4ye Muwkume ¢ Mmymauusa
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MumeBa, Mapus XK. u compygHuyu

Ha TRB uau u Ha gBama peuenmopa a u f, umam Cb-
wua gpeHomun ¢ uzocmaBare 8 pacmexxa, 3a6aBeHa
ocucpukayun, NOCMHAMAaAEH pacmeyk U KOCmMHa MuHe-
paAu3auus, 3a6aBeHo 3amBapaHe Ha yepenHume we-
BoBe B8 paHeH cmagui Ha >kuBoma u noBuweHa muHe-
paauzauua npu Bb3pacmHume, kakmo ce HabAatogaBa
NpU XUNOMUPEOUgU3bM, HO C No-Marka mexxecm. O6-
pamHo, muwkume ¢ mymayua 8 TRB 2eHa noka3zBam
mupeomokcudeH ckeaemeH peHomun ¢ noBuweHa
MUHEpaAU3auua U HanpegHaaa ocudpukauus, Koemo
Bogu go HUCBK pbCcm U KpaHuocuHocmo3sa 6 gemcka
Bb3pacm, HamareHa muHepaAu3auua u HUCKA KOCMHa
maca B 3para Bb3pacm (48). T, peayaupa xoHgpoze-
He3ama u KocmHama muHepaausauua (49). Bonpeku
moBa, no-maankama mexecm Ha npomeHume B cke-
Aemuua gpeHomun Ha TR mymanmu, cpaBHeHa ¢ muw-
KU C gepuuum uAu usAuwbk om TX, npegnoaaza 3Ha-
yumeaHo npunokpuBaHe Ha getdcmBuemo Ha me3u
gBa peuenmopa no omHoweHue Ha KoHMpoaa Bbpxy
pazBumuemo Ha kocmume. Mo mo3u HayuH, TRP u
TRa ca B3aumo3amensemu, Bbnpeku ue KomneHca-
mopHUMe ehekmu Ca HENbAHU, KAMO HAKOU Om max
ca uzoopm-cneyuuyHU.

CowecmByBam  mHoxkecmBo  AumepamypHu
gaHHU OMHOCHO in vitro egpekmume Ha TX Bbpxy
KOCMHOMO pemogeAupaHe, kakmo pe3opbuun, maka
u gpopmupare. Om gpyza cmpana, Gothe S. u comp.
gokazBam, ye HAMa gekynAupaHe Ha PeMogeAupaHemo
Nnpu mMuwku, koumo Hamam TRal u TRB (50). Bmecmo
moBa me3u muwku nokazBam ckeremHa moppozeHe-
3a, Xxapakmepu3upawga ce ¢ uzocmaBare 8 pacmexa
u aHomaAuu B pacmexkHume naaku. MDakmbm, ye ge-
puuumsvm Ha al/p TR no cbwecmBo He npou3Bexga
pemogeAupaw, peHomun, npuHykgaBa uzcaegoBame-
AUME ga cnekyaupam, ve ocmeonopo3ama u noBuwe-
Hama KocmHa maca, HabaogaBaHu cbomBemHo npu
Xunep- U Xunomupeougu3bm, mo2am ga 6bgam oby-
croBeHu om npomeHeHume HuBa Ha TSH (50).

Poarama Ha TSH Bvpxy kocmma

Excnpecus Ha TSH peuenmopa (TSHR) e goka3aHa
6 ocmeobracmu u ocmeokaacmuu npegwecmBeHu-
uu, koemo npegnoaaea, ye TSH moxke ga uma gupek-
meH ecpekm Bobpxy me3u kaemku (51). MigeHmudpuyu-
paHemo Ha TSHR 8 pazAauuHu mbkaHu, BkAlOUUMEAHO
MO3bKa, Xunodpu3ama, mecmucume, 0bOpeuume,
Cbpuemo, mumyca, Aumcoyumume, MacmHama mb-
KaH, pubpobracmume u KOCmMume, npegnoaaza, ye
TSH mo>xe ga uepae no-wupoka poas om mpaguuyuoH-
HO NO3HamMama cmumyaauua Ha mupeougHume YOoAU-
KYAHU kAemku (52). YemanoBeHo eBauaHuemo Ha TSH
Bbpxy kocmma, koemo e HezaBucumo om gedcmBu-
ama Ha TX (53). Abe E. u comp. (51) nybaukyBam go-
kazameacmBa 3a npekume edpekmu Ha TSH Bbpxy
gBama KomnoHeHMaHa ckeAemHoMo pemogeAupaHe,

ocmeobAacmMHO KOCMHO (popMupaHe u 0CcmeoKAacm-
Ha KocmHa pe3opbuun, meguupaHu upe3 TSH peuen-
mopa. ToBa e nogkpeneHo om npoyuBaHua c U3NOA3-
BaHe Ha TSHR (null) HecamuBHu muwku. Aopu 50%
HamaAreHue Ha ekcnpecusma Ha TSHR npegu3BuxBa
me>kka ocmeonopo3a (kocmHa 3azyba) u pokasHa
ocmeockaepo3a (AoKaau3zupaHo kocmHo obpa3yBa-
He). 3amecmumeAHama mepanua C MUPEoUgHU XOp-
MOHU npu me3u >xuBomuu He Bb3cmaHoBaBa kocm-
Hama maca, Ho Kopuzupa pacmekHua gecpuuum (54).
N3erexga, ye TSHR camocmoameaHo mogyaupam
pe3zopbuusma u popmupaHemo. Tezu TSHR knockout
MUWKU UMam ¢pokaAaHa ckaepo3a B8 gonbAHeHUEe Kbm
Bucoko pemogeAupawiama ocmeonopo3a, Koemo
npegnoaaza, 4Ye ocmeobracmHama akmuBHocm e
aBmoHomHa u e yacmuuyHo npocmpaHcmBeHo guco-
yuupaHa om pe3opbuuama. KocmoobpazyBaremo ce
noaBaBa 6 mecma, koumo He ca buau pe3zopbupaHu
npegu moBa, koemo Bogu go hokareH ckaepomuveH
derHomun, npugpyxkabauw, 0cmeoneHU4HOMO CbC-
mosaHue. ToBa e 6 cbomBemcmBue ¢ gemoHcmpupa-
Homo, ue in vitro edpekmume Ha TSH Bb3HukBam om-
geaHo Bbpxy ocmeobracmume u ocmeokAacmHume
npekypcopu. Taka, TSH uHxubupa u ocmeokaacmoze-
He3ama, u ocmeobaacmozeHe3ama upe3 pa3AuyHU U
HecBbp3aHu MmexaHu3mu.

Apyeo u3caegBaHe npegnoaaza, ve TSH, cBbp3aH
¢ HeeoBua peuenmop B KocmHUMe KAemKu, UHXUOU-
pa ocmeokAacmozeHe3ama 4upe3 ameHiupaHe Ha
Janus N-mepmuHanHa kutasza (JNK) u NF-KB cueHaau-
3auun. B cbomBemcmBue ¢ moBa, Ma R. u comp. (53)
ycmanoBaBam, ue npu 6orecmma Ha bazegoB-Tpeu-
Bc mupeoug-peuenmopHomo aHmumaromo (TRAb)
HamaaaBa kocmHama 3aeyba u npomuBogeticmBa Ha
kamaboaHume egpekmu Ha Bucokume HuBa Ha TX 6
kKpbBoobpaweHuemo.

Ocmeokaacm-uHxubumopHume geticmBua  Ha
TSH ca yacmuuHo meguupaHu u upe3 epekmu Bbpxy
npogykuuama Ha mymop Hekpo3uc pakmop (TNF)-a,
kKakmo e BugHo npu muwu mogeau (51). Muwkume,
npu koumo auncBa TSHR, pazBuBam ocmeonopo3a
paHo 68 embpuozeHe3ama, nopagu noBuweHo obpa-
3yBaHe Ha ocmeokaacmu (51, 54). Teu HabAlogeHuA
He ca nomBbpgeHu npu gBolHo HezamuBHume muw-
Ku - 3a TSHR u TNF-a,, nomBubprkgaBawu poaama Ha
TNF-o npu noBuweHama ocmeokaacmozeHe3a (51-
54). Yamoah K. u cemp. (55) onucBam RANKL omzo-
BopHu ernemenmu Bbpxy TNF-a 2eHa, koemo Bogu go
HoBu acnekmu 6 peayaupanemo Ha TNF mpaHckpu-
nuuama npu o6pa3yBaHemo Ha ocmeokaacmu. Poas-
ma Ha TSH 6bpxy RANKL ocmaBa cnopHa, mbi kamo
e gokazaHo, Ye NpuAazaHemo Ha eKk3oz2eHeH pekombu-
HaHmeH TSH npu egHu om >xuBomuHckume mogeau
u xopa yBeauuaBa cepymHume HuBa Ha RANKL, a 6
gpyeu cepuu - 2u noHuxkaBa. Poaama Ha TSH 6 ocmeo6-
AacmozeHe3ama u32Aexga e meguupaHa upes
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uHxubupare Ha Wnt u VEGF cueHaau3zupanemo (51).
YcmanoBeHo e, ye ekcnpecupaHemo Ha LDL receptor-
related protein (LRP) 5, Wnt ko-peuenmop u Flk-1
npomeuH, peuenmop 3a VEGF, ca HamaaeHu 3Hauyu-
meAHo 8 omzoBop Ha TSH B8 nbpBuuHume ocme-
obaacmu (51). Ekcnpecuama Ha me3u peuenmopu,
HO He U Ha peuenmopume Ha ocmeobracmHume
MPaHCKPUNUUOHHU (pakmopu, ce uHxubupa om
rhTSH. Te3u HabAlogeHua nokazBam, yue TSH mogyau-
pa HezamuBHO KOCMHuUa obmeH, HO ca Heobxogumu
gonbaHumeAHu npoyuBarus, 3a ga ce uzacHam nog-
pobHO pe2yramopHuUme nNbmuwa.

HoBume gokazameacmBa 3a npekume edpekmu
Ha TSH Bbpxy kocmma gaBam ocHoBaHue 3a mbpceHe
Ha gONbAHUMEAHU MexaHu3mu 3a noaBama Ha mupeo-
ug-acouuupaHama kocmua 6oaecm. M3caegoBamenu-
me npegocmaBam ybegumeaHu apaymeHmu OMHOCHO
peayAupaHe Ha KOCMHOMO pemogeAupaHe om TSH u
TSHR, kakmo u Ha ckeaAemHama mopgpo2eHe3a om mu-
peougHume xopmoHu. LLle 6bge npeguzBukameacmBo
ga ce onpegeau npuHocbm Ha TSH u TX npu nbpBuvHu-
me HapyweHua Ha wumoBugHama >kae3a. HezaBucumo
om moBa, ca Heobxogumu gonbAHUMEAHU u3cAegBa-
HuA, 3a ga ce ycmaHoBu gaau KocmHuam KamaboAu3bm
€ CUHep2UYHO CMuMyAupaH om nomucHamume HuBa Ha
TSH 6 cepyma npu nbpBuveH xunepmupeouguibm u 06-
pamHomo, ako TSH uma 3awumHu ckeaemHu ecpekmu
npu nbpBuueH xunomupeouguzbm. BB Bpb3ka u cbe
ckopowHomo omkpuBaHe Ha ekcnpecuama Ha RANK-L
u OPG 8 mupeougHume coaukyau (56) bu mozao ga ce
npegnoAoxu, ye wumoBugHama »ae3a e 8 cbcmoaHue
ga peayaupa ckeaemHama mopdpozeHe3a U pemogenu-
paHe no HeobuuyalHU Ha4yuHU, Koumo u3uckBam no-Ha-
mambuwHu uzcaegBanus.

MaasmeHu HUBa Ha ocmeonpomezepuH
npu mupeougHa gucyHkuua

OcmeonpomezepuH (OPG), uaeH Ha dhamuauama
Ha peuenmopa Ha TNF, e ugeHmuduuupaH Kamo pe-
2yramop Ha kocmHama pe3zopbuus (57). OPG, ocBeH
om Kocmume, ce npou3Bexxga om pazAudHU MbKaHu,
Kamo cbpgeuHo-cbgoBama cucmema (cbgoBu kaemku,
BKAIOUUMEAHO KOPOHApHU 2AagKOMUCKYAHU KAemKuU
u eHgomeAHu kaemku in vitro (58), 6earogpobHU, 6b0-
peyYHU U UMYHHU KAEMKU, KAemkume 6 Koxka, cmomax,
naaueHma (57). OPG npomekmupa 2oremume Kpb-
BoHocHu cbgoBe om kaauudgukauus, 663 ocHoBa Ha
HabAlogeHUeMO 3a HaAuyue Ha ObOpeyHU U aopmHu
KaAuudpukamu, Bv3HukBawu npu OPG knockout muw-
ku. bewe nokazaHo, ye OPG gedpuuumHumemuwku
pazBuBam mexka ocmeonopo3a u Kaauugukayuu Ha
aopmama u 6vbbpeuHume apmepuu (59) u ye OPG
umyHopeakmuBHocmma moxe ga 6bge gemoHcmpu-
paHa npu amepockAepomuuHu Ae3uu B yoBewkume
mbkaHu. CewecmByBam u npoyuBarus, nokazBawu

Bpb3zka mexxgy Bucoku naazmeHu HuBa Ha OPG u
cbpgeuHocbgoBu 3aboanBaHun, 3axapeH guabem u
XpoHuU4YHa ObbpeuHa HegocmamwbuHOCcM, BKAIOYU-
meAHO uma gaHHu noBuweH cepymeH OPG kamo
puckoB pakmop 3a cbpgeuHo-cbgoBa cmbpmHoOCcm
(60). TrazmeHume HuBa Ha OPG npu nauueHmu c
Xunepmupeougu3bm UAU C XUnomupeougu3bm ca
u3zcaegBaru B HakoAko npoyuBarug, nokazBawu He-
nocregoBamenHu pezyamamu. Bucoku 6a3zoBu HuBa
Ha OPG ca HabaogaBaHu npu mupeougHa gucyHK-
uua B Hacoka U Ha Xuno- U Ha Xunepmupeougu3bm,
Kakmo u noHuxxeHue Ha OPG npu AeuveHue Ha gBeme
cbecmosaHua. Nagasaki T. u comp. (61) gemoHCcmpupam
3Hauyuma Bpb3ka mexgy noBuwenua cepymer OPG u
HaAUYUEmMO U meykecmma Ha KOpoHapHama cbpgey-
Ha 6orecm. Te cbobwaBam, ue gebeauHama Ha uHMU-
ma-megua croa (IMT) 8 obwama kapomugHa apmepus,
nokazamea 3a cbpgeuHo-cbgoBu cbbumus, ce yBeau-
yaBa npu nayueHmu ¢ xunomupeougu3bm u noBuwe-
Hama IMT ce Hopmaau3upa caeg egHa 2oguHa 3amec-
mumeaHa mepanua ¢ AeBomupokcun (L-T4). B gpyzo
npoyuyBaHe Ha cbwume aBmopu e gemoHCMpupaHo,
ye cepymHomo HuBo Ha OPG e 3HavumenHo no-Bu-
COKO NpuU hauueHmu € XUnomupeougu3bm, OMKOA-
KOMO Npu HOPMAAHU KOHMPOAU u 4Ye noBuweHuam
cepymeH OPG caeg HOpmaAu3upaHe Ha mupeougHa-
ma cpyHKuua ce Bpvuwa go HopmaaHume HuBa, Koumo
ca noggbpykaHu B8 mo3u guanazoH 8 npogbaxeHue
Ha 1 eoguHa. Te3u gaHHu cbBnagam ¢ gaHHUMe om
npeguweH gokaag, noka3zBaw, uve cepymHume HuBa
Ha ocmeonpomezepuH Kopeaupam ¢ gebeauHama uH-
muma-megua B8 kapomugHume apmepuu npu 3gpaBu
>keHu B8 nocmmeHonay3a (62).

OcBen moBa ce npegnoaaza, ye noBuwaBaHemo
Ha cepymHume HuBa Ha OPG npu nauueHmu c Xu-
nomupeougu3zbm HezaBucumo ce acouuupa ¢ Backy-
AapHomo yBpe>kgaHe, Koemo ce gbAaXKU Ha noBuwe-
Hume naazmeHu HuBa Ha VWF, HO He u Ha meXkecmma
Ha xunomupeougu3ma. HabaogaBaHa e 3Hayuma no-
AOXKUMeAHa KopeAauusa mexgy uzxogHume OPG u
uzxogHume VWF uau TSH npu nauueHmu ¢ xunomu-
peougu3bm. Tou kKamo VWF e HagexkgeH napamembp
3a eHgomeAHo cbgoBo yBpexxgaHe, ocobeHo npu na-
yueHmMu ¢ xunomupeougu3zbm (63), aBmopume nog-
Kpenam ugeama, ye noBuwaBaHemo Ha cepymHume
HuBa Ha OPG cbwpo e HagexkgeH mapkep 3a cbgoBo
yBpexkgaHe npu Xunomupeougu3bm.

[LlunkoB A. u comp. (64) uzcaegBam HuBama Ha
OPG u ocmeokaAuuH npu Auua ¢ aBeH u cybkAuHUYEH
xunomupeougu3bm. Te ycmaHoBaBam, ye HuBama Ha
OPG ca 3HauumeaHo Nno-Bucoku Kakmo npu KAUHUY-
HUA XUNOMUPeougu3bM, Maka u Npu CYOKAUHUYHUA
Xunomupeougu3bm, KopeAaupawu ¢ no-Bucoka uec-
moma Ha VIBC, HO He u Ha apmepuaAHa XunepmoHus
u 3axapeH guabem. OcmeokaauuH He caegBa 3aBucu-
mocmma Ha OPG, BepoamHo 6 pe3yamam Ha gpyau
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peayramopHu mexaHu3zmu. ABmopume nocouBam He-
obxogumocmma om pazwupaBare Ha uzcaegBaHemo
U AOH2UMYgUuHaAHO npocAegaBaHe 3a uzacHaBaHe Ha
3HaveHuemo Ha ycmaHoBeHume 3akoHomepHocmu 6
eBoatouuama Ha 3aboaaBaHemo (64).

MogyaupaHe Ha Wnt cuzHaAHUg nbm om
mupeougHuUme XopMoHuU

Pezyrayusma Ha Wnt cuzHaaHUS nbm om mupe-
ougHUMe XOPMOHU e u3caegBaHo in vivo B ckopowHu
npoyuBanua. O,Shea P.J. u comp. omkpuBam Wnt cue-
HaAu3upaHe B8 kocmHama mbkaH Ha TR B mymaHmHu
MUWKU, KOUMO C€a C YCKOpeHo ckeaemHo pazBumue
nopagu Bucokume HuBa Ha TX, Bb3HUKHaAU om Ha-
pyweHa xunogu3o-mupeougHa oc 8 pe3zyamam Ha
gomuHupawama ompuuameara mymauus 8 TR 2eHa
(65). ABmopume ycmanoBaBam, ye cmumyaupare-
mo Ha T, 6 ocmeozenHume kaemku in vitro unxubupa
Wnt cuzHaauzupaHemo. No-HamambweH aHaAu3 pas-
kpuBa, ue HecBbp3aHuam c auzaHg TRB cmabuauzupa
B-kamenuna 6 uumo3sona, gokamo T,, c6bp3aH ¢ He-
2o0Bua peuenmop, ce KoHkypupa cbc cBop3zBaHemo
Ha p-kameHuH, koemo 20 npaBu gocmbneH 3a npome-
030MHO pa3zepaxkgaHe (65). ToBa npoyuBaHe npegoc-
maBa nvpBomo gokazameacmBo 3a Bpb3zka mexgy
mupeougHama oc u cuz2Haauzauuama Wnt. B gpyeo
npoyuBane Tsourdi E. u comp. (66) uzcaegBam Baua-
HUEMO Ha Xunhepmupeougu3ma u xunomupougu3ma
npu muwku Bbpxy naazmeHume HuBa Ha DKK-1 u
ckaepocmuH, gBa uHxubumopa Ha Wnt cuz2HaAu3upa-
Hemo. Te ycmaHoBaBam, ye cepymHume KoHUeHMpa-
uuu Ha DKKT ca noHukeHU npu xunepmupougHume
MUWKU, KOUMO umam noBuweHo KOCMHO hopmupa-
He u ca noBuweHu Npu XUNOMUPOUgHUME MUWIKU,
KOUMO UmMam HamaAeHa CKopoCm Ha KOCMHO (POpMuU-
pate. CepymHume KOHUEHMpPAUuu Ha CKAEPOCMUH
ca noBuweHu u npu gBama mogeaa, HezaBucumo om
ckopocmma Ha kocmobpasyBaHe. Tol kKamo ckae-
pOCMUHbM € NPOgyYKM Ha ocmeouumume u nopagu
moBa e 3aBucum om KOCmMHama maca u Haau4uemo
Ha ocmeouumu, aBmopume omHacam cepymHume

KOHUEHMpauUu Ha CKAEPOCMUH KbM KOCMHama mu-
HepaaHa naAbmHocm (KMTI1) u ycmanoBaBam, ue xu-
nepmupeougHume muwku, nopagu Huckama KMIT,
umam gopu no-Bucoku HuBa Ha ckAepocmuH, gokamo
XunomupeougHume MUWKU ¢ maxHama no-Bucoka
KMI1, umam cxogHU KOHUEHMpauuu Ha CKAEPOCMUH
8 cpaBHeHue ¢ eymupougHume muwku. Mo mo3u
HauuH, Bbnpeku Ye cepymHUumMe KOHUEHMpauuu Ha
DKK1 uHgupekmHo ompa3aBam noBuweHama cko-
pOCM Ha KOCMHO (POpMUpaHe npu xunepmupeoug-
HUMe MUWKU, cepymHume HuBa Ha ckaepocmuH buxa
Mo2AU ga ce aBam KomneHcamopeH mexaHu3bm 3a
oepaHuvaBaHe Ha NO-HAMaMbBWHOMO CMUMYAUpPAHE
Ha ocmeobaacmume.

[Mpu KopeaauyuoHHUME aHaAu3u, KOUMO Cb-
nocmaBam ckaepocmur u DKKT ¢ KMIT u napame-
mpume Ha KOCMHOMO pemogeAupaHe, CKAEpOCMUH
KopeAupa noAoxkumeAHo ocHoBHo ¢ KMIT npu eymu-
peougHu muwku, DKK1 kopeaupa ¢ mapkepume 3a
KocmeH mbpHOBbp Bb6 Bcuuku npocaegaBaHu 2py-
nu. Te3u gaHHu ca 6 cbomBemcmBue ¢ npoyuBanus-
ma npu xopa u noka3zBam, ye CKAEPOCMUHBM KOPEAU-
pa ¢ KMTI1, gokamo DKK1 6u mo2ba ga ce uznoa3Ba
3a oueHKa Ha KocmHua o6meH. Apyea BaxkHa KoHCcma-
mauua ca pazaukume 6 cepymHume um KOHUEHMpa-
uuu u ompuuyameaHama 3aBucumocm mexgy max.

B 3akAroyeHue pezynavuama Ha KocmHama 006-
MAHa e cAoXeH npouec, B koimo ydacmBam kaem-
KUme Ha KOCmMmma, KOCMHUA MO3bK U pazHoobpaszHu
AOKaAHU U CuCMeMHU XymopaAaHu cakmopu. [pe3
nocAegHume gecemuAemua ce Hampynaxa MHO20
HoBu gaHHu 3a B3aumogeldcmBuemo mexgy kaem-
kume B8 kocmHama mbkaH. [Nogpo6Homo ono3Ha-
BaHe Ha MOAEKYAApHUME U KAEMbYHU MEeXaHu3mu
cb3gage HoBa KoHuenuua 3a KocmHama namous3u-
onozus. TupeougHume XopmoHU ca KalouoBu peayaa-
mopu Ha KoCcmHama xomeocmasa. Mogyaauuama Ha
0CHOBHU Cu2HaAHU NbMUWaA OM MupeougHume xXop-
MOHU MO>e ga gonpuHece 3a mupeoug-acoyuupaHa-
ma KocmHa 6oaecm u npomaHama 6 ekcnpecusama
Ha onpegeaeHu moAekyau ce aBaBa nomeHuuaneH
mepaneBmuueHn mapaem.
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Opuz2uHaAHa cmamus

Acoyuayuna mexxgy Hakou exozpadcku
napamempu u Hu6ama na TSH-peyenmopHume
aHmumena
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Pe3slome

Llea: bazegoBama 6oaecm e aBmoumyHHo 3ab6oanBane, 6 yuamo guazHo3a BaxkHa poaa uzpaam exozpad-
ckomo u3caegBaHe u onpegeaaHemo Ha TSH-peuenmopHume anmumeaa (TRAb). TRAb umam omHoweHue u
KbM NpozHo3ama Ha 3aboaaBaHemo - HezamuBuzupaHemo um B xoga Ha MupeocmMamuyHOMO AeveHue ce
cBobp3Ba ¢ no-HUCHK puck om peuuguBu.

Llea Ha Hacmosawemo u3caegBaHe e ga ce npoyuu Bpb3ikama mexkgy HAKOU exozpadpcku napamempu u
HuBama Ha TRAb npu nauueHmu ¢ bazegoBa 6orecm.

Mamepuar u memogu: B u3zcregBaHemo ca BkatoueHu 66 nauuenma (52 >keHu, 14 mbike) ¢ bazegoBa
H6oaecm nog mupeocmamuyHo AedeHue, cpegHa Bb3pacm - 49,5 2oguHu (23-79 2.), NPOgbAXKUMEAHOCM Ha 3a-
6oanaBanemo - 19.5 meceua (4-58 mec.). NMauueHmume ca pazgeaeHu B8 gBe 2pynu: Mpyna 1 - ¢ nogumuBru TRAb
(n=34); Tpyna 2 - ¢ HezamuBHu TRAb (n=32). Mpu Bcuuku nayuermu ca uzcaegBaru TSH, FT,, TRAb u e npoBe-
geHa exoepadua Ha wumoBugHama xaAe3a ¢ onpegeasHe Ha obema, exoeeHHOCmMmMa, kpbBomoka Ha napeHxuma
U HaAUYUEMO Ha HOJO3HU NPOMEHU.

Pezyamamu: O6embm Ha wumoBugHama »aAe3a e 3Ha4uUMo No-20AaM npu nauueHmume om fpyna 1 (15 ml
cpewy 10,5 ml, p=0,047). Cpeg max 3Hauumo no-vyecmo ce omkpuBa xunoexozenHocm om Il u lll cm. (p=0,047)
u noBuweH kpbBomok (p<0,001). Hecmomama Ha Hogo3zHume npomeHu B pyna 1 e 35%, gokamo B pyna 2 e
44% (p=0,62).

3akaroderue: YBeauueHuam obem Ha wumoBugHama >kae3a, noBuweHuam kpbBomok u uzpazeHama xu-
NOexX02eHHOCM ce cpewam no-yecmo npu hauueHmume ¢ bazegoBa 6oaecm ¢ nepcucmupawa UMyHOAO2UYHA
akmuBrHocm, aBaBalku ce HezcamuBHU Npo2HOCMUYHU (PaKMOPU 3a NOCMU2aHe HA UMYHOAORUYHA pemucus.

KaroyoBu gymu: bazegoba 6oaecm, TSH-peuenmopru anmumena (TRAb), mupeougen o6em, kpbBomok,
exozeHHoCm.
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BvBegeHue

bazegoBama 6orecm e aBmoumyHHo 3aboaaBaHe
u npeobaagaBawa npuvuHa 3a Xunepmupeougu3bm
¢ yecmoma npubauzumeaHo 5-10/1000 gywu. Oc-
HoBHa poaa B namozeHe3ama U uzpasm TSH-peuen-
mopHume aHmumeaa (TRAb), koumo cmumyaupam
xopmoHaaHomo npou3BogcmBo u npoAucpepavuama
Ha mupeouyumume. HuBama Ha TRAb o6ukHoBeHo ca
Hau-Bucoku npu u3zaBama Ha 3a6oaaBaHemo u Hama-
aaBam 6 xoga Ha mupeocmamuyHo AeveHue. OcHoB-
Ha UeA Ha mupeocmamuyHOmMoO AedeHue e nocmuaa-
HEmo Ha XOpMOHaAHa u nocAegBawia UMyHOAO2UYHA
pemucusa ¢ HeeamuBusupare Ha TRAb. NMocaegHomo
e BaxxHo ycaoBue npu B3emaHe Ha peweHue 3a npe-
ycmanoBaBare Ha mupeocmamuyHama mepanua u e
cBbp3aHo ¢ Bb3MOXKHO Hal-HUCBHK puck om peuuguB
Ha 3aboAaBanemo (1).

Yampa3zBykoBomo uzcaegBare e egus om ocHoB-
HUMe memogu 3a guazHo3a Ha bazegoBama 6oaecm.
To nomaea 3a pazepaHuuaBaHemo U om gpyau op-
MU HAa MUPEOMOKCUKO3a U e 0cobeHo noAe3Ho npu
HeBb3moxxkHoCcm 3a uzcaegBaHe Ha TRAb, kakmo u 6
pegkume caydau Ha TRAb-HeeamuBHa bazegoBa 6o-
Aecm. ObuvadHa Haxogka NPU guazHoCMuUUUpaHe Ha
3aboanaBatemo e yBeauueH obem Ha wumoBugHama
»Ae3a, noBuweHa Backyaapuzauun, HEXOMO2EHHOCM
Ha napeHxuma u HamaAeHa exozeHHocm (2). Bpb3ka-
ma mexkgy me3u exoepadpcku hapamempu U UMYHOAO-
2U4HUA CMamyc He e goOCMambYHO NpoyyeHa.

Llenma Ha Hacmoawemo u3caegBaHe e ga ce
nombpcu Bpb3ka Mexkgy HAKOU exozpadpCcku napame-
mpu u HuBama Ha TRAb npu nayueHmu c bazegoBa
6oAaecm nog mupeocmamuvHa mepanus.

Mamepuaau u memogu

3a nepuoga om peBpyapu go toHu 2019 2. 6 Tpe-
ma KAuHuka Ha YHuBepcumemcka cneuuaau3upaHa
6oAHuua 3a akmuBHO AeuyeHue NO eHgOKPUHOAO2US
(YCBAAE) ca xocnumaau3upaHu obwo 98 nauueHma
C mupeomokcuko3a. B Hacmoawemo npoyuBaHe ca
BkatoueHu 66 nauueHma c bazegoBa 6oaecm (52
KeHu, 14 mwbixke), cpegHa Bb3pacm - 42,3 20guHu,
Nog MupeocmamuyHO AedYeHue U cpegHa NPOgbAXKU-
meAHocm Ha 3aboaaBaHemo - 21,3 meceua, kKoumo
omezoBapam Ha caegHume BkaouBawu u uzkaouBa-
wu Kpumepuu:

BrarouBawu kpumepuu - navueHimu ¢ bazegoBa
b6oaecm, guazHOoCcmMuuupaHa Ha 6a3zama Ha XOPMOHaA-
Ha KoHCMeAauua 3a MUPEeomoKcuko3a u nozumuBHu
TRAb, 8 eymupeougHo cbcmoaHue Ha hoHa Ha mupe-
ocmamuyHa mepanua KbM MOMeHMa Ha uzcaegBaHemo.

U3karoyBawu kpumepuu - nauueHmu C peuu-
guB Ha bazegoBama 6oaecm caeg npoBegeHo one-
pamuBHOo AedyeHue uAu paguoligmepanus; hauueHmu
C Xunepmupeougu3bm u HezamuBHu TRAb npu gu-
azHocmuyuupaHemo Ha 3aboaaBaHemo; nauueHmu c
bazegoBa 6oaecm, Koumo npuemam UAU ca npuema-
AU B nocregHama 20guHa 2AIOKOKOPMUKOUQU UAU gpy-
2U UMyHOMOgyAupawu cpegcmBa; nauyueHmu ¢ gpyau
bopMU Ha Xunepmupeougu3bm - Hogo3Ha Ga3egoBu-
uupaHa cmpyma, mokcudeH ageHom, tog-bazegoB u gp.

B npoyuBaHemo ca BkatoueHu u 20 3gpaBu KoH-
mpoau (18 >keHu, 2 mbike; cpegHa Bb3pacm 34 2.) 6e3
XOPMOHAAHU, UMUHOAORUYHU U eXx02padpCcKu gaHHU 3a
3aboanBarHe Ha wumoBugHama >kAe3a, 3a oueHka Ha
KpbBomoka Ha mupeougHUA NAPEHXUM.

Mpu Bcuuku navueHmu ca u3caegBaHu mupeo-
ugHu xopmoHu (TSH, FT,) u TRAb. OnpegeaaHemo Ha
TSH u FT, e ocbwecmBeHo upe3 paguoumyHoAo2u-
yeH memog, a uzmepBaHemo Ha TRAb - upe3 paguo-
peuenmopeH aHaau3 ¢ kumoBe Ha BRAHMS GmbH.
Vndpopmauua omHocHo gaBHocmma Ha 3aboaaBate-
Mo U u3xogHua umyHoaozudeH cmamyc (TRAb, anti-
TPO, TAT) e HabaBerHa om npegocmaBeHama megu-
UUHCKa gokymeHmauus.

Mpu Bcuuku nayueHmu u npu 3gpaBume KOHMPO-
AU e npoBegeHo exoepadpcko uzcaegBaHe ¢ yampas-
BykoB anapam ALOKA ProSound Alpha 6, ¢ auHeapHa
coHga (13,3 MHz), om eguH u3zcaegoBamen npegu
noay4aBaHe Ha pe3yamamume OMHOCHO HacmoAwUa
XOPMOHaAEH U umyHoAo2udeH cmamyc. OueHeHu ca
cAegHUME exozpadpcku napamempu - obem, exoz2eH-
Hocm, KpbBOMOK U HaAuuue Ha HOGO3HU NPOMEHU.

Onpegeaane Ha obema: Ype3 exozpadp)cko u3-
caegBate ca uzmepeHu guamempume Ha gBama Aroba
- HagawxkeH (l), npegHo-3ageH (d) u mpaHcBep3aneH
(w). B cayual Ha HagabXkeH guamembp >4 cm, 3a
uzmepBavemo my e uznoazBana mexHukama ,two-
image” uau mpaneuoBugeH npo3opeu, Obemume Ha
gBama aoba ca uzuucaeHu No hopmyarama 3a eaunco-
ug - V[ml] =0,479 x d x w x T [cm]. Obwuam obem
Ha wumoBugHama >aAe3a e npegcmabeH kKamo cyma
om obemume Ha gBama A06a, 6e3 ga ce BkaouBa uc-
mmycbm.

OnpegeaaHe Ha exozeHHocmma: ExozeHHocmma
Ha MUPEeoUgHUA NAPEHXUM € OueHeHa Ype3 cbnocma-
BaHemo U ¢ ma3u Ha gpyau wWuldHU CMPYKMypu u e
Kamezopu3upaHa Kamo:

1) HopmaaHa - egHakBa ¢ ma3u Ha nogkoXxKuemo;

2) xunoexoeeHHocm | cm. - no-Hucka om masu
Ha NogkoXkHama mwbkaH, HO no-Bucoka om mazu Ha
wuldHUMe MYCKyYAU;

3) xunoexozeHHocm Il cm. - paBHa Ha ma3u Ha
wuluHUMe MyCKyAU;

4) xunoexozeHHocm lll cm. - no-HUCka om masu-
Ha wulHume myckyau. MNMpu aHaAu3a Ha pezyamamu-
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me exozeHHocmma e pa3zgereHa 6 gBe obobweHu
Kamez2opuu: a) HOPMO- U XunoexozeHHocm | cm. u 6)
u3pazeHa xunoexozeHHocm, BrkaouBawa xunoexozeH-
Hocm om Il u lll cm.

OnpegeanaHe Ha kpbBomoka: pu uzcregBane ¢
Color Doppler e onpegeaeH 6poam Ha uHmpanapen-
xumHume cbgoBe Ha kBagpameH caHmumembp Mu-
peougeH napeHxum. 3a geduHupaHe Ha HOPMaAHUA
kpbBomok uzcaegBaxme 20 3gpaBu KOHMPOAU, KamMOo
npu 19 om max (95%) 6poam Ha uHMpanapeHxXuMHU-
me cbgoBe He HagBuwaBawe 4/cm? [pu ouyeHkama
Ha kpbBomoka Ha wumoBugHama >kAe3a Ha gBeme
2pynu nayueHmu npuemame, e mol e HopMaaeH npu
HaAaudue Ha <4 uHmpanapeHxXuMHu cbga/cm? u noBu-
WweH - npu >4 uHMpanapeHXUMHU Cbga/cm?.

OnpegeaaHe Ha HaAU4UEeMO Ha HOgO3HU npome-
Hu: [Mpu Bcuuku nauueHmMu e onucaHa cmpykmypama
Ha >kKA€3ama U HaAuYuUemo UAU Auncama Ha HOgo3HU
npomeHu 6 Hea. AHaauzbm Ha Bb3aume (6pol, pas-
mep, hopma, exo2eHOCm U gp.) He e npegmem Ha Ha-
cmoawemo npoyuBate.

MNayueHmume ¢ bazegoBa 6orecm ca pa3geaeHu
6 gBe epynu cnopeg umyHorozuuHama akmuBHocm
KbM momeHma Ha uzcaegBanemo:

pyna 1 - c noBuweHa umyHoro2uuHa akmuB-
Hocm (TRAb >2 mlIU/ml, n=34);

Ipyna 2 - 6e3 umyHorozuuHa akmuBHocm

(TRAb <2 mIU/ml, n=32).

Cmamucmuyecku memogu. B npoyuBaHemo ca
uznoa3zBaHu nogxogawu 3a nocmaBeHume ueau u

agekBamHu Ha cBolicmBama Ha gaHHume cmamuc-
MuYecKu Memogu: OnucameAeH aHaAu3; 2padpuueH
aHaau3; npoBepka Ha xunomes3u (napamempuyHu u
Henapamempu4Hu memogu). 3a u3caegBare Ha vec-
momume Ha pa3npegeAeHue Ha KamezopulHume
npomeHauBu e uznoa3zBan Chi-square mecm. 3a aHa-
AU3a Ha yucroBume npomeHauBu B 3aBucumocm om
HOpMaAHOCMMa Ha paznpegeAeHue ca u3noa3BaHu
cbomBemno T-test uau Mann-Whitney U test. [po-
Bepkama Ha xunomesu e uzBvpweHa caeg npegBapu-
meAHo 3agageHo HuBo Ha 3Hauumocm 0,05 (p<0,05).
AaHHume ca o6pabomeHu CbC cmamucmuyecku na-
kem SPSS 19 3a Windows (SPSS Inc. Chicago, IL).

Pesyamamu

CpaBHenue Ha ocHOBHUMeE KAUHUYHU NOKazameAau

OcHoBHUMeE KAUHUYHU XapakmepucmuKku Ha u3-
caegBanume nauueHmu om gBeme 2pynu ca npeg-
cmaBenu B8 Tabauya 1.

Me>xgy gBeme u3caegBaHu epynu nauueHmu
auncBa 3Hauuma pazauka no omHoweHue Ha Bb3pac-
mma, noroBomo paznpegeseHue, NPOGbAXKUMEAHOC-
mma Ha 3a6oAaBaHemo, HaaudueMo Ha Mupeoug-aco-
uuupaHa odgmaamonamua (TAO) u Hacmoawume
XxopmoHaaHu HuBa. MMpu cpaBHeHue Ha usarocmHuA
UMyHOAO2UYeH cmamyc ycmaHoBaBame 3HauUMO
no-Bucoku u3zxogHu u akmyaaHu HuBa Ha TRAb, kak-
mo u no-Bucoka yecmoma Ha no3zumuBHu anti-TPO
cpegnavueHmume om [pyna 1.

TabAauya 1. O6wu xapakmepucmuku Ha hauueHmume om gBeme 2pynu

lpyna 1 lpyna 2 P
CpegHa Bb3pacm (20g.) 49 (23-72) 52,5 (30-79) 0,434
Kenu:mobixe (%) 79:21 78:22 0,950
Bb3pacm npu guaezHo3zama (20g.) 45 (21-69) 48 (27-78) 0,555
INpogbaxkumeAaHocm Ha 3a6oAaB8aHemo (mec.) 19,5 (4-38) 20 (5-58) 0,859
ConbmemBawa TAO (%) 62 56 0,625
TSH (mIU/I) 3,041, 2,25%1,3 0,256
FT, (pmol/l) 14,6+4,2 16,5+3,0 0,412
M3xogHu TRAb 11,2 (2,3-40) 5,89 (2,2-30) 0,012
AkmyaaHu TRAb 6,4 (2,1-40) 1(1,0-1,9) <0,001
ANti-TPO+ (%) 77,4 51,6 0,034
TAT+ (%) 48,4 32 0,205
Ao3a mupeocmamuk (maba/g.) 2,6%1,5 1,4+0,7 <0,001
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Tabauya 2. Cpabrenue Ha exozpapckume nokazameau Ha nauueHmume om g6eme 2pynu O6wu

Xapakmepucmuku Ha hayueHmume om gBeme 2pynu

Exozpadcku napamempu lpyna 1 lpyna 2 p
O6em Ha wumoBugHama »xae3a (ml) 15,0 (5,9-63,5) 10,5 (4,7-30,0) 0,047
ExoeenHocm (%)
HOpMO-/XxunoexozeHHocm | cm. 41,2 65,6
xunoexoz2eHHocm -l cm. 58,8 34,4 0,047
KpbBomok (%)
HOpMaAeH 20,6 75
noBuwen 79,4 25 <0,001
Hogo3zHu npomeHu (%)
ga 353 43,8
He 64,7 56,2 0,62

AuncBa 3Hauuma pazauka mexxgy yecmomama Ha no-
3umuBHu TAT npu gBeme epynu. MNMavuueHmume om
[pyna 2 npuemam 3Ha4umMo no-Hucka gHeBHa go3a
mupeocmamuk (1.4 mabAa. cpewy 2.6 maoOAa.).

CpalBuenue Ha exozpaghckume napamempu

ABeme 2pynu nayueHmu ca cpaBHeHu no caeg-
HUMe exozpacku napamempu - obem Ha wumo-
BugHama >Ae3a, exozeHHOCM, KpbBOMOK U Haauuue
Ha HOgO3HU NnpomeHu. Pesyamamume ca npegcmaBe-
Hu 6 Tabauua 2.

MNMpu nayueHmume om [pyna 1 ce HabaogaBa
3HauYuUMO no-eoaam obem Ha wumoBugHama >Kae3a,
no-20AAMa Yecmoma Ha u3pa3zeHa XunoexoeeHHOCm
(I'u I cm.) u noBuweH kpbBOMOK Ha napeHxuma.
Mexgy gBeme 2pynu Hama pasauka N0 oMHOWeHuUe
Ha HaAuduemo Ha Bb3Au. YcmanoBaBame u 3Hauu-
mMa nozumuBHa koperauyua mexxgy obema Ha wumo-
BugHama >kae3a u noBuweHua KpbBoOoMoOK Ha napeH-
xuma (p=0,01), KaKmo U 2paHuUYHa KopeAauusa mexgy
obema u HaAUMUEMO Ha u3pa3eHa XUNOEexo2eHHOCM
(p=0,07).

Obcbv)kgaHe

Cmpymama e eguH om ocHoBHume guazHOC-
muyHU Kpumepuu 3a bazegoBa 6oarecm, Bbnpeku ye
npu Yacm om nauyueHmume wumoBugHama >kAe3a
e ¢ HopmaAaHu pa3mepu (3). OcHoBHa poaa 3a yBeau-
yeHua mupeougeH obem uzpaam TRAb, koumo cmu-
MyAUpam He Camo XOpMOHAAHama NPogykuua, HO U
npoAugpepavuama Ha mupeouumume. [NMoBuweHuam
kpbBomok u B no-maaka cmeneH AumoyumHama UH-
dpuampauua gonpuHacam 3a yBeauuaBaremo Ha paz-
mepume Ha >kae3zama (4). YampazBykoBomo u3caeg-
BaHe e gocmbneH u cpaBHUMEAHO MoYeH memog 3a

onpegeAaHe Ha obema Ha wumoBugHama >kae3a. B
peguua npoyuBaHua e aHaAuzupaHa Bpb3kama mexx-
gy obema u BepoamHocmma 3a mpadHa pemucus (5,
6). MNMauueHmume c exozpadpcku no-20Aam 00em Ha
wumoBugHama >ae3a, onpegeaeH paHo B xoga Ha
3aboaaBaremo, ca ¢ no-Bucoka yecmoma Ha peuugu-
Bu caeg npeycmaHoBaBaHe Ha mupeocmamuyHOmMo
AedeHue. Om gpyeza cmpaHa, Yyecmomama Ha peuugu-
Bume e B8 nosumuBHa Kopeaauua ¢ HuBama Ha TRADb
(7, 8). Hawume pe3syamamu nokazBam Haauuue Ha
3HavuMa KopeAauua mMexkgy umyHoAo2u4Hama akmu6-
Hocm u obema Ha wumoBugHama »Ae3a, Kamo mod
€ 3HaYuUMO NO-20AAM NPU NauueHmMume ¢ noBuweHu
TRADb Ha ¢poHa Ha mupeocmamuuHo AeuveHue. To3u
¢hakm UHgUPEKMHO Ce acouuupa u ¢ no-2oramama Be-
poamHocm 3a peuuguBu npu Haauduemo Ha gBama
¢dprakmopa egHoBpemeHHO.

Auy3zHO HamaseHama exo2eHHOCMm e eguH
om exozpapckume Kpumepuu 3a guaeHo3a Ha a6-
moumyHHo 3aboaaBaHe Ha wumoBugHama >kAe3a.
Aokamo npu mupeouguma Ha Xawumomo Xunoexo-
2eHHocmma ce cBbp3Ba ¢ gugyzHama AumcouumHa
uHpuAmpauug, npu bazegoBama 6orecm HamaneHa-
ma ex02eHHOCM Ce gbAXKU Ha HAaMAaAeHOMO Cbybp-
’KaHue Ha koaoug, noBuwaBaHemo Ha peaamuBHua
UAU abcoAlomHuA KAembueH Gpol, AumdgouumHama
uHpuampauua u noBuweHua kpbBomok (9). Hakou-
aBmopu omkpuBam koperauua mexkgy cmeneHma
Ha xunoexozeHHocm u HuBama Ha UupKyAupawume
TRAb (10, 11), koemo e 8 cbomBemcmBue ¢ pe3ya-
mamume om Hacmoawemo npoyuBaHe. Hue ycma-
HoBaBame uzpazeHa Xunoexo2eHHOCM No-4ecmo Npu
nauueHmume ¢ no3umuBHu TRAb, gokamo npu me3u
¢ HezcamuBu3zuparHu TRAb 6 xoga Ha mupeocmamuvu-
HOMO AeveHue npeobragaBa HOPMO- UAU XUNOEXOR2€EH-

140

EHgokpuHonozus Tom XXIV N23/2019



Hocm | cm. Acouuauyuama mexkgy UMYHOAO2UYHama
akmuBHocm om egHa cmpaHa, exoeeHHocmma u o6e-
ma Ha wumoBugHama >kAe3a om gpyea, onpegeaa po-
AfMa Ha Me3u exozpacku hapamempu Kamo gonbA-
HUMEeAHU NPOZHOCMUYHU (PakmMopu 3a hNocmuzaHemo
Ha UMYHOAO2UYHA pemucus.

IMNpu guaezHocmuuupaHe Ha bazegoBama 6oaecm
kpbBomokbm Ha wumoBugHama »xae3a no npaBuro
e 3HayumenHo yBeauueH (12). B xoga Ha 3aboaaBa-
Hemo, npu agekBamHa mupeocmamuyHa mepanus,
uHMpanapeHxumHuam KpbBomok HamaaaBa 3HauuUMO
(12-14). N3B8ecmHo e, ye nogobHa meHgeHuua ce
HabAtogaBa u no omHoweHue Ha TRADb (1). MNamo-
2eHEMUYHUAM MexaHu3bm, NOo KOUMO uHMpanapes-
xumHuam kpbBomok ce noBuwaba npu bazegoBa 6o-
Aecm, He e HanbAHO ymouHeH. [NoBuwer kpbBomok
Hepagko ce omkpuBa u npu aBmoumyHeH xunomupe-
ougu3zbm, Koemo u3katouBa Bucokume HuBa Ha ne-
pugepHUMe MUPEoUgHU XOPMOHU Kamo gupekmHa
npuyuHa. Bv3moxkHo e xunepBackyrapumembm ga e
npoaBaeHue Ha aBmoumyHHOMoO Bb3nareHue Ha wu-
moBugHama >kae3a. EHgomeaHuam pacmexxeH ak-
mop u xemokuHbm CXCL 10 BeposmHo uzpaam poas
6 akmuBupaHemo Ha mupeougHama HeoaH2uO2eHe-
3a, CMUMYAU 3a Koamo ca cbomBemto noBuweHusm
TSH npu aBmoumyHHua mupeougum u TRAb npu ba-
3egoBa 6oaecm (15). NMpegnorazaemama namozeHe-
muuHa Bpb3ka mexxgy TRAb u uHmpanapeHxumHua
kpbBomok ce nomBbpxkgaBa u om Hacmoawemo
npoyuBare, koemo noka3Ba cuaHa acoyuauun mexgy
noBuweHus kpbBomMoK u Haauduemo Ha nojumuBHu
TRAb. MHozo aBmopu cuumam, ve kpbBomokbm e
gobbp mapkep 3a mepaneBmuuHa edekmuBHocm,
Bbnpeku ue npomeHume B Hezo obuualHo HacmbN-
Bam cAaeg HOpmaAu3zupaHe Ha XOPMOHAAHUA U UMYHO-
Ao2uuHua cmamyc (16). OueHkama Ha kpbBomoka
Ou MO2Aa ga CAYXKU 3@ OpueHmMuUp NO OMHOWeHUE Ha
ejpekma om mupeocmamuyHOMo AeveHuUe, KOemo e
ocobeHo ueHHO npu HeBb3moxxHOCM 3a uzcaegBane
Ha TRAb. Memogukama, uznoa3BaHa 3a ougHka Ha
kpbBomoka B Hacmoawemo npoyuBare, € NOAYKOAU-
yecmBeHa u ompa3zaBa cybekmuBHama npeugeHka Ha
exoepadpucma. be3 ga npemeHgupa 3a npeyuzHocm,
MEMOgbM € NogXogauw, 3a HayaAHa OUEeHKa Ha KpbB-
HUA MOK Npu gudy3Hu 3aboraBaHua Ha wumoBugHa-
ma >kAe3a. [lo-moueH koaudecmBer memog e oueHka-
maHa ckopocmma Ha KpbBHua mok.

YecmanoBera e no3umuBHa Kopeaauua mexkgy cko-
pocmma Ha KpbBHua mok u HuBama Ha TRADb, kakmo u
cxogHa guHamuka Ha gBama nokazamens 6 xoga Ha 3a-
6oaaBaHemo (17-19). Cnopeg Saleh u comp. koauduecm-
BeHama ougHka Ha kpbBomoka e ¢ gobpa npegukmuB-
Ha cmolHoCm no omHoweHue Ha BepoamHocmma 3a
peuuguB Ha bazegoBama 6orecm (uyBecmBumearocm

71%, cneuyucpuurocm 100%) (20). Vita u cemp. ycma-
HoBaBam, ye npu nauuetmu ¢ bazegoBa 6oarecm no-
BuweHuam uHmMpanaperxumeH KpbBomok KopeAupa
¢ yBeaudeH mupeougeH obem, Haauuue Ha u3pazeHa
xunoexozeHHocm u noBuweHu HuBa Ha TRAb (21), koe-
mo nomBupskgaBame u Hue. Bb3morkHo e kombuHupa-
Hemo Ha me3u Mpu exozpagpcku Napamembpa, Beeku
om max acoyuupauw, ce C UMYHOAO2UYHO akmuBHO 3a-
6oAaBaHe, gonbAHUMEAHO ga HamaAaBa BepoamHocm-
ma 3a nocmueaHe Ha mpadHa pemucus.

B Aumepamypama AuncBam gaHHU OMHOCHO
Bpb3zkama mexkgy TRAb u Haauuuemo Ha Hogo3zHuMe
npomeHu 8 wumoBugHama xae3a. Hue He ycmanoBa-
Bame pazauuua 8 yecmomama Ha 8b3Aume npu nauu-
eHmu ¢ u 6e3 umyHoAoz2u4Ha akmuBHocm.

[Mpu oueHKama Ha UMYHOAO2UYHUA CMamyc Ha na-
uueHmume ¢ bazegoBa 6orecm B cvobparkeHue Bauza
u HuBomo Ha anti-TPO u TAT. MekoBa u cbmp. cb0o0b-
waBam, uye HoBoguazHOCMuUUUpPaHUME NauueHmMu C
bazegoBa 6oaecm u nozumuBru anti-TPO u/uau TAT ca
¢ no-Bucoku uzxogHu HuBa Ha FT4 u TRAb u no-2oaam
obem Ha wumoBugHama »xae3a (22). Hue ycmanoBa-
Bame no-Bucoku uzxogHu HuBa Ha TRAb u no-Bucoka
yecmoma Ha no3umuBHu anti-TPO cpeg nayueHmume
C nepcucmupawa UMyHoAo2u4YHa akmuBHocm.

Hawemo npoyuBaHe uma HAakou o2paHuveHuA.
Ha nopBo macmo, uzcaegBaHuam 6pol nauueHmu e
OMHOCUMEAHO MaAbK, KOEMO e XapakmepHo U 3a No-
Beuemo npoyuBarua 8 ma3zu o6aacm. Ha Bmopo mac-
mo, gu3alHbm e HanpeuHo-cpe3oB u obxBaHamume
nayueHmu ca ¢ nocmuzHama mepaneBmuuHa pemu-
cua. AuncBa ougHka Ha aHaAuzupaHume exoz2pagcKu
napamempu npu guazHocmuuupaHemo Ha 3aboaaBa-
Hemo. [NMo-HamambwHO npocaegaBare Ha u3caegBa-
Hama Koxopma 6u M02A0 ga gage uHgopmauua om-
HOCHO guHamuKama Ha exoezpadckume napamempu 6
xoga Ha 3aboaaBaHemo.

3akAloyeHue

MNpu nauuesmume ¢ bazegoBama 6oaecm yBe-
AudeHuam obem Ha wumoBugHama >kae3a, noBuwe-
Huam KpbBOMOK U U3pazeHama Xunoexo2eHHOCM ce
acouuupam ¢ noBuweHa umyHoAo2u4HA akmuBHoCcm
Ha 3aboaaBaHemo. Te3u exoepadcku napamempu
caegBa ga ce oueHaBam u npocaegaBam B xoga Ha
MUupPeoCcmMamuyHOMO AeveHUe C 02Aeg Ha KOMNAEKC-
Ha OUEHKa 3a Nocmu2aHemo Ha pemucus.

Tazu nybaukauyua e nogkpeneHa om MuHucmepcmBo
Ha obpazoBaHuemo u Haykama no HayuoHarHama
npoepama 3a Hay4Hu uzcaegBaHua ,Maagu yyeHu u
nocmgokmopaHmu”.
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Abstract

Introduction: Graves’' disease is an autoimmune disorder and both ultrasound examination and determina-
tion of TSH receptor antibodies (TRAb) play an important role in its diagnosis. TRAb levels are also relevant to the
prognosis of the disease - their negativization in the course of antithyroid drug therapy is associated with lower
risk of relapses.

The aim of this study is to investigate the association between some ultrasound parameters and TRAb levels
in patients with Graves’ disease.

Material and methods: The study included 66 patients (52 women, 14 men) with Graves’ disease on antithy-
roid drugs of mean age 49,5 years (23-79 years) and disease duration of 19,5 months (4-58 months). The patients
were divided into two groups: Group 1 - with positive TRAb (n=34); Group 2 - with negative TRAb (n=32). TSH, FT,,
TRADb were examined in all patients and thyroid ultrasound was performed to determine the volume, echogenicity,
parenchymal blood flow and nodularity of the thyroid gland.

Results: Thyroid volume was significantly higher in Group 1 patients (15 mlvs 10,5 ml, p=0,047). Among them
marked hypoechogenicity (p=0,047) and increased blood flow (p<0,001) were found significantly more frequently.
The incidence of thyroid nodules in Group 1 was 35%, while in Group 2 it was 44% (p=0,62).

Conclusion: Enlarged thyroid volume, increased blood flow and marked hypoechogenicity are more common
in patients with Graves’ disease and together with persistent immunological activity appear to be negative prognos-
tic factors for achieving immunologic remission.

Key words: Graves’ disease, TSH-receptor antibodies (TRAb), thyroid volume, blood flow, echogenicity.

Introduction

Graves’ disease is an autoimmune disorder and
the most common form of hyperthyroidism with an in-
cidence of approximately 5-10/1000. TSH-receptor an-
tibodies (TRAD) play a major role in its pathogenesis by
stimulating the hormonal production and proliferation
of thyrocytes. TRAD levels are usually highest at the

onset of the disease and gradually decrease during the
therapy with antithyroid drugs. The main goal of the
treatment is to achieve hormonal and subsequent im-
munological remission with TRAb disappearance from-
circulation. The latter is an important prerequisite when
considering discontinuation of antithyroid drugs and is
associated with lower risk of relapses (1).
Ultrasound is one of the diagnostic tests applied
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for establishing the diagnosis of Graves’ disease. It helps
differentiate Graves’ disease from other forms of thy-
rotoxicosis and is especially useful when evaluation of
TRAb is not possible, as well as in rare cases of TRAb-neg-
ative Graves’ disease. Common ultrasound findings at
the time of diagnosis of Graves’ disease are enlarged
thyroid volume, increased vascularization, parenchymal
heterogenicity and hypoechogenicity (2). The relation-
ship between these ultrasound parameters and the im-
munological status has not been sufficiently studied.

The aim of the present study was to investigate the
association between some ultrasound parameters and
TRAD levels in patients with Graves’ disease on antithy-
roid drug therapy.

Material and method

From February to June 2019, 98 patients with thy-
rotoxicosis were admitted to the Department of Thy-
roidology of the University Hospital of Endocrinology
(USBALE). The present study enrolled 66 patients with
Graves’ disease (52 women, 14 men), median age 42,3
years, on antithyroid drugs with median disease dura-
tion 21,3 months, meeting the following inclusion and
exclusion criteria:

Inclusion criteria - patients with Graves’ disease
with thyrotoxicosis and positive TRAb at the onset of the
disease, currently euthyroid on antithyroid drug therapy.

Exclusion criteria - patients with recurrent Graves’
disease after surgery or radioiodine therapy; patients
with hyperthyroidism and negative TRAb at the time of
diagnosis; patients with Graves’ disease treated current-
ly or within the past year with glucocorticoids or other
immunomodulating medication; patients with other
forms of hyperthyroidism - toxic nodular goiter, toxic
adenoma, Jod-Basedow, etc.

Twenty healthy subjects (18 females, 2 males;
mean age 34 years) without hormonal, immunological
and ultrasound features of thyroid disease served as a
control group to define the normal thyroid parenchy-
mal blood flow.

Thyroid hormones (TSH, FT,) and TRAb were mea-
sured in all patients. The evaluation of TSH and FT4
was performed by radioimmunoassay and the measure-
ment of TRAb by radioreceptor analysis with BRAHMS
GmbH Kkits. Information on disease duration and base-
line immunological status (TRAb, anti-TPO, TAT) was
obtained from the medical records provided.

In all patients and in the healthy controls an ul-
trasound examination was performed with an ALOKA
ProSound Alpha 6 ultrasound machine using a linear
probe (13,3 MHz) by one investigator before obtaining
the results on the current hormonal and immunologi-
cal status. The following ultrasound parameters were
evaluated - volume, echogenicity, blood flow and pres-
ence of nodules.

Determination of thyroid volume: The diameters
of the two lobes - longitudinal (I), anteroposterior (d)
and transverse (w), were measured by ultrasound. In
case of longitudinal diameter > 4 cm, a two-image or a
trapezoidal window technique were used. The volumes
of the two lobes were calculated using the formula for
ellipsoid - V [mL] = 0,479 x d x w x | [cm]. The total thy-
roid volume was calculated as the sum of the volumes
of both lobes; the isthmus was not included.

Determination of the echogenicity: Thyroid pa-
renchyma echogenicity was compared with that of oth-
er cervical structures and categorized as follows:

1) normal - similar to that of subcutaneous tissue;

2) hypoechoic | degree - lower than that of sub-
cutaneous tissue, but higher than that of the cervical
muscles;

3) hypoechoic Il degree - equal to that of the cer-
vical muscles;

4) hypoechoic Il degree - lower than that of the
cervical muscles. The echogenicity categories were
summarized into two general groups: a) normo- and hy-
poechogenicity | degree and b) marked hypoechoge-
nicity, including Il and Ill degree hypoechoic structure.

Determination of the blood flow: The number of
intraparenchymal vessels per square centimeter of thy-
roid parenchyma was determined using Color Doppler.
To define normal blood flow we examined 20 healthy
controls - in 19 of them (95%) the number of intrapa-
renchymal vessels did not exceed 4/cm? When eval-
uating the thyroid blood flow of the studied groups,
we assumed that it was normal if <4 intraparenchymal
vessels/cm? were visible and increased if >4 intraparen-
chymal vessels/cm? were observed.

Determination of thyroid nodularity: In all pa-
tients the structure of the gland and the presence of
thyroid nodules were described. Assessment of nod-
ules’ characteristics (number, size, shape, echogenicity,
etc.) was not the subject of this study.

Patients with Graves’ disease were divided into
two groups according to the immunological activity at
the time of the study:

Group 1 - with increased immunological activity
(TRAb>2 mIU/mL, n=34);

Group 2 - withoutimmunological activity (TRAb<2
mlU/mL, n=32).

Statistical methods: The statistical methods used
were suitable for the goals and the properties of the data:
descriptive analysis; graphical analysis; hypothesis testing
(parametric and non-parametric methods). A Chi-square
test was used to investigate the frequency distribution
of categorical variables and a T-test or a Mann-Whitney
U test was applied to analyze the continuous variables
according to the normality of distribution. Hypothesis
testing was performed with a predetermined significance
level of 0,05 (p <0,05). The SPSS 19 statistical package
for Windows (SPSS Inc. Chicago, IL) was used.
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Results

Comparison of baseline clinical characteristics

The main clinical characteristics of the patients
from the two groups are presented in Table 1.

There was no significant difference between the
two studied groups in terms of age, sex, disease duration,
presence of thyroid-associated ophthalmopathy(TAO)
and current hormonal levels. We found significantly high-
er baseline and current TRADb levels, as well as a higher
incidence of anti-TPO positivity among patientsin Group
1. There was no significant difference in TAT positivity
between the two groups. Patients in Group 2 took a
significantly lower daily dose of antithyroid drugs (1,4
tablets vs 2,6 tablets).

Comparison of ultrasound parameters

The following ultrasound parameters of the two
studied groups were compared - thyroid volume,
echogenicity, blood flow and presence of thyroid nod-
ules. The results are presented in Table 2.

The patients in Group 1 had significantly higher
thyroid volume, higher incidence of marked hypoecho-
genicity (Il and Il degree) and increased parenchymal
blood flow. There was no difference in the prevalence
of nodules between the two groups. We also found
significant positive correlation between the enlarged
thyroid volume and increased parenchymal blood flow
(p=0,01), as well as marginal correlation between the
volume and the hypoechogenicity (p=0,07).

Discussion

The presence of goitre is one of the main charac-
teristics of Graves’ disease, although in some patients
the thyroid gland size remains normal (3). A major role
for the enlargement of thyroid volume is played by
TRADb, which stimulate both the hormonal production
and the thyrocyte proliferation. Increased blood flow
and lymphocytic infiltration also contribute to the en-
largement of the thyroid (4). Ultrasound is an afford-
able and relatively accurate method used to determine
thyroid volume. A number of studies have analysed the
relationship between the volume and the likelihood of
achieving sustained remission (5, 6). Patients with in-
creased thyroid volume assessed early in the courseof
the disease, have a higher recurrence rate after discon-
tinuation of antithyroid therapy. On the other hand, the
recurrence rate is positively correlated with TRAb lev-
els (7,8). Our results show a significant correlation be-
tween the immunological activity and thyroid volume,
the latter being significantly higher in patients with per-
sistently elevated TRAb. This fact is indirectly associated
with greater likelihood of recurrence in the presence of
both factors (high volume and elevated TRAb) at the
same time.

Diffuse hypoechogenicity is one of the ultrasound
criteria for diagnosis of autoimmune thyroid disease.
While in Hashimoto’s thyroiditis hypoechogenicity is as-
sociated with diffuse lymphocytic infiltration, in Graves’
disease decreased echogenicity is due to decreased col-
loid content, increased relative or absolute cell number,

Table 1. Baseline clinical characteristics of the patients from the two groups.

Group 1 Group 2 P
Age (years) 49 (23-72) 52,5 (30-79) 0,434
Females:males (%) 79:21 78:22 0,950
Age at diagnosis (years) 45 (21-69) 48 (27-78) 0,555
Disease duration (months) 19,5 (4-38) 20 (5-58) 0,859
TAO (%) 62 56 0,625
TSH (mIU/l) 3,0¢1,1 2,25+1,3 0,256
FT, (pmol/l) 14,6+4,2 16,5£3,0 0,412
Baseline TRAb 11,2 (2,3-40) 5,89 (2,2-30) 0,012
Current TRAb 6,4 (2,1-40) 1(1,0-1,9) <0,001
Anti-TPO positivity (%) 77,4 51,6 0,034
TAT positivity (%) 48,4 32 0,205
Antithyroid drug dose (tablets/day) 2,6£1,5 1,4+0,7 <0,001
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Table 2. Comparison between the ultrasound parameters of the patients from the two groups.

Ultrasound parameter Group 1 Group 2 P
Thyroid volume (ml) 15,0 (5,9-63,5) 10,5 (4,7-30,0) 0,047
Echogenicity (%)
normo-/hypoechogenicity | degree | 41,2 65,6
hypoechogenicity II-lll degree 58,8 34,4 0,047
Blood flow (%)
normal 20,6 75
increased 79,4 25 <0,001
Presence of nodules (%)
yes 35,3 43,8
no 64,7 56,2 0,62

lymphocytic infiltration and increased vascularization
(9). Some authors have found a correlation between the
degree of hypoechogenicity and the levels of circulat-
ing TRAb (10, 11), which is consistent with the results of
the present study. Marked hypoechogenicity was more
prevalent in patients with positive TRAb, while normo-
and hypoechogenicity | degree - in those with negative
TRAb. The association between the immunological activ-
ity on one hand, and echogenicity and thyroid volume
on the other, determines the possible role of these ul-
trasound parameters as additional prognostic factors for
achieving immunological remission.

In general, thyroid blood flow is significantly in-

creased at the time of diagnosis of Graves’ disease (12).
Intraparenchymal blood flow decreases significantly
during the course of antithyroid drug therapy (12-14).
A similar trend is usually observed for TRAb (1).
The pathogenetic mechanism of the increased vascu-
larization in Graves’ disease is not fully understood. In-
creased blood flow is often also found in autoimmune
hypothyroidism, which excludes high levels of periph-
eral thyroid hormones as a direct cause. Hypervascu-
larity is likely to be a manifestation of the autoimmune
inflammation of the thyroid gland. Endothelial growth
factor and the chemokine CXCL 10 probably play a
role in the activation of thyroid neoangiogenesis, which
is primarily stimulated by the increased TSH in auto-
immune thyroiditis and TRAb in Graves’ disease (15).
The presumable pathogenetic link between TRAb and
intraparenchymal blood flow is further supported by
the present study, which shows a strong association
between the increased blood flow and the presence of
positive TRAb. Some authors consider blood flow to be
a good marker of therapeutic efficacy, although it does
not significantly change before restoration of normal
hormonal and immunological status (16). Assessment

of blood flow could serve as an indicator of the effect
of antithyroid drug therapy, which is of particular value
in cases where measurement of TRAb is not possible.
The methodology used to evaluate blood flow in this
study is semi-quantitative and reflects the subjective
judgment of the ultrasonographer. Without claiming-
high precision, the method is suitable for initial assess-
ment of the blood flow in diffuse thyroid diseases. A
more accurate quantitative method is measurement of
thyroid blood flow velocity. A positive correlation has
been found between thyroid artery blood flow velocity
and TRADb levels, and they appear to have a similar dy
namic during the course of the disease (17-19). Accord-
ing to Saleh et al. quantitative assessment of blood flow
has a good predictive value with regard to the likelihood
of recurrence of Graves’ disease (sensitivity 71%, spec-
ificity 100%) (20). Our findings are in accordance with
the results published by Vita et al., who found that in pa-
tients with Graves'’s disease increased intraparenchymal
blood flow correlates with increased thyroid volume, the
presence of marked hypoechogenicity and elevated lev-
els of TRAb (21). The combination of these three ultra-
sound parameters, each of which is associated with an
immunologically active disease, might further reduce the
likelihood of achieving sustainable remission.

To our knowledge, there are no data in the liter-
ature regarding the association between TRAb levels
and thyroid nodularity. We did not find any difference
in the prevalence of thyroid nodules in patients with
and without immunological activity.

Anti-TPO and TAT are also evaluated when assess-
ing the immunological status of patients with Graves'’
disease. Mekova et al. reported that newly diagnosed
patients with Graves’ disease and positive anti-TPOand/
or TAT have higher baseline FT, and TRAb levels and
higher thyroid volume (22). We found higher baseline
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levels of TRAb and higher prevalence of anti-TPO pos-
itivity among patients with persistent immunological
activity.

Our study has several limitations. First, the number
of patients studied is relatively small, which is typical for
most of the published studies in this field. Second, the
design is cross-sectional and the patients enrolled have
already achieved a therapeutic remission. We have no
systematic record of the studied ultrasound parameters
at the onset of the disease. Further follow-up of the co-
hort might provide information on the dynamic of the
ultrasound parameters during the course of the disease.
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volume, increased blood flow and marked hypoecho-
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Opuz2uHaAHa cmamus

Bumamun B12 cmamyc 6 6vAzapcka nonyrayua
nayueHmu CbC 3axapeH guabem mun 2

YakbpoBa, HeBena 4., AumoBa, Pymana b.", MunueBa, Pocuua C.%, I'po3eBa,
pema I.', TogopoBa, AHu C.", Cepgapo6Ba, Muna C.', Tanko6a, L6emaauna W.’

TKamegpa no EHgokpuHoaozus, KauHka no Auabemoaozun, Meguuurcku YruBepcumem, Codpun
2 KauHuuHa Aabopamopua, MBAA Camoko8

Agpec 3a KopecnoHgeHyuA:

A-p HeBeHna YakbpoBa

Kaunka no Auabemonozusn, YCBAAE ,Akag. M16.MNeHueB”,
1431 Cogpus, ya. 3gpabe Ne 2

veni_chakarova@abv.bg

Pe3siome

Llenma Ha npoyuBaHemo e ga ce u3zcaegBa HuUBomo Ha Bumamun B12 8 6ba2apcka nonyaayua nayueHmu
CbC 3axapeH guabem mun 2.

Mamepuar u memogu: Vi3caegBanu ca 308 nayueHmu (170 mbxe u 138 >eHu), Ha cpegHa Bb3pacm
60,3£10,4 2. u cpeger ITM 32,0£5,9 ke/m%. Bumamun B12 e uzcaegBan 6 cepym no enzumuocBbp3aH umyHo-
copbeHmeH memog.

Pezyamamu: Aecpuuum Ha Bumamun B12 ce ycmanoBaBa npu 34% om uzcregBaHama nonyaauus,
HUCKO-HOpMaAHU HuBa - npu 28%, u HopmaaHu HuBa - npu 38%. C gedpuuum Ha Bumamun B12 ca 37,7% om
nayueHmume, npuemawu memopmuH u 18% om Henpuemawume memgopmuH. CpegHomo HuBo Ha BumamuH
B12 6 2pynama c npuem Ha memdpopmuH e 178 pmol/l, a 8 2pynama 6e3 npuem - 235 pmol/I (p=0,006). HuBomo
Ha BumamuH B12 kopeaupa cbc cpegHama go3a Ha memdopmuH (r=-0,18, p=0,005) u He KopeAupa C NPOYbA-
>KumeAaHocmma Ha npuem. Bcako nokauBare Ha go3ama Ha memdpopmuH ¢ 250 me, yBeauuaBa pucka 3a B12
gegpuuum ¢ 15% (p=0,005).

U360gu: Okoro egHa mpema om navueHmume CbC 3axapeH guabem mun 2 ca ¢ gepuyum Ha BumamuH
B12, a gpyea egHa mpema e ¢ HUCKO-HOpMaAHU HUBa, koemo He u3zkatouBa gecpuyum. Aepuyumbm Ha Buma-
muH B12 e gBa nomu no-uecm npu nayuenHmume, npuemawu memgopmuH. OcHoBHuam akmop, cBbp3aH ¢
gedpuuum Ha BumamuH B12, e gozama Ha Mem@OpMUH.

KaroyoBu gymu: Bumamun B12, memcopmuH, 3axapeH guaGem mun 2

BbBegeHue
2aCmpo-uHmeCmuHaAHU  CmpaHuU4vHU eq)eKmu UAUU-

Tepanuama ¢ memdgopmuH e cpeg ymBoupgeHu-
me puckoBu pakmopu 3a gecpuuum Ha Bumamun B12
(1). MexaHuzmbm, no koumo ce pa3zBuBa geduuu-
mbm, e cBbp3aH ¢ HapywaBaHe Ha pe3opbuusma Ha
BumamuHa 8 mbHkume uepBa (2). MemdopmuH u no-
Hacmoawem e nbpBoemanHo u 6aszucHo cpegcmBo 6
AedYeHuemo Ha 3axapeH guabem mun 2 u npucbcmBa
6 mepanuama Ha npeobragaBawama yacm om na-
uueHmume Ha Bcuuku emanu om eBoaAlouuama Ha
3aboaaBatemo (3). M3kaoueHue npaBam nayueHmu-
me, KOUmOo He MoAepupam megukameHma nopagu

Mam KOHMpauHguKkauuu, Kamo me3u nauueHmu Cbc-
maBaaBam marbk ceameHm Om nonyaauuama Cbe
3axapeH guabem mun 2. [lo mo3u npuyuHa hauueHmu-
me CbC 3axapeH guabem mun 2 ca ocHoBHa puckoBa
2pyna 3a gecpuuum Ha Bumamur B12 u 8 nocaegHume
20gUHU ce npenopbyBa moHumopupaHe Ha HuBama Ha
B12 npu Bcuuku nauueHmu cbe 3axapeH guabem mun
2, npoBexkgawu AeyeHue ¢ memopmuH (3).

Llenma Ha Hacmoawomo npoyuyBaHe e ga ce u3-
caegBa HuBomo Ha Bumamun B12 8 6ba2apcka nony-
AQUUA nauUeHmMU CbC 3axapeH guabem mun 2.

Endocrinologia vol. XXIV Ne¢3/2019




YakbpoBa, HeBeHa 5. u cbmpygHuyu

Mamepuaau u memogu

B Hacmoawomo Kpoc-cekuuoHHo uzcaegBare yuacmBam 308
nauyueHmMa cbc 3axapeH guabem mun 2, npemuHaau npe3 KAauHuka
no Auabemonoeua Ha YCBAAE ,Akag. MB. MenueB”. OcHoBHume
Xapakmepucmuku Ha u3caegBaHama nonyaauvua ca npegcmaBeru
8 Tabauya 1. N3cregBanemo e ogobpeHo om EmuyHama komucus
Ha MeguuuHcku YHuBepcumem, Cogpus.

Ha Bcuuku nayueHmu ca cHemu nogpobHa aHamHe3a U Nb-
A€H pu3ukaseH cmamyc. Bumamur B 12 e uzcaegBan 8 cepym
no eHzumHocBbp3aH umyHocopberHmeH memog (Roche). 3a ge-
puuum ca npuemu HuBa nog 150 pmol/l, a 3a HUCKO-HOpMaAHU
HuBa - guanazoH 150-221 pmol/I.

B u3zcaegBanemo He ca BkatoueHu nauueHmu c uzBecmua
nepHuyuo3Ha aHemusn, Bb3naaumeaHo ypeBHo 3aboaabBaHe, pe-
3eKUUU Ha cmomaxa uau mbHkomo yepBo, nayuemu, npoBexkga-
wu AeveHue ¢ B12 uau npuemawu myamuBumamuHHU npenapa-
mu, Kakmo u makuBa ¢ BeeemapuaHcku mun Ha XpaHeHe.

Tabauya 1.

OcHoBHu xapakmepucmuku Ha u3zcaegBaHama nonyaauus.
Mubxe/eHu 170/138
Bb3pacm (2oguHu) 60,32 + 10,46
UTM (ke2/m?) 32,04 £ 5,99
AabHocm Ha 3aboaaBanemo (coguHu) | 12,87 + 8,34

Cmamucmuyeckuam aHaAu3 Ha gaHHume e u3BbpuweH cbe
cmamucmuyecku nakem SPSS 18. lNpuaoxkeHu ca geckpunmu-
BeH aHaAu3, KOpeAaUUOHEH aHaAU3 U AORUCMUYEH pe2pecuoHeH
aHaau3. AHaauzbm e HanpaBeH caeg A02apumMMUYHO MpaHcgop-
MupaHe nopagu paznpegeaeHue Ha u3zcaegBaHama npomeHauBa,
Pa3AUYHO OM HOPMAAHOMO, U pe3yamamume ca npegcmaBeHu
Kamo meguaHu. HopmaaHocmma Ha paznpegeAaeHUemo e aHaAu-
3upaHa CbC cCmMaHgapmHu xucmozpamu u KpuBa Ha HOpMaAHo pas-
npegeaeHue Ha npomeHAuBume. 3a HUBo Ha 3Havumocm e npue-
mo p< 0,05 (two-tailed).

Pesynmamu

AHaau3 Ha Bumamun B12 cmamyc 6 uzcaegBanama nonyaayua
Aedpuuyum Ha Bumamur B12 (HuBo <150 pmol/l) ce ycmanoBaBa
npu 34% om u3caegBaHama nonyaauun, HUCKO-HOPMaAHU HuBa
(150-221 pmol/l) = npu 28% u HopmaaHu HuBa (>221 pmol/l) - npu
38% (Due. 1).

AHaauz Ha Bumamun B12 nuBo u cmamyc 6 epynume c u 6e3
npuem Ha MemgoOpMUH

B uzcaegBanama nonyaauua nauueHmu 16,2% (n=50) He npu-
emam memdopmuH. YcmaHoBaBa ce 3Hauuma pazauka 6 HuBomo
Ha Bumamun B12 mexxgy gBeme 2pynu cbomBemHo ¢ u 6e3 npu-
em Ha memcopmuH (p=0,006) (Due. 2).

Aecpuuum Ha BumamuH B12 ce ycma-
HoBaBa npu 18% om nauueHmume 6 2py-
nama 6e3 npuem Ha MemM@OPMUH U hpu
37,7 % B 2pynama c npuem Ha memdop-
muH (Que. 3).

AHaau3z Ha B12 HuBo u cmamyc cnopeg
npuemanama go3a memeopmuH

B uzcaegBaHama nonyaauusa nauvuen-
Mu CbC 3axapeH guabem mun 2 7,4% npu-
emam gHeBHa go3a go 1000 mg memdop-
MUH, 33,7% - go3a mexkgy 1000 u 2000
mg u 58,9% - go3a Hag 2000 mg (Due. 4),
Kamo HAMa 3Havuma pazauka 6 HuBomo Ha
B12 mexkgy mpume 2pynu, npuemawu paz-
AUYHa go3a (p=0,312).

Aecpuuum Ha BumamuH B12 ce yc-
manoBaBa npu 26,3%, 34,5% u 40,8% 6
2pynume € npuem Ha MemOpPMUH CbOMm-
BemHo nog 1000 mg, 1000-2000 mg u Hag
2000 mg (Due. 5). B 2pynama c gecpuyum
Ha Bumamun B12 5% om nayueHmume
npuemam go3a nog 1000 mg, 31% - go3a
mexkgy 1000 u 2000 mg u 64% - go3a
Hag 2000 mg. B 2pynama c HuBo Ha Bu-
mamuH B12 >150 pmol/l coomBemnume
npoueHmu ca 9%, 35% u 56%, kamo Hama
3HauyuMa pazauka mexgy gBeme 2pynu 6
NPOUEHMHOMO pa3znpegeAeHue No go3a
(Due. 6).

AHaau3z Ha B12 HuBo u cmamyc cnopeg
npogwsAkKumeAHocmma Ha mepanuama c
memgopmuH

B u3caegBanama nonyaauua nauue-
mu, 11,5% ca npuemaau memdopmuH go
1 2oguHa, 20,1% - mexxgy 1 u 5 20guHu U
68,4% - Hag 5 2oguHu. Aedpuuum Ha Bu-
mamuH B12 ce ycmanoBaBa npu 33,3%,
23,1% u 42,9% B 2pynume C NpoOgbAXKU-
MEeAHOCM Ha Npuem Ha MeMMOPMUH Cb-
omBemHo nog 1 2oguHa, mexxgy 1 u 5 20-
guHu Hag 5 2oguHu (Que. 7).

3Hauuma pazauka 8 HuBomo Ha Buma-
MuH B12 ce ycmanoBaBa mexxgy 2pynume
C npuem Ha mem@opmMuH mexxgy 1 u 5 2o-
gUHU U Hag 5 2oguHu (p=0,042) (Due. 8).

AHaAau3 Ha Bpwv3kama mexgy HuBomo Ha
Bumomun B12 u go3ama u npogosaxxumen-
HOCmma Ha mepanuama ¢ MemopmuH
[Mpu napuuareH KopeAauuoHEH aHa-
AU3 € KOHMpoAupaHe no Bb3pacm, HuBo-
mo Ha Bumamur B12 nokazBa 3Hauuma He-
2amuBHa KopeAauun CbC cpegHama go3a

148

EngokpuHonozus Tom XXIV N23/2019



Queypa 1. Kamezopuu Ha Bumamun B12 cmamyc 6
u3caegBaHama nonyaauus.

~ geduuum

' Hucko-HopmanHu HuBa

HOpMaAHU HuBa

Queypa 2. 250+
HuBo Ha B12 6 2pynume
C npuem Ha MemqOpPMUH
(MemgopmuH +) u Ge3
npuem Ha Mem@OpPMUH 200+
(MemOpMmuH - )
1501
100+
501
0+ T
Mem@OopMUH + Mem®bOopMUH —
.

0l11).0 -1 Kamezopuu Ha B12 cmamyc 6 2pynume ¢ npuem (A) u 6e3 npuem (B) Ha memcpopmuH.

E» ®

\ 32% /

I geduyum HOpMaAHU HuBa

_e

I geduuum

| HOpMaAHU HuBa
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Kamezopuu cnopeg npuemaHama go3a Ha memdopmuH (r=-0,18, p=0,005) u Aun-
MEMAOPMUH. ca Ha KopeAauua ¢ NPOgbAXKUMEAHOCMMA
Ha npuem Ha MemgOPMUH.

AaHHUME om Ao2uCmuyHUA pezpe-
CuoHeH aHaau3 noka3zBam, ye Bcako no-
kauBaHe Ha go3ama Ha Mem@OpMUH C
250 me, yBeauuaBa pucka 3a B12 gedou-
uum ¢ 15% (p=0,005).

Obcb)kgaHe

Hacmoawomo u3zcaegBaHe gaBa uH-
popmauua omHocHo Bumamun B12 cma-
myca B8 6bAzapcka nonyaauua nauueHmu
CbC 3axapeH guabem mun 2.

lNoAayyeHume pejyamamu noka3Bam
HaAudue Ha gedpuuum Ha Bumamux B12
Nnpu oKoAo egHa mpema (34%) om u3-
caregBaHume nauueHmu. MNybaukyBatume
8 Aumepamypama pe3yamamu 3a gedu-
uum Ha B12 68 mazu nonyaauua Bapupam
wupoko - mexgy 5,8% u 33%, koemo
omuacmu e cBbp3aHo ¢ uznoa3zBaHemo
Ha pa3AudyHU cmolHOCMU, gedhuHupawu
gecpuyum (2). Pe3yamamsm om Hacmo-
. <1000 mg 1000-2000 mg >2000 mg awomo npoyuBaHe nonaga 6 2opHama

2paHuua Ha cbobwaBarume pesyamamu
u ouepmaBa npobaema B12 geduuum 6
ObA2apcka nonyaauua nauueHmu cbC 3a-
xapeH guabem mun 2 Kamo 3Hayum - Ha
npakmuka Bceku mpemu nayueHm nona-
ga 6 masu kamezopua. B gocmbnHama

B12 cmamyc 6 epynume ¢ npuem Ha pazaudHa
go3a memaOpPMUH.

100% - AUmMepamypa Kbm MomeHma AuncBam
gaHHU 3a gedpuuuma Ha B12 kakmo 3a

O6bA2apcka nonyaauua nayueHmu cbe 3a-

XxapeH guabem mun 2, maka u 3a obwama

80%- 6bA2apcka nonyaauua. ToBa go uzBecmma

cmeneH ozpaHuyaBa usrocmHua aHaausz
Ha NoOAYyYeHUme gaHHu, mblU Kamo He no3-
60%- BoanBa cbnocmabaHe ¢ gaHHU Ha gpyau
kKoaekmuBu omHocHO yecmomama Ha ge-
huyuma nNpu nauyueHmMume CbC 3axapeH
59,2 guabem mun 2 6 Bbwbacapua u Had-Beue
40% 73,7 He no3BoaaBa oueHka u cbnocmabaHe
cnpamo mo3u 8 obwama Gba2apcka no-
nyaauua. Moxke ga ce npegnoaaza, ye ge-
20%. puuumbm Ha BumamuH B12 3a obwama
nonyaauus 68 bbazapua e cbnocmabum c
mo3u, gokaagBaH 3a HAKOU gpyau nony-
Aauuu - CALLL, DuHAaHgusa, nopagu Aunca
0% | | Ha cbwecmBeHu pa3zaudua 6 ocHoBHUMe
1000mg 1000-2000mg  2000-3000mg puckoBu cpakmopu, onpegerauwu gegu-
uum - BezemapuaHcku mun Ha XpaHeHe,
yecmoma Ha cmomawHo-4peBHuU 3a6oaa-

gedpuyum HOpMa BaHua u npuem Ha aHmuauugHu cpegcmBa.
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PaznpegeaeHue no npuemaHa go3a memaopmuH 6 AanHume om npoyuBanemo NHANES

2pynume c u 6e3 gepuyum Ha Bumamux B12. 68 CALL nocouBam uecmoma Ha B12
gedpuuum okoao 6% 3a obwama nony-
100% - Aauus u okoro 20% 3a Auuama Hag 60
2oguHu (1). B EBpona uma nybaukyBa-
90% HU gaHHu 3a (DuHAaHgua, Kbgemo ge-
puuumsbm Ha B12 8 nonyaauuama Ha
80%7 64 56 Bb3pacm Hag 65 2oguHu e 12,1% (2). B
20% - cmpaHu kamo VlHgusa, kbgemo npeob-
° AagaBa BeeemapuaHckusm mun Ha xpa-
60% - HeHe, gedpuuumbmM npu Bb3pacmHama
nonyaauua gocmueza go 70% (1,2). Ha
50% - H6azama Ha me3u gaHHU MO>XKe ga ce Npu-
eme, e NoAYYeHUAm om Hac pe3zyamam
40% + e B8 coomBemcmBue ¢ nybaukyBaHume
30% 4 gaHHU, koumo noka3Bam no-Bucok gaa
° Ha B12 gedpuyum npu nayueHmMume CbC
20%- 3axapeH guabem cnpamo mo3u 8 obwa-
(]

ma nonyaauus (4).
10%- OcBeH gaHHume 3a gecpuyuma Ha
B12, ¢ BaxkHO 3HaveHue 3a KAUHUYHamMa
0% = npakmuka e U noAyyeHuam pe3yamam
B12 <150 pmol/I B12 > 150 pmol/I OMHOCHO HUCKO-HOpMaAHume HuBa Ha
nokazameas, Koumo He u3kaouBam

gedpuuum. B mazu cuBa 30Ha nonaga
. <1000 mg gpyea 0koAO egHa mpema (28%) om u3-
caegBaHama nonyaauus, npu Koamo ce
HaAaea gonbAHUMEAHO ymouHaBaHe Ha
Bumamun B12 cmamyca ¢ u3caegBare
B12 cmamyc cnopeg npogbakumeaHocmma Ha Ha cBbp3zaHu memaboaumu. Aecpuyum
mepanua ¢ MemgOpPMUH. Ha Bumamux B12 ce npuema u npu Hop-

>2000mg [ 1000 - 2000 mg

MaAHU cepymHu HuBa Ha nokazamenas,
HO nNpu Haauuue Ha noBuweHu HuBa Ha
cBbp3zaHu memaboAaumu kamo Hanpu-

100%+ mep memuamasoHoBama kuceauHa, m.e
pearHuam gecpuyum Ha Bumamun B12

e no-Bucok om aBHuAa, ougHeH camo Cbe

80%- cepymHomo my HuBo (1,5). CaegBa ga ce

ombeaexxu, ye B Aumepamypama Hama
obwonpuema epaHuua 3a HUCKO-HOpP-
MaAHO HuBo Ha Bumamun B12 (4). INo-
60% couBam ce pazauuHu npazoBe - 221,

248 u 295 pmol/l (1,4). B Hacmoawomo
76.9 57,1 uzcaegBare e uznoa3BaH Hal-Huckuam
40% 66,7 r npaz - 221pmol/l, koemo 6u moz2r0 go-
NbAHUMEAHO ga nogueHaBa cezameHma
nayueHmu C nomeHuuaAeH gedpuuum,
HY>Kgaewu ce 0m goNbAHUMEAHO Yymou-
20%- HaBaHe. Mo omHoweHue Ha npaca 3a
aBeH gecpuuum Ha Bumamur B12 cvwo
uma uzBecmuu pazmunHaBanua - 111,
0% 148 u 150 pmol/l, kamo HaG-06wonpu-
em e npazbm 150 pmol/l, koimo e u
uznoa3zBaHuam 6 Hacmoawomo u3caeg-

| |
<1 20guHa 1-5 2o0guHu >5 20guHu

Bane (1,4,5).

ﬂ geduyum Hopma
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HuBa Ha Bumamun B12 8 epynume ¢ pa3zauuHa
NPOJHAXKUMEAHOCM HA NPUEM HA MEMPOPMUH.

*p=0,042
2501 cnpamo 1-5
200
150+
202
170

100 -

50
0%

BumamuH B12
[[]<1 20guna [ 1-5 20gunu [ ]>5 20guHu

CymapHo npu maka uznoazBaHume npazoBe, Hag noroBuHa-
ma om nauueHmume cbC 3axapeH guabem mun 2 68 u3caegBane-
mo (62%), umam uAU buxa MO2AU ga umam gedpuuyum Ha BumamuH
B12, uau moxe ga ce npueme, e umam NO-HUCKU OM Kamez20puy-
HO HOpmaAHUMe cmolHocmu Ha Bumamun B12.

Bumamun B12 cmamyca npu nayueHmume CbC 3axapeH gua-
6em mun 2 e cBbp3aH ¢ mepanuama ¢ memopmuH [6-8]. Mem-
dopmuH e ocHoBeH megukameHm B AeyeHuemo Ha 3axapeH gua-
6em mun 2 u ocmaBa cpegcmBo om nbpBa AuHua 6 arzopumbma
3a mepaneBmuuHo noBegeHue u B Hacmoawume NpenopbKU 3a
AeveHue Ha 3axapeH guabem mun 2 [3]. B cbomBemcmBue ¢ me-
paneBmuyHua ar2opumbm, 6oawuHcmMBomo om nauueHmume 6
Hacmoawomo u3zcaegBaHe npuemam memopmuH - 83.8%. Oc-
maHaaume 16.2% He npuemam Mem@OPMUH hopagu CmpaHUYyHU
npoaBu om cmpaHa Ha 2acmpouHMeCMUHAAHUA Mpakm, HaAuvue
Ha KOHMpauHguKauuu uAu ca ¢ HoBoomkpum, HeaekyBaH go mo-
MeHmMa, 3axapeH guabem.

Pesyamamume om Hacmoawomo u3caegBaHe nokazBam 3Ha-
yuma pazauka 68 cpegiomo HuBo Ha Bumamun B12 8 2pynume c u
6e3 AeueHue ¢ memopmuH B noA3a Ha epynama, KOAMO He NPo-
Be>xga makaBa mepanus, kakmo u gBa nbmu no-Bucoka yuecmoma
Ha aBHua gedpuyum - 18% cnpamo 37.7%, npu aeveHue C mem-
cpopmuH. Tezu pezyamamu ca 6 nbaHo cb3Byuue u B nogkpena Ha
obwonpuemama poaa Ha Mem@OPMUH Kamo puckoB akmop 3a
B12 gecpuuum, kKakmo u 3a Heo6xogumMocmma oM MOHUMOpPUpPHe
Ha cepymHomMo my HUBo B pymuHHama KAUHUYHamMa npakmuka

Nnpu nayueHMume CbC 3axapeH guabem
mun 2, npoBexkgawu makaBa mepanun
[7-11].

Aokamo kKay3zaaHama poAa Ha mem-
PopMuUH 3a gecpuyuma Ha BumamuH B12
e b6e3cnopHa, 3HaYeHUeMo Ha go3ama u
NPoOgbAKUMEAHOCMMaA Ha mepanuama,
onpegeAawu puck u Heobxogumocm om
CKpUHUH2, Bce owe e obekm Ha gucKy-
cua. B aumepamypama uma mHoxkecmBo
gaHHU nogkpenawu Bpb3kama u Ha go-
3ama, U Ha NPogbAXKUMEAHOCMMA Ha
mepanuama ¢ Mem@OpMUH C gedpuuu-
ma Ha B12, kakmo u makuBa, 8 koumo
ce nocouBa 3HaueHueMo camo Ha go3a-
ma [7-13].

B Hacmoawomo u3caegBare e Ha-
npaBeH aHaau3 Ha BAauaHuemo u Ha go-
3ama, U Ha NPogbAXKUMEAHOCMMA Ha
mepanuama ¢ MemdOpMUH, Kamo ca
uznoa3BaHu mpu go3oBu 2pynu - nog
1000 mg, mexxgy 1000 u 2000 mg u
Hag 2000 mg u mpu 2pynu cnopeg npo-
gbAKUMEeAHOCMmMmMa Ha mepanus - go 1
20guHa, mexgy 1 u 5 2o0guHU U Hag 5
2oguHu. CaegBa ga ce ombeaexxu, ve no-
Beye om noroBuHama om nauueHmume
nonagam 6 2pynume c Halt-Bucoka go3a
U Hal-2oAAMa NPOgBAKUMEAHOCM  Ha
mepanusma - ceomBemHo 58.7% npu-
emam me>xkgy 2000 u 3000 mg memdapop-
MUH U 68.4% ce aekyBam c He20 Hag 5
20gUHU.

MoAyyeHUMe om Hac pe3yamamu
ca 8 nogkpena Ha poAama Ha go3ama Ha
memopmuH u Bpb3ikama G ¢ HuBomo u
geduuuma Ha B12 u He nogkpenam 3Ha-
YeHUEMO Ha NPOgbAXKUMEAHOCMMA Ha
mepanusama.

He3zaBucumo, ue npu aHaauza Ha
HuBomo Ha B12 6 epynume c npuem Ha
pa3zAuyHa go3a mMemdOpMUH, He ce yc-
manoBaBa Haaudue Ha 3Hayuma paszau-
Ka, noAydeHume pezyamamu nokazBam
acHO HapacmBaHe Ha npoueHma nauu-
eHmu ¢ aBeH gecpuyum Ha Bumamun
B12 c yBeauuaBare Ha gozama Ha mem-
opmuH - 22% B 2pynama ¢ go3a nog
1000 mg, 32.7% B epynama c go3a mex-
gy 1000 u 2000 mg u 43.5% 6 2pynama,
npuemawu Hag 2000 mg mem@OpmuH.
Cowo maka 6 2pynama c aBeH gedu-
uum Ha Bumamux B12 npoueHmbm Ha
nayueHmume, npuemawu Had-Bucoka-
ma go3a memopmuH - Hag 2000 mg,
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e no-Bucok om mo3u B8 epynama 6e3 aBeH gecpuyum
- 64% cnpamo 56%, He3zaBucumo, yue omHoBo He ce
gocmuza cmamucmuyecku 3Haduma pasauka. Kame-
2opuuHo B nogkpena Ha poAama Ha go3ama Ha mem-
dopmuH 3a HuBomo u gedpuyuma Ha BumamuH B12
ca gaHHume, NOAYYEHU OM NApUUAAHUA KOpeAauuo-
HeH aHaAu3, koumo noka3Bam 3Hauyuma 3aBucumocm
eguHcmBero mexgy HuBomo Ha B12 u gozama Ha
memaopmuH, kamo 3aBucumocmma e obpamHonpo-
nopuuoHaaHa - HapacmBaHemo Ha go3ama Bogu go
HamareHue B8 HuBomo. AaHHume ce gonvABam om
pe2pecuoHHua aHaAu3, kolmo noka3Ba, ue Bcexku 250
me yBeauueHue B8 gozama Ha mempopmuH, noBuwaba
pucka om B12 gechuuyum c 15%. AHaAau3bM e Hanpa-
BeH ¢ koHmpoaupaHe no Bv3pacm, mbvl kamo 6b3-
pacmma e ymBbpgeH puckoB akmop 3a gecpuuum
Ha B12. Mo mo3u HauuH ce eaumuHupa BauaHuemo Ha
pakmopa Bbpxy peyamama u ce oueHaBa yucmuam
epekm Ha npomeHAauBume, Koumo ca o6ekm Ha UH-
mepec - go3a U NPOgbAXKUMEAHOCM Ha mepanuama.

AHaAuzbm Ha gpyzama npomeHauBa, cBbp3aHa
C mepanuama C MEMEOPMUH - NPOGHLAXKUMEAHOC-
mma Ha AedeHue, Kamo UAAO He noka3zBa 3Hauvuma
Bpb3ka ¢ HUBomo u gedpuyuma Ha BumamuH B12.
NMogobHU pe3yamamu ca gokaagBaHu u om gpy-
2u korekmuBu [14]. MNpoueHmMbmM Ha gecpuuum Ha
B12 6 2pynume ¢ Hal-kpambK U HaU-NPOgbAXKUME-
AEH NpuUemM Ha MEMMOPMUH € Ha Npakmuka CXogeH
- cbomBemHo 42.9% u 41.2%. 3Hauuma pa3zauka 6
HuBomo Ha B12 ce ycmanoBaBa mexgy epynume
C NPOgbAXKUMEAHOCM Ha mepanuama mexxgy 1 u 5
20gUHU U Hag 5 20guHu, kKamo HUBoMO e No-HUCKO
8 nocaegHama. HezaBucumo om mo3u pe3zyamam,
gaHHUMe om KopeAauuoHHUA aHaAu3 He noka3Bam
Bpb3ka mexkgy HuBomo Ha B12 u npogbAkumeAHOC-
mma Ha NpuUem Ha MEM@OPMUH.

lMpegumcmBa na uzcregBaremo

Hacmoawomo u3caegBare gaBa nopBume Kbm
momeHma gaHHu 3a Bumamun B12 cmamyc 8 6oa-
2apcka nonyaauua nNayueHMu CbC 3axapeH guabem
mun 2. Pe3yamamume ca ¢ npakmuyecko 3HayeHue
U KAUHUYHA NpuAO>KUMOCM, MbU Kamo nocodBam
acHO Heobxogumocmma om CKpuHuH2 Ha BumamuH
B12 cmamuyca npu nayueHmume, koumo npoBexkgam
AeuveHue ¢ memdopmuH, a moBa pearHo obxBawa
noumu uarama honyaauua nauueHMu CbC 3axapeH
guabem mun 2.

Hegocmamwyu Ha uzcaregBanemo

OcHoBen Hegocmambk Ha uzcaegBaHemo e Aun-
cama Ha gonbAHUMEAHO onpegeaaHe Ha B12 cBbp3an
memaboAum, ¢ KoUmo ga ce npeuu3upa cmamyca Ha
nauueHmume, koumo nonagam 6 cuBama 3oHa Ha
Hucko-HopmaaHu HuBa Ha B12 u 6uxa moeau ga umam

gedouuum.

Apyz Hegocmambk e Auncama Ha UHgpopmauua u
aHaAu3 Ha cybepynama nayueHmu, npuemawiu aHmu-
auugu, koumo ca pucko8 ¢pakmop 3a B12 gecpuuum.
B uscaegBaHama nonyaauua Cbc cu2ypHOCM uma
uzBecmen npoueHm makuBa nauueHmu - moBa ca
ocHoBHO nauueHmume CbC 3axapeH guabem c npe-
KapaH CbpgeuHo-CbgoB uHUUgeHm, KOumo npuemam
aHmuazpezaHmHa mepanus, Harazawa U NPUem Ha aH-
muauugHo cpegcmBo.

Kamo Hegocmambk Ha uzcaegBaHemo moxke ga
ce pazaaexga u bpoam Ha uzcaegBaHume nauueHmu.
Mpu u3zcaegBare Ha no-20AaMa nonyaauus, ouyepma-
HUme meHgeHyuu BepoamHo Guxa gocmuzHaAu cma-
mucmuyecka 3Havumocm.

M3Bogu

® OkoAaO egHa mpema om nauyueHmume CbC
3axapeH guabem mun 2 ca ¢ gecpuyum Ha BumamuH
B12, a gpyea egna mpema nonaga 6 cuBama 30Ha Ha
HUCKO-HOpMaAHU HuBa, koamo He u3katouBa gedu-
uuMm U Haaaea gonbaHUMeEAHO ymouraBare Ha Buma-
muH B12 cmamuyca ¢ uzcaegBane Ha cBbp3aHu mema-
6oAaumu.

® Aepuuumsbm Ha Bumamun B12 e gBa nbmu
no-yecm Npu nayueHmMume, npuemauwu MemaOpPMUH.

® OcHoBHuam dpakmop, cBbp3aH ¢ Haauduemo
Ha B12 gedpuuum, e gozama Ha memdOpMUH, Kamo
3a Bceku 250 me yBeauveHue Ha go3zama, puckbm om
gegpuuyum HapacmBa c 15%.

DuHuHcupaue

U3cregBanemo e uzyaro gpuHaHcupHoO om
Meguyuncku YauBepcumem Codpua -
Aozo6op Ne A-238 om koHkypc ,,Cmumyau-
paHe Ha HayyHume u3zcaegBaHua 6 obracmu c
Bucoku nocmuxxenua” - 2017.

Endocrinologia vol. XXIIV Ne3/2019




Original article

Vitamin B12 Status in a Bulgarian Population
with Type 2 Diabetes

Chakarova, Nevena Y.', Dimova, Rumyana B.", Mincheva, Rositsa S.?,

Groseva, Greta G.', Tododrova, Ani S.", Serdarova, Mina S.", Tankova, Tsvetalina I.!
Department of Endocrinology, Division of Diabetology, Medical University, Sofia
2Laboratory Department, MHAT,

Address for correspondence:

Nevena Chakarova, MD, PhD

Clinic of Diabetology, University Hospital of Endocrinology ,Acad. Ivan Penchev”.
1431 Sofia, 2 Zdrave Str.

veni_chakarova@abv.bg

The aim of the study was to assess vitamin B12 levels in a Bulgarian population of patients with type 2 diabetes.

Material and methods: 308 type 2 diabetes patients (170 males, 138 females), of mean age 60,3+10,4 years
and mean BMI 32,0+5,9 kg/m?, were enrolled. Serum levels of vitamin B12 were measured by enzyme-linked im-
munosorbent assay.

Results: B12 deficiency is present in 34% of the studied population, 28% have low-normal levels and 38%
- normal levels. B12 deficiency is present in 37,7% of the patients taking metformin and in 18% of those not on
metformin. The mean level of B12 is 178 pmol/l in the group receiving metformin, and 235 pmol/l in the group
not taking metformin (p=0,006). The B12 level correlates with the mean dose of metformin (r=-0,18, p=0,005) and
does not correlate with the duration of the therapy. Each 250 mg increase in metformin dose increases the risk of
B12 deficiency by 15%. (p=0,005).

Conclusions: About one third of patients with type 2 diabetes have B12 deficiency and another third have
low-normal levels that do not exclude deficiency. B12 deficiency is twice as common in patients receiving met-
formin. The main determinant of B12 deficiency appears to be the metformin dose.

Key words: vitamin B12, metformin, type 2 diabetes

Introduction

Metformin therapy is among the established risk
factors for vitamin B12 deficiency (1) with the underly-
ing mechanism being impaired absorption in the small
intestine. (2) Currently metformin remains the  stan-
dard and primary agent in the treatment of type 2 dia-
betes and most patients take metformin at each stage
of the disease. (3) Patients who do not take metformin

due to gastrointestinal side effects or contraindications
comprise a small segment of the diabetic population.
Thus type 2 diabetes patients are a major risk group
for B12 deficiency and monitoring of B12 levels has
been recommended in recent years for all patients on
metformin therapy. (3)

The aim of the present study was to assess vitamin
B12 levels in a Bulgarian population of patients with
type 2 diabetes.
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Material and methods

The present study is a cross-sectional one and consists of 308
enrolled patients with type 2 diabetes at the Department of Dia-
betology of the University Hospital of Endocrinology ,Acad. Ivan
Penchev”. The main characteristics of the study population are pre-
sented in Table 1.

The study was approved by the Ethics Committee of the Med-
ical University, Sofia. For each patient a detailed medical history
and physical examination was undertaken.

Serum levels of vitamin B12 were measured by enzyme-linked
immunosorbent assay (Roche). Deficiency was defined as a serum
level of B12 below150 pmol/l while levels in the range of 150-221
pmol/l were considered low-normal.

The following groups of patients were excluded from the study
- patients with pernicious anemia, patients with inflammatory bow-
el disease, patients with surgical resections of the stomach and the
small intestine, patients taking B12 or multivitamins as well as veg-
etarians.

Statistical analysis of the data was performed with SPSS 18
using descriptive analysis, correlations and logistic regression. Anal-
yses were performed after logarithmic transformation because of
the abnormal distribution of the variable and the results were pre-
sented as medians. Distribution was analyzed with standard histo-
grams and a normal distribution curve of the variables. P value of
less than 0,05 two-tailed was considered significant.

Table 1.
Main characteristics of the studied population
Males/females 170/138
Age (years) 60,32 + 10,46
BMI (kg/m?) 32,04 £ 5,99
Diabetes duration (years) 12,87 + 8,34

Results

Analysis of B12 status in the studied population

B12 deficiency (<150 pmol/l) is present in 34% of the study
population, 28% are with low-normal levels (150-221 pmol/l) and
38% - with normal levels (>221 pmol/l) (Fig. 1).

Analysis of B12 level and status according to metformin therapy

16,2% (n=50) of the study population are not taking metformin.
A significant difference in B12 level is found between the groups
with and without metformin therapy (p=0,006) (Fig. 2).

B12 deficiency is found in 18% of the patients in the group not
taking metformin and in 37% of the patients on metformin (Fig. 3).

Analysis of B12 level and status according
to metformin dose

7,4% of the studied patients have
been taking metformin in up to 1000 mg
daily dose, 33,7% - between 1000 and
2000 mg and 58,9% - over 2000 mg (Fig.
4). There is no significant difference in
B12 level between the three dose groups.
(p=0,312).

Vitamin B12 deficiency is found in
26,3%, 34,5% and 40,8% of the patients
in the dose groups <1000 mg, 1000-2000
mg and >2000 mg of metformin, respec-
tively (Fig. 5).

In the group with B12 deficiency 5%
of the patients have been taking a dose
of up to 1000 mg metformin, 31% a dose
between 1000-2000 mg and 64% - a
dose over 2000 mg. In the group with B12
level >150 pmol/l the corresponding per-
centages are 9%, 35% and 36% respec-
tively. There is no significant difference in
the percentage distribution according to
metformin dose between the two groups

(Fig. 6).

Analysis of B12 level and status according
to the duration of metformin therapy
11,5% of the patients in the studied
population have been taking metformin
for up to 1 year, 20,1% - between 1 and
5 years and 68,4% - over 5 years. B12
deficiency is found in 33,3%, 23,15% and
42,9% of the patients in the groups with
duration of metformin therapy up to 1
year, between 1-5 years and over 5 years,
respectively (Fig. 7).
A significant difference in B12 level is
found between the groups with met-
formin therapy for 1-5 years and over 5
years (Fig. 8).

Analysis of the relationship between B12
level and dose and duration of metformin
therapy

In partial correlation analysis con-
trolling for age, B12 level demonstrates
a significant negative correlation with
the mean dose of metformin (r=-0,18,
p=0,005) and no correlation with the dura-
tion of metformin therapy.

In logistic regression analysis each
250 mg increase in metformin dose is as-
sociated with a 15% increased risk of B12
deficiency (p=0,005).
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Categories of B12 status in the studied
population.

. deficit

" low-normal levels

normal levels

—
B12 levels in the groups
on metformin (metformin
+) and not on (metformin-)
therapy. 200+
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100+
50+
0 - I K
metformin + metformin —
S

Categories of B12 status in the groups on (A) and not on (B) metformin therapy.

\ 32% '

.deficit normal levels

W deficit " normal levels
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Categories according to metformin dose.

I <1000 mg

1000-2000 mg >2000 mg

B12 status in the groups according to metformin

dose.
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Discussion

The present study provides data about
vitamin B12 status in a Bulgarian popula-
tion with type 2 diabetes.

Our results show vitamin B12 deficien-
cy in approximately one third (34%) of the
studied patients. The published data on
B12 deficiency in such a population vary
a lot - between 5,8% and 33%, and this is
in part due to the different cut-offs used for
defining deficiency (2). The result from this
study is in the upper range of the available
data and points out the significance of the
problem of B12 deficiency in a Bulgarian
population with type 2 diabetes - virtually
every third patient falls into this category.
Currently there is no published data on B12
deficiency either for the Bulgarian popula-
tion with type 2 diabetes or for the general
Bulgarian population. This is a limitation of
the full analysis of the results of the pres-
ent study as it does not allow comparison
with other studies assessing the prevalence
of B12 deficiency in a Bulgarian population
with type 2 diabetes and mainly because it
does not allow comparison with the preva-
lence of B12 deficiency in the general Bul-
garian population. It can be assumed that
B12 deficiency in the general Bulgarian
population is comparable to that found in
some other populations - in USA and Fin-
land, as there are no substantial differences
in the major determinants of deficiency -
vegetarian diet, prevalence of gastrointesti-
nal diseases and use of antiacids. Data from
the NHANES study in the USA have shown
a B12 deficiency in about 6% of the gener-
al population and in about 20% of the sub-
jects above 60 years of age (1). Regarding
Europe, there is available data for Finland
where the deficiency is 12,1% for the pop-
ulation above the age of 65 (2). In countries
like India where the predominant diet is
vegetarian the deficiency in the adult popu-
lation is up to 70% (1,2). Based on this data
it can be assumed that the results of this
study are in line with the published data,
showing a higher prevalence of B12 defi-
ciency among the patients with diabetes in
comparison to the general population [4].

Together with the data on B12 defi-
ciency, of major clinical importance are the
results of the study concerning the low-nor-
mal levels of B12 that do not exclude defi-
ciency. About one third of the study popu-
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Distribution according to metfomin dose in the
groups with and without B12 deficiency.
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lation (28%) fall into this grey zone which
determines the need for further evalua-
tion of the B12 status by assessing some
of the related metabolites. Deficiency of
B12 may be assumed regardless of nor-
mal serum levels if the levels of the relat-
ed metabolites such as methylmalonic
acid are increased. This means that the
real deficiency of B12 is higher than the
overt deficiency assessed only by the se-
rum level of B12 (1,5). It should be noted
that there is no universally adopted cut-
off for low-normallevel of B12 (4). There
are different cut-offs used - 221, 248 and
295 pmol/l (1,4). The lowest cut-off - 221
pmol/l was used in the current study,
which, potentially, could underestimate
the proportion of patients with potential
deficiency who need further evaluation.
Regarding the cutoff for overt B12 defi-
ciency, there is also some discrepancy -
111, 148 and 150 pmol/l are used, the
latter being most widely adopted and
used also in the present study (1,4,5). Col-
lectively applying these cut-offs over one
half of the patients with type 2 diabetes
in the present study (62%) have or might
have a deficiency or it can be assumed
that they have levels of B12 which are
lower than the undoubtedly normal.

The B12 status of the patients with

type 2 diabetes is related to metformin
therapy (6-8). Metformin is a fundamental
therapy of type 2 diabetes and remains
the firstline agent in the algorithm ac-
cording to the current guidelines (3). In
line with the guidelines the majority of the
patients in the study are taking metformin
- 83,8%. The remaining 16,2% are not
on metformin because of gastrointestinal
side effects, contraindications or have
newly-diagnosed diabetes and are drug-
naive.
The results of the present study show a
significant difference in the mean level of
B12 between the groups with and without
metformin therapy in favor of the group
not taking metformin as well as double
the prevalence of overt deficiency - 18%
vs. 37% in those on metformin therapy.
These results are fully in line and in sup-
port of the established role of metformin
as a risk factor for B12 deficiency and for
the need to monitor B12 serum level in
patients with type 2 diabetes using such
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B12 level in the groups with different duration of

metformin therapy.

*p=0,042
250+ cnpamo 1-5
200+
1504
170

100 -

50
0%

Vitamin B12

.<1 year .1-5 years |:|>5 years

therapy in routine clinical practice (7-11).

While the causative role of metformin for the deficiency of B12
is undoubted, the importance of the dose and the duration of ther-
apy, that determine the risk and the need for screening, is still a
matter of debate. There are plenty of published data that support the
relationship between both the dose and the duration of metformin
therapy for B12 deficiency as well as data in favor of the relationship
only of metformin dose (7-13).

Analyses of the relation of both the dose and the duration of
metformin therapy was performed in the present study using three
dose groups - <1000 mg of metformin, 1000-2000 mg and >2000
mg, and three groups according to the duration of therapy - up to
1 year, 1-5 years and over 5 years. It should be noted that over one
half of the patients fall into the groups with the highest dose and the
longest duration - 58,7% take metformin between 2000 and 3000
mg and 68,4% are on metformin therapy for more than 5 years.

The results of this study support the role of the dose of met-
formin and its relationship to the level and deficiency of B12 and do
not support the role of the duration of therapy.

Although there is no significant difference in B12 levels in the
different dose groups, the results show a clear increase in the per-
centage of patients with overt deficiency with the increase of met-
formin dose - 22% in the group on <1000 mg, 32,7% in the group
on 1000-2000 mg and 43,5% in the group taking >2000 mg of met-
formin. In addition, in the group with overt deficiency of B12 the
percentage of patients taking the highest dose of metformin - over

2000 mg, is higher than in the groups
without overt deficiency - 64% vs. 56%,
despite that statistical significance is not
reached.

In firm support of the role of met-
formin dose on B12 level and deficiency
are the data from the partial correlation
that show significant relationship between
B12 level and metformin dose only, the
relation being inverse - the increase
of metformin dose leads to decrease in
B12 level. These data are supplemented
by the results of the regression analysis
showing that each 250 mg increase in the
dose of metformin, increases the risk of
B12 deficiency by 15%. This analysis was
performed with controlling for age as age
is a major risk factor for B12 deficiency.
Thus the influence of the factor was elim-
inated and the effect of the variables of
interest was estimated - dose and dura-
tion of therapy.

The analysis of the other variable
associated with metformin therapy - the
duration of therapy, generally does not
show a significant relation to the level and
deficiency of B12. Similar results have
been published by other researchers (14).
The percentage of B12 deficiency in the
groups with the shortest and the longest
duration of metformin therapy is virtually
quite similar - 42,9% and 41,2% respec-
tively. A significant difference in B12 level
was found between the groups with du-
ration of therapy between 1-5 years and
over 5 years with higher level in the latter
group. Irrespective of this result, the data
from the correlation analysis do not show
a relation between B12 level and the du-
ration of therapy with metformin.

Advantages of the study

The present study provides the first
data on vitamin B12 status in a Bulgari-
an population with type 2 diabetes. The
results have clinical implication as they
clearly show the need for screening of
B12 status in patients on metformin ther-
apy which virtually comprises almost the
entire population of patients with type 2
diabetes.

Study limitations

The major disadvantage of the study
is the lack of additional assessment of
B12 related metabolite that
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would clarify the status of the patents in the grey zone
of low-normal levels who may also have a deficiency.

Another limitation is the lack of data and analysis
of the subgroup of patients taking antiacids which are a
risk factor for B12 deficiency. With no doubt there is a
certain percentage of such patients in the study popula-
tion - these are mainly the patients with cardiovascular
events who are taking antiplatelet drugs necessitating
antiacid agents.

The number of patients can be considered as an-
other limitation. Probably in a larger population the
trends found in this study would have reached statisti-
cal significance.
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Pe3slome

Lleama Ha Hacmoawomo u3caegBaHe e ga oueHu Bpb3kama mexxgy uHgupeKmHume UHJgeKCU 3a UHCYAU-
HoBa uyBcmBumeanocm u uHcyauHoBa cekpeuua u cbpgedHo-cbgoBama aBmoHomHa gucgyHkuua (CAA) npu
AUUQ € hpeguabem.

Mamepuaa u memogu: B uzcregBarHemo ca BkatoueHu o6wo 265 auua ¢ npeguabem (104 mbike), Ha cpeg-
Ha Bb3pacm 44,7+12,4 2. u cbe cpegeH VITM 30,516,2 ke/m?, pazgereHu cnopeg HOMA-IR - ¢ HOMA-IR >2,5
u ¢ HOMA-IR <2,5, u cnopeg Haauduemo Ha CAA - coc CAA u 6e3 CAA. Mpu Bcuuku ysacmHuyu e oueHeH
2AOKO3HUAM MoAepaHc hocpegcmBom cmaHgapmeH opaAeH 2Al0KO30-moAepaHceH mecm. [AIoKO3HUAM moae-
paHc e gepuHupaH cnopeg Kpumepuume Ha C30 om 2006 2. M3caegBaHu ca naazmeHa 2A0K03a Ha 2AagHo U
Ha 120-MUH. NO XeKCOKUHa3eH eH3uMeH memog u umyHopeakmuBeH uHcyAuH Ha 2aagHo no ECLIA memog u ca
uzyucreHu HOMA-IR u HOMA-B. Dynkyuama Ha aBmoHomHama HepBHa cucmema e oueHeHa C MOHUMOPUH-
2oBa cucmema ANX-3,0, koamo u3znoa3zBa cmaHgapmHume kauHudHu mecmoBe: gbaboko guwane, BaacaaBa u
uznpaBaHe om cegHaAa no3uuus.

Pezyamamu: CAA ce HabatogaBa npu 15,2% 6 2pynama ¢ HOMA-IR >2,5 6 cpaBHeHue ¢ 9,2% 6 2pynama c
HOMA-IR <2,5 (OR 1,67 (95% CI:0,76-3,64), p=0,036). HOMA-IR e no-Bucok npu auyama ¢ namoAo2udeH mecm
gbABoKo guwaHe, opmocmamuueH mecm u Haaudue Ha CAA (cbomBemuo p=0,010, p=0,008, p=0,015).

U36o0gu: CAA Bepoamuo e cBbp3aHa ¢ uHcyauHoBama pezucmeHmHocm, oueHeHa nocpegcmBom HO-
MA-IR, 8 paHHUMe emanu Ha HapyWeH 2AKKO3eH MOAepaHC.

KaroyoBu gymu: copgeuno-cbgoBa aBmoromHa gucdyHkus, uHcyauHoBa pe3ucmenmHocm, npeguabem

BvBegeHue

HampynBam ce gokazameacmBa, 4e He camo
gUCRAUKEMUSMA, HO U gpyau Kapguo-vemaboAumHu
puckoBu akmopu npegcmaBaaBam nomeHuuarHu
NamoAO2UYHU MeXaHU3MU 3a CbpgeuHo-cbgoBa ab-
moHomHa guccpyHkuua (CAA) npu Auua CbC 3axapeH
guabem mun 2 (3A mun 2). NMogo6paBatemo Ha 2auke-

MUYHUA KOHMpoA npegna3Ba om pa3zBumue Ha CAA
npu 3axapeH guabem mun 1 (1), gokamo npu 3A mun 2
gobpuam 2aukemudeH kKoHMpoA Bogu eguHcmBeHo go
ymepeHo 3ababare Ha HeGHama npoezpecus (2). MNpoyu-
Banemo Steno-2 noka3Ba 63% HamaraBaHe Ha yecmoma-
ma Ha CAA npu 3A mun 2 ¢ BvuBexxgaHe Ha KOMNAeKCeH
mepaneBmuueH nogxog, koemo nomBbp>kgaBa myamu-
hakmopHama u o6ycroBerocm (3).
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CAA ce HabatogaBa u npu npeguabemHu cbcmoaHua u
gopu Npu HOpMaAeH 2aloKo3eH moaepaHc (HMIT) npu
HaAuvue Ha uHcyauHoBa pezucmeHmuocm (4), Kbge-
mo e gokaagBaHa Bpb3ka mexxgy Bapuabuaumema Ha
cbpgeuHama yecmoma (BCYH) u xunepuHcyauHemuama
(5). Om gpyea cmpata ce npegnoaaza, Ye Bpv3kama
mexkgy HamareHua BCYH u eaoko3HUA gucmemaboAu-
3M e gBynocouHa (6), Ho koe e NbpBuyHOMO CbCMos-
Hue, koemo 3aBbpma nopouHua Kpbe Ha MemaboAaum-
HU HapyweHua, ocmaBa guckycuoHHo (7).

Te3u gaHHu nocmaBam Bbnpoca 3a npegukmub-
Hama cmolHocm Ha uHcyauHoBama pezucmeHm-
Hocm, He3aBucumo om eaukemuama, Kamo puckoB
pakmop 3a pazBumue Ha CAA npu npeguabem.

Lleama Ha Hacmoaw,omo u3caegBaHe e ga oueHu
Bpb3kama mexkgy uHgupekmHume mapkepu 3a UHCY-
AuHOBa uyBecmBumeaHocm u uHcyauHoBa cekpeuua u
CAA npu Auua ¢ npeguabem.

Mamepuaau u memogu

B npoyuBanemo ca BkaroueHu obwo 265 Auua ¢
npeguabem (104 mbxe u 161 xeHu), Ha cpegHa Bb3-
pacm 44.7£12.4 2. u cbe cpegeH VITM 30,516,2 ke/m?,
B pamkume Ha ckpuHuHzoBa npozpama 3a 3A mun 2,
npoBesxgaHa 8 Kamegpa no EHgokpuHoaozug, Megu-
uuHcku YHuBepcumem Codpusa. Te ca pa3geaeHu cno-
peg cmouHocmma Ha HOMA-IR - ¢ HOMA-IR >2,5 u
¢ HOMA-IR <2,5; u cnopeg Haaubyuemo Ha CAA - cbC
CAA u 6e3 CAA.

Kamo uskaouBawu Kpumepuu ca npuemu: Ha-
Audue Ha Beue guazHOCMuuupaH 3axapeH guabem,
apummun UAU NpUem Ha aHmuapummuyHa mepanua u
npexxuBaH cbpgeuHo-cbgoB uHuUgeHm.

Bcuuku yuyacmHuuu ca gekaapupasu maxHoOmo
NUCMeHO UHgOpPMUpaHoO cbaaacue B cbomBemcmBue
¢ Aekaapauuama om XeAazuHku u npaBurama 3a go-
Opa KAUHUYHA Npakmuka, kamo uzcaegBaHemo e ogo-
6peHo om Komucuama no Emuka kbm MeguuuHcku
YauBepcumem, Codpus.

TAIOKO3HUAM MOAepaHC e oueHeH nocpegcmBom
CcmaHgapmeH OpaAeH 2Al0KO30-MOAepaHCeH Mecm CbC
75 2 eatoko3a caeg 12-yacoBo 2aagyBane. MNMaazmeHama
2AKOKO3a Ha 2AagHo u Ha 120-muH. B xoga Ha mecma e
uzcaegBaHa no xekcokuHa3eH eH3umeH memog (Roche
Diagnostics). [Atoko3HUAM moAepaHc e gedpuHupaH
cnopeg kpumepuume Ha C30 om 2006 2. VimyHope-
akmuBHuam uHcyauH (MPU) Ha 2AnagHO e ougHeH C u3-
noa3Bane Ha ECLIA memog u ca uzuucaeHu HOMA-IR u
HOMA-B no caegHume cpopmyau: HOMA-IR = (nra3me-
Ha 2atoko3a (mmol/)xPU(mIU/I))/22,5 u HOMA-B =
(20xPU(mIU/1))/(nra3meHa 2atoko3a (mmol/1)=3,5)%.

DyHkuyuama Ha aBmoHomHama HepBHa cucmema
e oueHeHa ¢ aBmoHomHa moHumopuHao06a cuc mema
ANX-3.0 (ANSAR Medical Technologies, Inc., Philadel-
phia, PA), koasmo uznoa3zBa cmaHgapmHume KAUHUYHU
mecmoBe: gbAboko guware, BaacaaBa, u uznpabaxe

om cegHaaa no3uuua. Memogbm ANX-3.0 egHoBpe-
meHHO u He3aBucumo uzuucaaBa cumnamukoBama u
napacumnamukoBama akmuBHocm, npuaazalku eg-
HoBpemeHeH cnekmpaAeH aHaAu3 Ha guxameaHama
akmuBHocm u BCY (8). M3caegBaremo e npoBegero
24 yaca cAeg NOCAegHUA Npuem Ha MegukameHmu,
okazBawu BauaHue Bbpxy aBmoHomHama gyHkuua
- aHmuxunepmeH3uBHU MegukameHmu, MPUUUKAUY-
HU aHmugenpecaHmu u SSRIs; 6e3 npuem Ha kadge u
miomioHoNyweHe MuHumMym 12 yaca npegu mecma;
MUHUMYM 30 MUHYMU cAeg NOCAEGHOMO XpaHeHe; CyY-
mpuH mexxgy 8 - 11 vaca.

Cmamucmuyecku aHaAaus

Cmamucmuveckuam aHaAu3 Ha gaHHume e u3-
BvpweH cbc cmamucmuyecku nakem SPSS 21.0
(SPSS, Chicago, USA). AanHume ca npegcmaBeru
Kamo cpegHa £ cmaHgapmHo omKkAoHeHue (SD) u me-
guaHa (nepceHmuau 25% go 75%). AoeapummuyHa
mpaHcgopmauun e uznoazBaHa 3a gaHHU C paznpe-
geAeHue pa3AuYHO om HopmaAaHomo. EgHonocoueH
aHaAu3 Ha gucnepcuama (One-way ANOVA) e npuno-
XeH 3a cpaBHeHue Ha epynume c Post Hoc aHaausz ¢
Tamhane’s T2 kopekuua 3a mHoxkecmBo cpaBHeHus.
P-value (two tailed) no-maako om 0.05 e npuemo 3a
cmamucmu4ecku 3Ha4YUMO.

Pesyamamu

OcHoBHume xapakmepucmuku Ha 2pynume
yuyacmHuuu ca npegcmaBeru 8 Tabauya 1. He ce
HabAtogaBa 3Hauuma pa3zauka B8 HuBama Ha VIPU Ha
2nagHo u HOMA-B uHgekc mexxgy 2pynume cnopeg
Haaubyuemo Ha CAA. HOMA-IR uHgekcom e 3Hauumo
no-Bucok npu ydacmuuuume ¢ gokazaHa CAA (4,78
cnpamo 3,31, p=0,015).

CAA ce ycmanoBu npu 15,2% om yuacmuuuyume
8 epynama ¢ HOMA-IR >2,5 8 cpaBreHue ¢ 9,2% 6
epynama ¢ HOMA-IR <2,5, kamo HuBa Ha HOMA-IR
>2,5 yBeauuaBam pucka 3a CAA npubauzumenro 1.7
nbmu - OR 1,67 (95% Cl: 0,76-3,64), p=0,036. Habato-
gaBa ce meHgeHuua kbm noBuweHu HUBa Ha HOMA-
IR ¢ yBeauuaBare Ha 6Gpoa namoaroz2uvHu mecmoBe.
HOMA-IR uHgekcbm e 3Hauumo no-Bucok npu Auua-
ma ¢ HamareH aBmoHomeH moHyc B xoga Ha mecma
gbAbOKO guwaHe u uznpaBane om cegHaaa no3zuuusn
(ceomBemuo p=0,010, p=0,008) (Due. 1).

ObcbXkgaHe

B Hacmoawomo uzcaegBaHe ce gokaagBa 15%
yecmoma Ha CAA npu Auua ¢ npeguabem u UHCYAU-
HoBa pezucmeHmHocm, kamo HuBa Ha HOMA-IR >2,5
yBeauuaBam pucka om CAA Hag 1,5 nomu. Aocmbn-
Hume 6 Aumepamypama gaHHu ca 6 nogkpena Ha Ha-
cmoawomo npoyuBaHe, kamo nokazBam 3Ha-4uMO
no-Bucoka yecmoma Ha CAA - 38% npu xopa ma cbc
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Tabauya l. OcroBru xapakmepucmuku Ha 2pynume cnopeg HOMA-IR ungekca (HOMA-IR<2,5 u
HOMA-IR>2,5) u Haauduemo Ha cbpgeuHo-cbgoBa aBmonomHa gucyrkyua (CAA) - cbe
CAA (CAA+) u 6e3 CAA (CAA;).

Mapamempu HOMA-IR P
<2,5 >2,5
6pou 76 189
noA (MbXe/HKeHu) 22/54 82/107
6v3pacm (coguHu) 45,1+14,1 46,3£12,2 p=0,454
UTM (k2/m2) 27,045,8 33,246,2 p=0,266
Mapamempu CAA
CAA- CAA+ p
6pou 229 36
NOA (MbXKe/XKeHu) 31/71 17/19
Bv3pacm (2oguHu) 44,7124 54,0+12,1* p<0,001 cnpamo CAA-
UTM (k2/m?) 31,246,8 33,046,2 p=0,130
UPU Ha 2aagHo (mlIU/I) 11,7 (8,10-18,86) 14,29 (8,75-22,38) p=0,128
UPU creg HamoBapBane (mIU/L) | 33,40 (15,40-64,90) | 35,58 (9,81-73,85) p=0,595
HOMA-B 88,22 (54,09-145,84) | 87,22 (56,89-131,03) p=0,576
HOMA-IR 3,31 (2,20-5,31) 4,78 (3,12-7,76)* | p=0,015 cnpamo CAA-

AaHHUmMe ca cpegHa = cmaHgapmHo omkAoHeHue (SD) u cpegHa (nepceHmunu 25% go 75%).

3A mun 2 u HOMA-IR >2,6 8 cpaBHeHue ¢ 24% npu
3A mun 2 u HOMA-IR <2,6 (9). AokaagBaHo e, ue ve-
cmomama Ha CAA e no-Bucoka 666 Bucoko-puckoBa
nonyaauua ¢ HMI'T u ¢pamuaHa aHamHe3a 3a 3A mun
2 - 6,7% 6 cpaBHeHue c 1,6% npu 3gpabu auua 6e3
pamuaHa obpemereHocm (10, 11) u npu maagu uHgu-
Bugu c BpogeHa 2eHepaAuzupaHa Aunogucmpodus,
Koemo npegnoaaea, ve uHcyauHoBama pezucmen-
mHocm cbyyacmBa 6 paHHume emanu Ha pazBumue
Ha CAA (12).

HOMA-IR uHgekcbm e 3Hadumo no-Bucok npu
AUU@Ma C NamoAo2UYeH mecm gbAbOKO guwaHe u
uznpaBaHe om cegHara no3uyun, U Npu gokazaHa
CAA. Te3u pezyamamu ca 8 coomBemcmBue ¢ gpyeu
gokAagBaHu gaHHU 3a no-cuAHa Bpb3ka mexxgy CAA u
XunepuHcyAuHemuama u uHcyauHoBama pezucmenm-
HOCM, OMKOAKOMO C MaAKume (pAyKMyauyuu Ha nAas3-
meHama 2atoko3a (13). Te3u gaHHu ca nomBbpgeHu
npu 3A mun 2 ¢ 2oaama gaBHocm U HamaAeHa napa-
cumnamukoBa gyHkuua (14), npu 3A mun 2 ¢ maaka
gaBHocm u cumnamukoBa xunepakmuBrocm (15, 16),
npu HoBoomkpum 3A mun 2 (17), kKakmo u npu Hegu-
abemuuu pogcmBeHuuu Ha Auua cbe 3A mun 2 (10).

PeuunpouHa Bpb3ka mexgy cepymHua UHCYAUH Ha
2aagHo u bapopeuenmopHama yyBecmBumeaHocm e
ycmanoBera gopu npu 3gpaBu gobpoBoauu (18). B
10-eoguwHo npocnekmuBHo npoyuBaHe noBuweHu-
me HuBa Ha cepymeH UHCYAUH Ha 2AagHO U CAeg Ha-
moBapBaHe u3xogHO ca Npegukmopu 3a HamaAeH na-
pacumnamuko8 moxyc npu HoBoomkpum 3A mun 2
HezaBucumo om 2aukemuyHuA KOHMpPOA (17). Hecamo
uHcyAauHemuama, Ho u HOMA-IR uHgekcbm Kopeau-
pa ¢ BCY u cumnamo-BazaaHua gucbaraHc npu HmIT,
npeguabem u 3A mun 2 (19, 20).

MHcyaunHoBama pejucmeHmHocm Ha HuBo He-
BpoHu e cBbp3aHa ¢ uHxubupaHe Ha PI3K/Akt (poc-
pamuguauHozumoa 3'-kuraza/Akt) cuzHaaHua nom,
koemo Bogu go HapyweHue Ha HeBpompodHume
uHCcyAuHoBU edrekmu U MUMOXOHgPUAAHA gUCHYHK-
UuA C 2eHEpUpPaHe Ha OKUCAUMeEAeH cmpec, KOUmo e
npegnoAazaem nNogaexkaw, Namogu3UOAO2UYEH Me-
xaHu3bm 3a pazBumue Ha CAA (21). CaegoBamento,
BepoamHo uHcyauHoBama pe3ucmeHmHocm uzpae
katouoBa poaa 3a pazBumuemo Ha CAA, HezaBucumo
om 2AuKemuama.
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(Dueypa 7/, HOMA-IR uHgekc 6 nogepynume cnopeg HaAu4ue Ha hamoAo2udeH mecm gbAboko guware (E:l
Ratio), namoaoauueH BarcaaBa mecm u namoaozudeH mecm u3znpaBaHe om cegHaaa nozuuua
(30:15 Ratio), kakmo u cnopeg 6poa namoao2u4HU mecmoBe.

HOMA-IR B 2pynume cnopeg mecma HOMA-IR B 2pynume cnopeg mecma
gbaboko guwaHe BancanBa

HOPMUAA€EH NAaMOoAO2UYeH HOPpMAAEH NAamoAo2uU4eH
*p=0,010 cnpgamo HopMmaneH *p=0,142

HOMA-IR B 2pynume cnopeg mecma
usnpaBgaHe om cegHana nosuuug
.
A

HopManeH NamoAo2uyeH
*p=0,008 cnpgmo HopmaneH

HOMA-IR B 2pynume cnopeg bpog Ha namoao2uyHU mecmoBe

’ =
4
3
2
1
0
0 namoAo2uyHuU 1 namonaozuyeH 2 NaMOAO2UYHU 3 NAMOAO2UYHU
mecma mecm mecma mecma

*p=0,001 cnpamo 0 namoAo2u4HU mecma

3akatoueHue
bAaazogapHocm
CAA u3erexga e cBobp3aHa ¢ uHcyauHoBama Tazu nybaukayua e nogkpeneHa om MuHucmep-
pezucmeHmHocm 6 paHHume emanu Ha HapyweH  cmBo Ha o6pazoBaHuemo u Haykama no HayuoHas-
2atoko3eH moaepaHc. HOMA-IR uHgekcbm moxe ga  Ha npozpama 3a HayyHu uzcregBanua ,Maagu yyeHu
6bge noaezeH mapkep 3a Haauuue Ha CAA 6 masu u nocmgokmopaHmu?*
nonyaAauus.
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The aim of the present study is to assess the relationship between indirect indexes of insulin sensitivity and insulin
secretion and cardio-vascular autonomic dysfunction (CAD) in subjects with prediabetes.
Material and methods: A total of 265 subjects with prediabetes (104 males), of mean age 44,7+12,4 years and

mean BMI 30,516,2 kg/m?, divided according to HOMA-IR - with HOMA-IR >2,5 and with HOMA-IR <2,5, and
according to the presence of CAD - with CAD and without CAD, were enrolled. Glucose tolerance was evaluated
during a standard oral glucose tolerance test in all participants. The glucose tolerance was defined according to 2006
WHO criteria. Fasting and 120-min plasma glucose were examined by a hexokinase enzyme method and immunore-
active insulin at fasting by the ECLIA method, and HOMA-IR and HOMA- were calculated. The autonomic nervous
system function was evaluated with an ANX-3.0 autonomic monitoring system using standard clinical tests: deep
breathing, Valsalva maneuver, and standing.

Results: CAD was found in 15,2% of the HOMA-IR > 2,5 group in comparison to 9,2% in the HOMA-IR < 2,5
group (OR 1,67 (95% ClI:0,76-3,64), p=0,036). HOMA-IR is higher in subjects with abnormal deep breathing, standing
test and CAD (p=0,010, p=0,008, p=0,015, respectively).

Conclusion: CAD appears to be associated with insulin resistance, assessed by HOMA-IR, in the early stages of

impaired glucose tolerance.

Key words: cardiovascular autonomic dysfunction, insulin resistance, prediabetes

Introduction

There is accumulating evidence that not only dys-
glycemia, but other cardio-metabolic risk factors are
also putative pathogenic mechanisms for cardio-vascu-
lar autonomic dysfunction (CAD) in subjects with type
2 diabetes (T2D). The improvement of glycemic control
prevents CAD in type 1 diabetes (1), whereas it only
moderately delays its progression in T2D (2). The Ste-
no-2 study has demonstrated a 63% reduction of CAD in
T2D with the implementation of a complex therapeutic
approach confirming its multifactorial determination (3).

CAD may also develop in prediabetes and even in nor-
mal glucose tolerance (NGT) in the presence of insulin
resistance (4), where a relationship between heart rate
variability (HRV) and hyperinsulinemia has been report-
ed (5). On the other hand, a bidirectional relationship
between reduced HRV and glucose dysmetabolism has
been assumed [6], but which is the primary defect lead-
ing to the vicious circle of metabolic abnormalities re-
mains a question of discussion (7).

These findings raise the question about the predic-
tive value of insulin resistance independently of dysgly-
cemia for CAD in prediabetes. Thus, we aimed to assess
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the relationship between indirect markers of insulin
sensitivity and secretion and CAD in subjects with pre-
diabetes.

Material and Methods

A total of 265 subjects with prediabetes (104 males
and 161 females), of mean age 44,7+12,4 years and
mean BMI 30,516,2 kg/m?, were enrolled at the Depart-
ment of Endocrinology, Medical University of Sofia, with-
in an ongoing screening program for T2D. They were
divided according to HOMA-IR - with HOMA-IR >2,5
and with HOMA-IR <2,5; and according to the presence
of CAD - with CAD and without CAD.

Previously diagnosed diabetes, arrhythmias or tak-
ing anti-arrhythmic drug therapy and experienced vascu-
lar events were considered exclusion criteria.

All subjects declared their written informed consent
in accordance with the Helsinki Declaration and Good
Clinical Practice rules, and the study was approved by
the Ethics Committee of the Medical University of Sofia.

Glucose tolerance was evaluated during a standard
oral glucose tolerance test with 75 g anhydrous glucose
after an overnight fasting. Fasting and 120-min plasma
glucose were examined by a hexokinase enzyme meth-
od (Roche Diagnostics). Glucose tolerance was defined

according to 2006 WHO criteria. Immunoreactive insu-
lin (IRI) at fasting was assessed using the ECLIA method
and HOMA-IR=(plasma glucose (mmol/l)xIRI(mIU/I))
/22,5 and HOMA-B=(20xIRI (mIU/l))/(plasma glucose
(mmol/1)-3,5)% were calculated.

The autonomic nervous system function was eval-
uated with an ANX-3,0 autonomic monitoring system
(ANSAR Medical Technologies, Inc., Philadelphia, PA)
using standard clinical tests: deep breathing, Valsalva
maneuver, and standing. The ANX-3,0 method simulta-
neously and independently computes sympathetic and
parasympathetic activity, applying concomitant spectral
analysis of respiratory activity and HRV (8). The study
was performed 24 hours after the last dose of medica-
tions affecting autonomic function - antihypertensives,
tricyclic antidepressants and SSRIs; while refraining from
coffee and smoking 12 hours prior to the test; at least 30
minutes after the last meal; between 8-11 a.m.

Statistical analysis

Statistical analysis of the data was performed by
SPSS 21.0 (SPSS, Chicago, USA). The data are expressed
as mean = standard deviation (SD) and median (percen-
tile 25% to 75%). Logarithmic transformation was used
for skewed data distribution. One-way analysis of vari-
ance (One-way ANOVA) was applied for comparison of

Table 1. | Main characteristics of the groups according to HOMA-IR (HOMA-IR<2.5 and HOMA-IR>2.5) and the
presence of cardio-vascular autonomic dysfunction (CAD) - with CAD (CAD+) and without CAD (CAD-).
Parameters HOMA-IR p
<2,5 >2,5
number 76 189
sex (males/females) 22/54 82/107
age (years) 45,1£14,1 46,3£12,2 p=0,454
BMI (kg/m?) 27,05,8 33,246,2 p=0,266
Parameters CAD
CAD- CAD+ p
number 229 36
sex (males/females) 31/71 17/19
age (years) 44,7+12,4 54,0£12,1* p<0,001 vs CAD-
BMI (kg/m?) 31,246,8 33,06,2 p=0,130
IRI at fasting (mIU/I) 11,7 (8,10-18,86) | 14,29 (8,75-22,38) p=0,128
IRI postload (mIU/L) 33,40 (15,40-64,90) | 35,58 (9,81-73,85) p=0,595
HOMA-p 88,22 (54,09-145,84)| 87,22 (56,89-131,03) p=0,576
HOMA-IR 3,31 (2,20-5,31) 4,78 (3,12-7,76)* p=0,015 vs CAD-

Data are means = SD and median (percentile 25% to 75%).
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HOMA-IR in the subgroups according to the presence of abnormal deep breathing tests (E:I Ratio),
abnormal Valsalva maneuver test and abnormal standing from a seated position test (30:15 Ratio);
and the number of abnormal autonomic tests.

HOMA-IR in the groups according to
deep breathing test

normal abnormal
*p=0,010 vs normal

HOMA-IR in the groups according to
Valsalva maneuver

4 >

normal
*p=0,142

abnormal

HOMA-IR in the groups according to

standing test

41 -
3,3

2_

14

04
normal
*p=0,008

HOMA-IR in the groups according to the number of abnormal tests

O B N W B U

0 abnormal
test test

*p=0,001 vs 0 abnormal test

1 abnormal

the groups with Post Hoc analysis with Tamhane’s T2
correction for multiple comparisons. A p-value (two
tailed) of less than 0,05 was considered statistically
significant.

Results

The main characteristics of the groups are displayed
in Table 1. There is no statistically significant difference in
fasting IRl and HOMA-B between the groups according
to the presence of CAD. HOMA-IR is significantly higher

abnormal

3 abnormal
tests

2 abnormal
tests

in subjects with CAD (4,78 vs 3,31, p=0,015).

CAD is found in 15,2% of the HOMA-IR > 2,5 group
in comparison to 9,2% in the HOMA-IR < 2,5 group,
as the presence of HOMA-IR > 2,5 increases the risk of
CAD approximately 1,7 times - OR 1,67 (95% Cl: 0,76-
3,64), p=0,036. There is a trend towards an elevated
HOMA-IR value with the increase in the number of ab-
normal tests. HOMA-IR is significantly higher in subjects
with diminished deep breathing and standing challenge
(p=0,010, p=0,008, respectively) (Figure 1).
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Discussion

In the present study, we report a 15% prevalence
of CAD in subjects with prediabetes and insulin resis-
tance, HOMA-IR > 2,5 increasing the risk for CAD over
1,5 times. Available data is in support of our findings,
showing a significantly higher prevalence of CAD - 38%
in subjects with T2D and HOMA-IR > 2,6 in comparison
to 24% in T2D and HOMA-IR < 2,6 (9). The prevalence
of CAD has been reported to be higher in a high-risk
population with NGT and a family history of T2D - 6,7%
as compared to 1,6% in healthy subjects without a fam-
ily history (10, 11) and in young subjects with congenital
generalized lipodystrophy, which suggests that insulin
resistance is involved in early CAD development (12).

HOMA-IR was found to be significantly elevated in
subjects with an abnormal deep breathing and standing
test and confirmed CAD. These results are in line with
some data for a stronger relationship between CAD
and hyperinsulinemia and insulin resistance rather than
with slight fluctuations in plasma glucose levels [13].
This data has been confirmed in T2D of long duration
and decreased parasympathetic function (14), in T2D of
short duration and sympathetic hyperactivity (15, 16), in
newly-diagnosed T2D (17), as well as in non-diabetic off-
springs of T2D (10). Even in healthy volunteers, a recip-
rocal relation between fasting IRl and baroreceptor sen-
sitivity has been reported (18). In a 10 year prospective
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In Memoriam

Npod. g-p
Ekcanem KapaxaHgH-
AkambazoBa, g.m.H.

In Memoriam

1933 - 2019

Ha 01. 07. 2019 2. ce paggeAauxme c npod. g-p Ekcanem Kapaxanan-Axxamb6azo8a, g.m.H., u3mbKkHam
u 06uuyaH neguambp U EHJOKPUHOAOZ.

Mpod. g-p Ekcanem Kapekun KapaxaHaH-A)xambazo6a e pogena Ha 05. 02. 1933 2. 6 2p. Xacko6o. 3a-
Bbpwba meguuuHa npe3 1956 2. 66 BMU - MroBguB. 3anouba paboma nbpBoHauarHo Kamo neguamubp
6 Aemcka KauHuka 6 6oAHuyama Ha 2p. Xacko6o, om kpaa Ha 1980-me 2oguHu pwkoBogu HoBocb3gage-
Hua MeguuyuHcku hakyamem 6 2p. Ma3zapgkuk, caeg Koemo go neHcuoHupaHemo cu pabomu 6 KauHuka
u Kamegpa no Aemcku 6oaecmu npu YMBAA ,,C6emu leopau”, cb3gaBaiku OmgeareHue no gemcka eH-
goKpUHoAO2UA U BoAaecmu Ha memaboAu3ma.

Mpod. KapaxaHan 3awumaba 2 gucepmauyuu - npe3 1978 2. u 1987 2. 6 o6aacmma Ha gemckama
MmupeougoAo2uA U UMa NPuCbgeHa HayuyHa cmeneH ,goKMop Ha MeguuyuHckume Hayku“. AGmop e Ha
MH0206pOolHU HayuyHU cmamuu u yyebHuuu. Cneyuaau3upana e 6 Ffepmanuna, AHzaua, Aavua u LLBeyus.
Caeg neHcuoHupaHemo cu ce 3aBpbwa 6 pogHua cu 2pag u pabomu 6 ML} ,ABULLEHA”, kamo ocmaBa
KOHCYAmaHm Ha yHubepcumemckama Aemcka kauHuka. Cbc c6oa 602am npogpecuoHareH onum u Henpe-
cbxBawa eHepzua okazba HeoueHuma nomouwy 6 akagemuuHomo pazBumue Ha mAagume cneyuaAucmu.
Mpe3 2004 2. e uzbpaHa 3a Aekap Ha 2oguHama.

Mpod. KapaxaHaH e opzaHu3zupara mawabHu enugemuoAro2uuHu npoyuyBaHua 3a omkpuBane Ha
€HgOKpUuHHU 3a00Aa6aHuna cpeg geyama om acaume, gemckume 2paguHu u yyuauwama 6 2p. Xacko6o,
Bv6exgana e HOBu guazHocmuuHu u mepane6muuyHu memogu 6 yarocmHama cu KAUHUYHA geliHoCm.
Mpe3 2014 2. e u3bpaHa 32 nouemeH 2paxkgaHuH Ha 2p. Xacko6o 3a gbAzo2oguwiHAMa cu omgageHocm
Ha Aekapckama npodgpecun npe3 c6oume Hag 60 2oguHu mpygo6 cmax.

-Lar xuBom com pabomusra mo6a u mu xapec6a, gBuxeHuemo Hanpeg, HoBocmume 6 AedeHuemo,
yyebHuyu, Bcuvyko, koemo nomaza Ha xopama. AoBosna cem om xuBoma cu, nocmuzHasa cem Bcudyko,
Koemo cvm uckara. Ho Hukoza He uckam ga cnupam, cnpew Au, npukaroyBaw ¢ Bcuyko...”

MOKAOH npeg eguH gocmoiiHo u3B8bp6aH >xumelicku u npogpecuoHareH nbm!
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tables and figures are numbered sequentially and
should be referred to in the text. If illustrations
from other source are used, the latter should be
accompanied by the relevant permission for re-

production with a reference in the figure caption.

References

The references should be presented on
a separate page at the end of the manuscript.
It is recommended that the number of refer-
ences should not exceed 25 titles for original
research articles and 40 titles for the reviews.
It is advisable that sources on the topic from
the recent five years be used. The references
are listed in their order of first appearance in the
text. Ttey should follow the Vancouver format and
the Uniform requirements(http://www.ncbi. nih.
go/pmc/ articles/PMC 3142758/). All authors
should be listed for papers with up to six au-
thors; for papers with more than six authors, the
first siz only should be listed, followed by et al.
The authors are followed by the full title of the
paper (Only the first word is capitalized). The
journal title is abreviated in conformity with
the latest edition of Index medicus, followed
by year, volume, issue in parentheses (not nec-
essary for periodicals with a continuous pag-
ination throughout the volume) and full first
and last page.

Chapters of books are cited in the same way,
the full name off the chapter first, followed by
,In:*, full title of the book, editors, publisher, town,
year, first and last pages of the cited chapter.

Examples

Reference to a journal article:

1. McLachlan S, Prumel MF, Rapoport B.
Cell Medical or Humoral immunity in Graves'
ophthalmopathy? | endocrinol Metab 1994; 78
(5): 1070-1074

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al.
A consensus of the Bulgarian Insitute Metabolic Syn-
drome on the metabolic syndrome. Nauka Endocri-
nologia. 2010; 2; 53-70 (In Bulgarian)
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Instructions to authors

HOMepupaHe Ha cmpaHuuume 6 moma). nba-
HU HayaAHa U KpalHa cmpaHuua. MaBHu (pas-
geAu) om KHuz2u ce u3znucBam no aHaAo2uueH
Ha4yuH, Kamo caeg aBmopa u 3aeraBuemo Ha
2naBHama (pa3zgena) ce ombeaazBam umeHama
Ha pegakmopume, NbAHOMO 3azAaBue Ha KHu-
2ama, uzgameacmBomo, 2pagbm u 20guHama
Ha u3zgaBaHe, HauaAHama u kpalHama cmpaHu-
ua. MismouHuuume Ha kupuauua caegBa ga 6b-
gam npegcmaBeHu u ¢ opucuHaaHua um npeBog
Ha aH2AUUCKU e3UK UAU mpaHcAumepauus (ako
U3MOYHUKBM HAMA opu2uHareH npeBog u pesto-
Me Ha aH2AulicKku) U cbe 3abeaexkka B ckobu (in
Bulgarian). KHuzonucbm Ha opu2uHaAHUMeE cma-
muu ce omneyamBa caeg aH2AUTCKUA MeKCM.

Mpumepu:
Cmamua om cnucaHue:

1. McLachlan S, Prumel MF, Rapoport B.
Cell Medical or Humoral immunity in Graves'
ophthalmopathy? | endocrinol Metab 1994, 78
(5): 1070-1074

2. Christov VI, Gocheva N, Petkova M,

Zacharieva S, Tankova Tz, Orbetzova M, et al.
A consensus of the Bulgarian Insitute Metabolic Syn-
drome on the metabolic syndrome. Nauka Endocri-
nologia. 2010; 2; 53-70 (In Bulgarian)
(XpucmoB Ba, ToueBa X, NemkoBa M, 3axapueBa C,
OpbeuoBa M. u cbaBm. KoHceHcyc Ha bbvaeapckua
UHCmumym  ,MemaboaumeH  cuHgpom”  3a
noBegeHue npu memaboAumeH CuHgpom. Hayka
EngokpuHoroeua 2010; 2: 53-70).

Iha6a (pazgea) om kHuza:

3. Delange F.

Endemic Cretenism. In: Braveman L. Utiger R, ed-
itors. The Thyroid. 9" ed. Philadelphia: Lippincott
Co; 1991. p. 942-955.

Mamepuarume mpa66a ga ca HanucaHu Ha
npaBuner 6vAzapcku, pecnekmuBHoO aHeAulCKU
e3uk npu cnazBane Ha cbBpemernHume npaBusa
3a npaBonuc u nyukmyayus. lNMpenopwsyumen-
HO e aBmopume ga Kocyamupam aHzAutickua
mekcm ¢ ¢puroroe uau aHerozoBopawy. Pegak-
yuama moxe ga Haco4u kem kBaruguyupanu
npeBogayu 3a npeBog uru pegakmupare Ha ma-
mepuacume Ha aH2AUUCKU €3UK Cpewyy 3anAa-
wane. Mamepuaau, koumo He omzoBapam Ha
uzuckBanuama Ha cnucaHuemo, ce 6psuwam Ha
aBmopume 3a kopekyuu npegu ga 6sgam npe-
gageHu 3a peyeH3zupaxe.

(XpucmoBa Ba. ToueBa H, NemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha boa-
2apckua uHcmumym ,MemaboAumeH cuHgpom”
3a noBegeHue npu memaboaumeH cuHgpom. Hay-
ka EHgokpuHorozua 2010; 2; 53-70)

References to a book chapter:
1. Delange F. Endemic Cretenism, In: Brave-
man L, Utiger R, editors. The Thyroid. 9" ed. Phil-
adelphia: Lippincott Co; 1991. p. 942-955.
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