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urphy R, Ellard S, Hattersley AT. Clinical implications of a molecular genetic classification of monogenic beta-cell diabetes. Nat Clin Pract Endocrinol Metab 2008; 4: 200— 213.




NEOINIKO2 2AKXAPQAHZ AIABHTHZ (NZA)

MONIMOZ NMAPOAIKOXZ
J J
KCNJ11 ZAC/HYMAI
ABCCS8 ABCCS8
GCK KCNJ11
IPF1 (PDX1) HNF1B
PTF1A
FOXP3
EIF2AKS3

Journal of Diabetes Investigation Volume 2 Issue 3 June 2011




NEOI'NIKOZ 2AKXAPQAH2 AIABHTHZ (N2A)

Journal of Diabetes Investigation Volume 2 Issue 3 June 2011

» Epoaviletal oToug TTpwTous 6 pnveg (wWNG.
» 1/100000-300000 yevvnoeig
» Augnuéeva emitreda YAUKOZNG OTO aipa Kal oTa oupa.
» YUNTITWHOTA :
« Aiga
e 2UXVoupia-TToAuoupia
*  ApuddTwaon

» MONIMOZ NZA:
* |voouAivoBeparreia
* ATIO TOU OTOUOTOC COUAPOVUAOUPIEC
> NAPOAIKOZ NZA:
* Aidyvwon otnv 1" ¢fdopdda {wr¢ kKal upeon otn 12" efdopdda {wnc.
* ApXIKa IvOOUAIvOBepaTTeEia Kal apyoTepa ol aoBeveic dev XpeIddovTal IVOOUAIvN.




REVIEW ARTICLE

Genetics and pathophysiology of neonatal
diabetes mellitus

Rochelle N Naylor', Siri Atma W Greeley', Graeme | Bell?, Louis H Philipson'*

Journal of Diabetes Investigation Volume 2 Issue 3 June 2011



MNapodikdg (TNDM)
45%

6q ZAC KCNJ11

X

(Altered
imprinting)
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NDM
EIF2AK3 FOXP3 GATAG6

GATA4 GLIS3 HYMAI IER31p1/ ABCCS GCK BLK CEL HNFIA
MNX] NEUROG3 NKX2-2 HNFIBINS \HNF4AKLFII PAX4
.~ \KCNJ11 NEURODI

RFX6 PAX6 PLAGLI PTFI1A4
PCBDI1 SLCI942 SLC2A2
TRMTI104 WES1 ZFP57

PDX1I

P e
Severe IR

PPARG

Monogenic diabetes genes associated with NDM and/or MODY. Over 30 monogenic diabetes genes have been identified to cause NDM or MODY. Mutations in seven of
them, including ABCCS8, GCK, HNFIB, INS, KCNJ11, NEURODI, and PDX1, may lead to both NDM and MODY. Bolded genes are discussed in this article.

Endocr Rev. 2016 Jun; 37(3): 190—-222.




Table 2 Neonatal diabetes mellitus

Gene or syndrome Affected protein Inheritance Additional features Treatment
Trangient NDM
6624 apnormalities Imglicated protaing pleomorpivg Spontaneous, AD Low birthweight, macregiossia, umtilical hemia Insuting relapsed cases might
ZAC (FLAGT), HYMAT implicated . adenoma genelike 1, hydatiform respond to sulfonyiureas and
miole-associated and imprinted other oral megications
transcript
ABCCB ¥ SUR1 Spontaneous, AD Low birthweight Respongve to sulfonyiureas
KCNIT? ¥ Kir6i.2 Spontaneous, AD Low birthweight, developmerial celay; seizunes Responsve to sulfonylureas
NS (Projfinsuling homore Recessive Lowy birthweight Ireudin
Permanent NDM
KENITT ¥ Kirs2 Spontaneous, AD Low birthweight, developmental delay; seizures Responsve 1o sulformlureas
ABCCB SUR1 Spontaneous, AL, AR Low birthwweight Responsve to sulfonyiureas
NS (Prolinsudin homone Sporaneous, AD, AR Low birhwveight Insuliny
GCX Gucokinase AR Low birthweight, parents have GCK MOCY (MCDY2) Insulin = oral therapies
Syrdrormic NDM
FOKP3, PEX syncrome Forkhead box P3 Xinked Aoimmune ciatetes and thyroid disease, immune  Insudin
dysreguation, enteropathy, exdoliative dermatizis,
ofteny early demise
EFZAK3, Wolcon-Rallison Eukaryotic ransiation initiation AR Epiphyseal dyspiadga, exodrine pancreatic Inssdin
Syndrome factor 2-alpha kinase 3 insufficiency
POXT (IPFT) Pancreatic duodenal homecbox 1 AR Ageness of the pancreas, parents have Insulin
(insulin promoter factar 1) PFT MODY (MODY4)
PTFIA Pancreas transcription factor 1A AR Pancreatic hypoplasia, cerebellar hypoplasa Irasudin
GLIS3 Gioma-assocated oncogene AR Congenital hypothwroidism, glaucoma, kidney oysts,  Insdin
sirmilar 3 hepatic fibeosis
NELIRCO! Neuwrogenic cifferentiation 1 AR Cerebelar hypoplasia, deafress Insuliny
MHNFIB Hegatodyte nucler factor 1-beta Spontaneous, AL Renal and genitourdnary abnormaiities, Irsudin
atrophy of the pancreas

\\



Tanle 1. Monogenic subtypas of Nnaonatal and infancy-onmnsat diabetes (modified from refereonce 37)

CGens Locus INnNearitancae Other clinical featuras Rafareances
ALrnormal pancaraeatic cdaevaloprment
FUACSL T A YNAAS [STS =21 Naarismkales TINIDON 4 rmacroglossia = carmitbilical haormilea (333)
(rmprinmting)
= FFPS7 Sp22.1 Raecassive TINDM (multiple hypormeaethyiation sym- (-A33)
cdroormien) -4 rmacroglossiag - cddaovaloparmantaal
dalay -+ umbilical defects - congeanital heoaart
ddiseasa
=X 7 13121 Rocassive FINIDN - praancaraatico aagonasls (staatorrham) (1 733)
PTEFTA 101 2.2 Roecassive FPINDNM - panoreatic agonosils (1 74)
(steatorrheaa) + caratbheaeliar
hypoplasiasaplasia - contral rospiratory
cdysasfunction
[PTF 1A enhanvcer 10p12.2 Raoceaessive FPINDMNM - pancraeatic agenesis withouwut CNSS (839)
ferxaatuiresss
HINF T8 17g=21.3 Dominant TINIDOMNM 4+ pancreatic hypoplasia and remnal (385)
Cysts
X Sa22a Rocassive FPPINIDN - intarstinaal atrosia - gaadl BDlasciciesr (1 75)
agenesis
CEGATAG 18Q11.1-g31 1.2 Dormimnant FPINIDON - pancaraatic aageanasis - aongenital (920)
esaart cdofaracts - Billlaary aabhmaorrmaalitierss
GAT A Sp2sa Dormiinant FPINDM - pancreatic agenesls -+ congeaenital (1 763)
heart daefects
CGLIS3 So2a B2 Rocoassive FPINIDN - corngeanitaal (177
hypothyroidism + glaucormma + heapatic
fMbhrosis - ranal oysts
INELIIRCOOCE 3 1021.3 Racamshver FPINIDMNM - ontaric aanandocarinossis (1 783)
(Mmalabhsorptive diarrhea)
INECTIRCOED T 232 Recassive FPINIIDNM - carebaeliar hypoplasia - visual (1 793)
Impairrmont 4 cddoafross
F2ANXE 1113 Rocaessive FPINDOMNM - mmibocrophthalmila - Hralnm (1 80)
mmalformations
NANX T T36.32 Racansive FPINIDMNM - daevaloprmantal daelay - sacral (181) (1 75)
agenesis +— impearforate anus
N2 -2 20p1 1 .22 Reacassive FPINIDON - deveaeloprmeaental (182)
cldolivy 4+ hypootonia 4 short
sStatura -+ deafness 4 constipation
ALnormal (s-caell funation
ISCCNLIT T 11161 SSpoontaanaoousss cor FPINODOMNMZTINIDON 4 DEND (7)
cdormimneant
AEICCCE 11151 Spontanacous s, TNDNMFPINIDON - DEMND (483)
clorminaant or
recassive
IINES 11 5 Roeceaessive Isolatadcd FPINIDNM or TINIDMNM (36)
GO TE15-p»>13 Raocassive Isolatact PNIDDON (83)
Sl C2AZ2 (GLUT2) 326,11 - 263 Rocessive Fanconl - Bilclkal syndrome: (183)
PNDOM + hypargalactoseaemia, liver
cdysafunction
St roaz 1233 Roecessive Roger's syncdrorme: (184a)
FPINIDOMNM - thiasimine-rasponsive
magalobhinstico aanarmila, soansorinaeoaral
daeamess
Destruction of 3 ceallss
NS 11165 Spoontiaanaouss or Isolatact PNIDDNM {2
clomimnant
ElF-2A1K3 2p11.2 Raceassive WVWolcott —Rallison ssyncdroarnmes: (77
FPINIDOMNM b silkalatal cdysplasia - raecurranmt thvaor
ddysfunction
TEIRBIFT 1821.2 Racassive FPINDNM - miiarocaephaly 4+ lissancaphaly -+ apilaeptic (185)
erncophalopathy
FOXP,P3 X}p11 . 23-p13.3 XK-linkkaedd, IPEX syndromae (aautoinrrmiune aentaeropathy, (186)
recaessive eczerma, autoinrmun e Nypothyroidisrm, anda
wolavated IgE)
WEFS 7 AP 16,1 Recessive FPINDM® - optic atrophy - diabeatas (12265)

iNnsipicdus - deamess

CNS, cantral narvouwus asystarm ;. DEND, developmental daelay, epllepsy, and neaonatal diaboatas synNndcdromnme;

cdysregulation, polyvendoorinopathy, entaropathy, X-linked syndrome; TINDM; transieont naeaonatal diabhotes rmallitus.
TThe rmaan ager of cdimgnosis armong pationts with VYES 7 mmuutaations is aapproxitmataly 5 yr (129) .

g, mumunogliotulin: 1IPESX, mrmune

“\\

Pediatric Diabetes 2014: 15(Suppl. 20): 47-64




AIABHTHZ TYTI0OY MODY

(MATURITY ONSET DIABETES OF THE YOUNG)

» /Hma 3 KaBoAou cupTITWUATA.
Oikoyevelako laTopikd yia diaBATn
0€ TTOAEG OIODOOXIKEG YEVEEG.

National Institute of Diabetes and Digestive and Kidney Diseases

Autosomal dominant

Affected
father

Unaffected
mother

Ul il m
B Unaffected
| ] Affected
UN ] HR UN

Affected Unaffected Unaffected Affected
son daughter son daughter

U.S. National Library of Medicine



AIABHTHZz TYTNOY MODY
(MATURITY ONSET DIABETES OF THE YOUNG)

» 1975
Oplioudg

» > A2 og veapd Atoua + AUTOOWMATIKA ETTIKPATOUCO KANPOVOUIKOTNTA

Tattersall RB. Mild familial diabetes with dominant inheritance.
QJ Med 1974;43:339-57.
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AIABHTHZz TYTNOY MODY
(MATURITY ONSET DIABETES OF THE YOUNG)

TpPEXWV OPITHUOC

®»ETepOlUYEC HOVOYOVIDIOKEC METAAAALEIC EVOC ATTO 6 dIAPOPETIKA Yyovidia
®» AUTOOWWATIKI ETTIKPATOUOO KANPOVOMIKOTATA

»'Evapcn Tou diaBnTn o€ YIkE NAIKia: TTaidikr}, epnPIKr Kal VEAPOI EVAAIKES
® [TpwTtoTraBn¢ BAGRN oTNV £KKPION TNG IVOOUAIVNG




MODY 1- petdAAagn otov HNF-4a chromosome 20

MODY 2- petdANagn a1o yovidlo TNG YAUKOKIVAONG chromosome 7

MODY 3- petdAAagn otov HNF-1a chromosome 12

—MODY 4- petdAAagn otov uttokivnTh 1 TNG IVOOUAIVNG chromosome 13

MODY 5- petdAAagn otov HNF-13 chromosome 17

MODY 6- petdAAagn otov NDF1 (Neurogenic Differentiation Factor-1) chromosome 2
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AIABHTHZ TYTI0OY MODY

EMIAHMIOAOIIA

1-5% Twv TTEPITTTWOEWV 2A oTnV Eupwtmn

MODY

. N

GCK Trancription Factors INS CEL MODY X
22% 66% <1% <1% 11%

A/l\

HNF 1a HNF 4a HNF 18 NeuroD1
61% 4% 2% <1%




Pediatr Diabetes. 2013 Nov;14(7):526-34. doi: 10.1111/pedi.12032. Epub 2013 Mar 21.

The spectrum of HNF1A gene mutations in Greek patients with MODY3: relative frequency and
identification of seven novel germline mutations.

Tatsi C', Kanaka-Gantenbein C, Vazeou-Gerassimidi A, Chrysis D, Delis D, Tentolouris N, Dacou-Voutetakis C, Chrousos GP, Sertedaki A.

@ Author information

Abstract Open/close author information list

OBJECTIVE: Maturity-Onset Diabetes of the Young (MODY) is the most common type of monogenic diabetes accounting for 1-2% of the
population with diabetes. The relative incidence of HNF1A-MODY (MODY3) is high in European countries, however, data are not
available for the Greek population. The aims of this study were to determine the relative frequency of MODY3 in Greece, the type of the
mutations observed, and their relation to the phenotype of the patients.

DESIGN AND METHODS: Three hundred ninety-five patients were referred to our center because of suspected MODY during a period of
15 yr. The use of Denaturing Gradient Gel Electrophoresis of polymerase chain reaction amplified DNA revealed 72 patients carrying
Glucokinase gene mutations (MODY2) and 8 patients carrying HNF1A gene mutations (MODY3). After using strict criteria, 54 patients
were selected to be further evaluated by direct sequencing or by multiplex ligation probe amplification (MLPA) for the presence of HNF1A
gene mutations.

RESULTS: In 16 unrelated patients and 13 of their relatives, 15 mutations were identified in the HNF1A gene. Eight of these mutations
were previously reported, whereas seven were novel. Clinical features, such as age of diabetes at diagnosis or severity of hyperglycemia,
were not related to the mutation type or location.

CONCLUSIONS: In our cohort of patients fulfilling strict clinical criteria for MODY, 12% carried an HNF 1A gene mutation, suggesting that
defects of this gene are responsible for a significant proportion of monogenic diabetes in the Greek population. No clear phenotype-
genotype correlations were identified.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.
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AIABHTHZ TYTI0OY MODY

OMAAEZ

®» Ouada Twv JETaAAGCewV aTo yovidlo TG YAukokivaong (GCK)

®» Opada Twyv JETaANACEWY o€ peTaypa@ikoug Trapayovteg (HNF-4a, HNF-1a, IPF-1, HNF-1[3 kai
Neuro-D1)




levetikn taéivéunon Kai kAivikoi @aivorunol twv unotunwy MODY

fovibiaké¢  ‘Ovopa Asrtovpyia Mpwroyeviic  KAwviki
Tomo¢ yovidiou BAapn gIKova
MODY 1(20q) HNF4a Metaypagikdc mapayovrag  [dykpeac/alov  Neoyvikr umepivoouAvaipia,
| - o (mupnvik6c umodoxeac) | | dtaprng (veapoi eviAike)
MODY2 (7p)  GCK E¢okwvaon IV Maykpeag/qmap  Hma unepyAvkaipia
(vwpic otnv matdikr) nAikia)
MODY3 (12q) HNF1a/TCF1  Metaypagikd¢ mapdyoviac  [laykpeag MaBritng
(homeodomain)
MODY 4 (13q) IPF1 Metaypagikdc napdyoviac  Negpoi/maykpeac  MiaPrymng (ayeveoia maykpéatoc
(homeodomain) 0ToUC Opo{UYWTES)
MODY5(17q) HNF1B/TCF2b Metaypagikd napdyovrac  llaykpeag MaPrmg,
(homeodomain) 20vdpopo Neppikwv Kootewv &
MaBrtn, unomAaocia naykpéatog
MODY6(2q)  NEUROD1 Metaypapikoc mapdyovrac (bHLH) MaPritng (veoyvikd¢ kai o€ vea-
poUC EVMKEC)

\



Tovidrwo HNF-4a Glucokinase HNF-1a IPF-1 HNF-1b
Tomoc (MODY 1) (MODY 2) (MODY 3) (MODY 4) (MODYS)
YPOLOTOCMOMA 20q p 12q 13q 17q
Mocooto v 5% @ 65% <1% (MODY) 1%
TEPUTTDOCEMV
MODY
Khlvika ExdnAwon Exdniwon and  Exdniwon ExdnAwon oe Exdilwon oe
YoapoKIPoTikd  acBévelng ot NV yévvnon acBévewng oe VEOUG EVIIAMIKEG  VEOUG EVITAIKEG
gpnPovug/véoug £pnpovg/véoug
EVNAIKEG EVNAIKEG
ITpoiovoa Mikpn ITpoiovoa E&EMEN acapric  EEEMEN acaorg
vIEPYAVKOUpion  emdeivoom pe VREPYAVKOUiO.  TTPOG TO TAPOV TPOG TO POV
TNV NAkia
Mikpoayyelakég  Zvyveg ZTAViIES ZoyvES Atya dedopeva  Zuyveg
EMUTAOKEG
AAAeg Kappio Mewwpévo Mikpdg ITaykpeatikn Kvboteg veppov
EKONADCELG Bapog yévvnomng  veepikdg ovddg  ayevesia og Ipwreivovpio
v yAvokodn kor  opoluydteg Neppich
apvoZéa OVETAPKELL

H yAvkokivaon GUPUETEEL oV aviyvevon TV emmédwv tng YAVKOG amd 1o B-xdttapo. Or nmotikoi
mopnvikoi Tapdyovtag (HNF) kot o vokwvntig-1 wvoovAivng (IPF-1) eAéyyovv v petaypaen tov DNA oto B-

K0TTOpo Ko puBuilovv v avamtuén kot Asitovpyia Tov.



METAAAA=H ZTO N'ONIAIO THZ
TAYKOKINAZHZ (GCK) MODY 2

To yovidlo TNG YAUKOKIVAONG KWOIKOTTOIET Eva EVEUMO KAEIDI oTNV YAUKOLOECAPTWHEVN
EKkpion IvoouAivng (GSIR, Glucose Stimulated Insulin Release).

Ek@padleTal ota B-KUTTOPA KAl OTO ATTAP

KataAUTnGg o1o oXNUATIONO TNG PWOPOPUAIWONG TNG YAUKOZNG 0 PO POPIKN-6-YAUKOLN
EMUTTAEKOUEVN OTO TTPWTO BriMa Kal TNG YAUKOAUONG Kal TNG ouvBeong Tou YAUKOYOvou.

210 B-kUTTapa: «AiconTtipacg YAUKOZNG» PuBuioTrc TNG uwaopopuliwong TnS YAUKOING
270 NTTaP: Bonbd otnv amobrikeuon TNG YAUKOING o€ YAUKOYOVO

MeTaAAaceic otnv GCK odnyouv o€ eAaTTwpEVN YAUKOAUON Kal eEAaTTwpéEva etTiTreda ATP
Kal TEAIKG oTn dlaTapayuEvn EKKPION TNG IVOOUAIvVNG.

[MovTikia pe opoluyn METAAAAEN oTO yovidio TG GCK TTeEBaivouy TTEPIYEVVNTIKA aTTd cofapn
UTTEPYAUKQIMIa VW OI ETEPOCUYWTES AvaATITUCOOUV ATTIO dIABATN TTPWIKNG EKONAWONG TTOU
poialel pe GCK-MODY oTtou¢ avBpwtroug

>600 peTaAAGEEIC




METAAAA=H ZTO N'ONIAIO THZ
FAYKOKINAZHZ (GCK) MODY 2

‘Hma utrepyAukaiyia (etritreda vnoTeiag petacu 108-144mg/dl)

Avtatrokpivetal oTtn diaita Kal gival otaBepr dia Biou

H OGTT odnyei o€ pikpry augnon TnG YAUKOZNG opou HETA diwpo

H HbAlc ouvrBwc¢ dev utrepPaivel To 7,5%

H ouyxvotnTa PIKPOAyYEIQKWY ETTITTAOKWY E€ival JIKPN

Ouoluyec armrevepyorroIinTIKEC UETAAAGEEIC TOU YoVIDiOU TNG YAUKOKIVAONG 0dnyouvV o€
MOVIUO VEOYVIKO dIaBNATN.

ETepoluyecg evepyoTTOINTIKEG METAAAACEIC 0ONYOUV O€ ETTIMOVN UTTEPIVOOUAIVAIMUIKD
p?oy)\u)mlpia TNG VeoyVIKAG nAIKiag (Persistent hyperinsulinaemic hypoglycaemia of
infancy).

H etepoluyn popery MODY 2 d¢ xpelaletal ouvnBwc BeparTreia pe Caipeon TNV KUNoN
(iowg xpelaoBei xopriynaon IvoouAivng).




MODY Trou o@eilovTal o€ HETAAAGEEIS
YOVIOIWV HETAYPAPIKWY TTAPAYOVTWYV




HNFla

MODY 3

®» O HNF1a = g€Aog evOcg DIKTUOU METAYPAPIKWY TTAPAYOVTWY TTou KaBopidouv TNV
QVATITUEN KAl TN AEITOUPYIKOTNTA TWV B-KUTTAPWY. 2T0 iKTUO QUTO QVIKOUV KAl Ol
HNF4a, PDX1 kai HNF1.
[MepioodTEPEC aTTO 200 dI1aPOPETIKES PETAANAEEIC 0TO Yyovidio Tou HNF1a €xouv

TTEPIYPAPEI HEXPI ONMEPA.

= O diaBATNG avaTrTuocoeTal ouvABWG PETA TNV TTPWTN OEKAETIA TNG (WNG KAl N
ETTITITWON Tou aucavel petacu 10-40 eTwv.

®» O BaBuoc duoAcitoupyiag Tou B-KUTTAPOU AUEAVEI TTPOODEUTIKA UE TNV NAIKIa KOl
mOava va diaPEpel atrd ATOUo o€ ATOO.




HNFla

MODY 3

» MODY3 = Bapia yop@r dIaBnTn, ouxva e¢EAICOETAI OE IVOOUAIVOECAPTWHEVO
dIaBrTN KAl CUVODEUETAI ATTO MIKPOAYYEIAKES ETTITTAOKEG, AVTIOTOIXA ME QUTEC TOU
2A1 ka1 2A2

= O kapdlayyelakog Kivouvog TrapouaidleTal eyaAuTtepog oto MODY3 o€ oxéon Pe
Tov 2A1

®» O HNF1a ek@pdadletal Kol 0T KUTTAPO TWV VEPPIKWY OCWANVAPIWV JE ATTOTEAECUO
TNV TAQUTOXPOVN TTapoUCia Kal dlatapaxwy TNG VEQPIKNG AEIToupyiag, OTTwG
eAATTWHEVN 0UDO YAUKOLOUPIOG TTOU AVTAVAKAG AVETTAPKNA EKPPACN
YAUKOZOMETAPOPEWYV KOl TwWANVapIaKkr) OUCAEITOUPYiIa.




HNFla

MODY 3

» H popiakn diayvwon tTou HNF1a diaBnTn €ival onuavrikr, yiati g€ auTr) TN Jop®n
UTTAPXEI JEYAAN euaiocBnaia oTIC GOUAPOVUAOUPIEC.

®» OgpaTtreia apxIKA PE TTOAU pIKpEC DOOEIC ooUAPovUAoupiag, TT.X. YAuKAalidon 20-
40mg.




HNF4a

MODY 1

O HNF4a avrikel oTnV OIKOYEVEIQ TwWV UTTODOXEWV OTEPOEIDWV/OUPOEIDIKWY OPHOVWIV.

‘Exel katadeixBei 611 AITapd o€a paKpAg aAUCOU TPOTTOTTOIOUV TNV HETAYPAPIKI dpaoTNPIOTNTA TOU
HNF4a, kal auto mmlavd va aviavakAd 1o poAo Twv AITTWV TNS didITag oTnV €KKPIoN TNG IVOOUAIvNG.

Ta yovidla TTou cuppeTEXOUV JEow Tou HNF4a oTtnyv ék@paaon Tou KAIVIKOU @aivoTUTTou evToTTi(ovTal oThV
000 €KKPIONG TNG IVOOUAIVNG, KABWG Kal 0T HETAPOPA Kal METABOAIOUO TNG YAUKOING.

Eival xapaktnpioTiko 10 yeyovog 011 o HNF4a aAAnAemdpd pe Tov HNF1a, Tov PDX1 kail tov HNF-1B ota
TTAQioIa evOC TTEPITTAOKOU PUBUIOTIKOU IKTUOU, TO OTTOIO €ival ATTAPAiTATO YIA TNV AVATITUEN KAl TN
AcIToupyia Twv B-KUTTAPWV.

H KAV eikOva o€ opeic peTaAAadgewv otov HNF4a cival avtioTtoixn ye auth Tou HNF1a. QoTtdoo0,
UTTApPXOUV dIa@opEG OOV apopd Ta TTITTEdA AITTIOIWY APOU O TUTTOG AUTOG OUVODEUETAI ATTO XaUNAd
emritreda apoA1, apo A2 kai HDL xoAnotepdAng kai uwnAa etritreda LDL.

AKOMN XOPaKTNPIOTIKO gival TO augnuévo PBapog yévvnong (katd 800yp TTEPITTOU) KAl N TTAPOUCia
TTAPODIKNG VEOYVIKNG UTTOYAUKAIUIOG.

H Bepartreia ouvioTartal o€ xopr)ynon 0OUAPOVUAOUPIWY O€ PIKPEC OOOEIG.

O1 diatapaxEg Twv AImmdiwy Ba TTPETTEI va AVTIMETWTTICOVTAI OTTWG OTOUG UTTOAOITTOUG Ao Beveig he diapnTn.



HNF1p

MODY 5

O HNF1B ek@pdadletal vwpic Kata TNV ePPPUIKN (wr O€ TTAYKPEAGS, VEQEOUG, ATTAP KAl
YEVVNTIKI) 000

MODY 5 ouvodeueTal Kal atTd ECWTTAYKPEATIKEG EKONAWOEIG.

H KAIvIKR) €iIKOva XapakTnpidetal atrd diaBATn TTpwIKNG EVapgng ME Bapid VEPPIKH VOO0, EVW
OUVUTTAPXEI aVTioTaan oTNV IVOOUAIvI.

O oUXVOTEPOG PAIVOTUTIOG Eival AUTOG TNG UTTOTTAOCIAG TOU TTAYKPEATOG KAl TNG TTApOoUaTiag
VEPPIKWY KUOTEWV: KAIVIKO oUVOpOouOo VEQPIKWY KUuoTewV Kail diapntn (RCAD, Renal Cysts
and Diabetes).

AANEG VEPPIKEG DIATAPAXEG €ival N QUCTTAACIA, Ol AVWHAAIEG TNG VEPPIKNAG ATTOXETEUTIKAG
000U 1] N OIKOYEVNG UTTOTTAQCTIKA OTTEIPAPATOKUCOTIKI) VOO OC.

EmiTA€ov, £xouv TTEPIYPAQEI KAl AVWPAAIES TNG YUVAIKEIAG avaTTAPAYWYIKNS 000U KaBwG
KAl OUPIKA apBpiITIC.

To Bapoc yévvnong ouvnBwc utroAsitreTal katd 800yp, W ATTOTEAEOUA TNG EAATTWHEVNG
EKKPIONG IVOOUAIVNG KATa TNV €vOOUNTPIO {wr).

AOGYW TNG CUVUTTAPYXOUCAG ATPOPiac ToU TTAYKPEATOS KAl TG AVTIOTAONG OTNV IVOOUAIvVN, N
EVOEIKVUONEVN BepaTtreia ival n TTpwINN £€vapen IVoouAivng.




IPF1/PDx1

MODY 4

= To pancreatic duodenal homeobox-1 (PDx1) eival pia TTpwTEivn TG OTTOIAC N TTAPOUTia gival
ATTaAPAITATN YIA TNV AVATITUEN TOOO TNG EVOOKPIVOUG, 000 Kal TNG EEWKPIVOUG Moipag Tou
TTAYKPEATOG.

TTOTEAEI PUBUIOTA TNG METAYPAPNRS ONUAVTIKWY YOVIOiwV TNG EVOOKPIVOUC Oipag TOU
£ATOG OTTWG AUTWV TNG TTPETTPOIVOOUAIVNG, TOU YAUKOJOUETAPOPEQ-2 TNG YAUKOKIVAONG, aAAG
Kal/Tou yovIdiou TNG CWHATOOTATIVAG OTA O-KUTTAPA TOU TTAYKPEATOGC.

TEPOCUYEC METAAAACEIC 0ONYOUV OE PAIVOTUTTOUG aTTO dlatapayuévn avoxr YAUKOLNG £wG KAIVIKO
UN-IVOOUAIVOECOPTWHEVO BIABNATN.

2.€ Aiya TTa1d1A TTOU PEPOUV OPOLUYEC METAAAALEIC TTEPIYPAPNKE AYEVEDIQ TTAYKPEATOG.



NeuroD1

MODY 6

®» ATTOTEAEI HETAYPAPIKO TTAPAYOVTA TTOU dladpauaTifel onUAvTIKO POAO OTHV
QVATITUEN TOU TTAYKPEATOC KOl TOU VEUPIKOU OUCTAMAOTOC.

= AlaBATNG kal diatapayxec KNZ
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Kir6.2 kai SUR1 (MODY 12)

H avTAia kaAiou Tou B-KuTtTtdpou diadpauarilel
OnNMAvTIKO POAO OTNV EKKPION IVOOUAIVNG. AOMIKA
OuVvIOTA £va 8UEPEG TUUTTAOKO TTOU QTTOTEAEITAI
aTro 4 e0WTEPIKOUG dlauAoug kaAiou (Kir6.2) kai
4 eCWTEPIKEG UTTOPOVADEC UTTOOOXED
oouAgpovuloupiag (SURL).

To Kir6.2 ouvdeduevo ue ATP TTou TTpoEpxETal
atrd TNV EVOOKUTTAPIO YAUKOAUGOH 0dnyEi o€
KAEioIMO TOU dIAUAOU PE OTTOTEAEOUQ EKKPION
IVOoUAivne. H vnoTeia odnyei o€ eAATTwWPEVN
eVOOKUTTAPIO YAUKOAUON Kal JETABOAN Tou Adyou
ATP:ADP e atmmotéAeopa o diaulog kaAiou va
TTOPAPEVEI AVOIXTOC KAl VO avAOTEAAETAI N
EKKPION IVOOUAIVNG.

- AtrevepyoTroInTIKEG JETAAAAEEIC OTA yovidia TTou

KWOIKOTTOIOUV T OUO GUOTATIKA TNG AVTAIAG
kKaAiou Tou KCNJ11 (Kir6.2) ABCC8 (SUR1)
0o0nNyouvV O€ AUTOOWMIKI UTTOAEITTOUEVN
EMMEVOUCQ UTTEPIVOOUAIVAIUIKI UTTOYAUKQIUIC
Twv veoyvwyv (PHHI).
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WS patient age 15 yrs
W\

= 2TAVIO GUVOPOUO TTOU KANPOVOUEITAI JE TOV QUTOOWHIKO UTTOAEITTOUEVO
XOPOKTHPO KAl XapaKTNPICETal ATTO avaTiTugn 2A2 Kal onueia mpowpng yrnpavong,
00TEOTTOPWONG, ABNPOCKANPWONG, VEOTTAACIWV.

» 1/100.00 yevvnoeig

» MetaAAagn oTo yovidio WRN,xpwuoowa 8 (yripavon Kai un duvatotnTa
eTTgvadIopbwong DNA)

RS
a7

! o

WS patient age 48 yrs




Thiaminerresjponsivermegaloblastic

anemia (Roger’s syndrome)

= [lpokeiTal yia oTravio KAIVIKO oUVOPOUO TTOU KANPOVOUEITAl JE AUTOOWWMIKO
UTTOAEITTOUEVO XOPOKTAPA Kal guvioTaTal o€ HEYOAAOBAACTIKA avalyia TTPWIKNG
EMPAVIONG, oaKkXapwodn dIaBATN Kal veupoaiodnTnplaki Kwewaon.

® ‘Eyouv mrepiypagei NETAAAACEIC O€ Eva JEUPBPAVIKO PETAPOPED TNGS BEIapivnNG TOU
THTR-1. AtrotéAeopa TNG METAAAAENC QaiveTal va gival N AugnuEVN ATTOTITWON
KUTTAPWYV TTOU £XOUV UWNAOG pUBNO TTapaywyns VOUKAEIKWY 0EEWV, OTTWG TA
KUTTAPA TOU HUEAOU TWV OCTWYV Il KUTTAPWYV HJE UWPNAoOUC puBuoUC HETAQPPACNG
OTTWG TA B-KUTTAPA TOU TTAYKPEATOC.




AlCTopPaXES ECWKPIVOUG HoIPOIG

maykpeaTos (MODY 8)

® ‘Eyouv trepiypagei dUO OIKOYEVEIEC e 2A Kal diaTapaxr) TNG ECWKPIVOUG Hoipag Tou
TTAYKPEATOG UE METAAANAEEIC OTO YyoVvidio TNG AITTAong KapPoguAikwy eoTépwv (Carboxyl
Ester Lipase, CEL).

= O J1aBATNG OPEIAETAI OE AVETTAPKEIA TWV B-KUTTAPWV.

®» H 1TaykpeaTiKi ANITTONATWON ATTOTEAEI Eva TTPWIKO ATTEIKOVIOTIKO O€ikTn O0€ N diapnTika
TTaIOIA TTOU PEPOUV TN METAAAACN.




ViiToxevopIlakos Ol NTNG

MIDD(Maternally Inherited Diabetes and Deafness)

[Encephalopathy- strokes, seizures, regression }

= NeupoaioOnTnPIaKr KWEwWaon

Ly [ Deafness ] = AlaBATNG ouvRBwg oTn delTepn dekaeTia TNG JWNAG
= Kovté avaoTnua

[ Ptosis and ophthalmoplegia

[ Hormone deficiencies

Cardiomyopath
[ yops y] = H diatapaxn €xel arodoBei o€ avTiKataoTaon YIag

Baong oto pitoxovopiakd DNA (A3243G) tTou
ernpeddel o tRNALEU).

[Renal disease ] = H mAsiopneia Twv aoBevwV avTIMETWTTICETAI APXIKA YE
OOUAPOVUAOUpPiEG OANG PJETA ATTO 2 £TN TTEPITTOU

[Myopathy ] [ Anaemia ] OTTAITEITAI IVOOUAIV.

= H petoppivn Ba TTPETTEI va aTTOPEUYETAI KivOUVOG
YOAQKTIKNG 0&€woNG.

(Liver failure] [Diabetes ]

[Enteropathy ]

[Neuropathy ]




EvOOTTAAOHATIKO OIKTUO
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Z0vopopo Wolfram (WFS-1)

Eival yvwoT16 ka1 wg DIDMOAD (Diabetes Insipidus
Diabetes Mellitus Optic Atrophy and Deafness)

2TTAVIA TTPOOOEUTIKN VEUPOEKPUAIOTIKNA dlaTapaxn
KAnpovoueital ye ToV UTTOAEITTOUEVO QUTOOWMIKO

XAPOKTHPA.

Aladyvwaon= 2A IvOOUAIVOEPCOPTWHEVOC +
TTPOODEUTIKI ATPOPIA OTITIKWYV VEUPWV
ydpw+olapapTiec KN

To utTeUBuvo yovidlio oTo Xpwudowua 4p16.1
KWOIKOTTOIEI TNV TTPWTEIVN Wolframin, pia
OIOUENBPAVIKI TTPWTEIVI TOU EVOOTTAQOUATIKOU
OIKTUOU.

H wolframin €ivai diauAog aoBeaTiou kal @aiveTal OTI
N eEAQTTWHEVN dpAon TNG odNnyEi o€ dlatapaxn Tou
EVOOTTAACMATIKOU DIKTUOU KOl au¢nuéEvn atroTITwaon
ME QTTOTEAECHA TNV ATTWAEIQ TWV B-KUTTAPWY Kal TN
VEUPIKA EKQUAION,.

Central Nervous System
Heanng loss

Balance & cooedination probiesrs

requitr breathing
Loss of sense of smel
Loss of gag refiex
Muscie spasms
Selrures

Behavior problems

Depresson

Gastrointestinal System

Ulcers
(Wollram syndrome type 2

Bleeding

Peripheral Nervous System

Peripheral neuropathy

‘ :
-
=

Ophthalmologic System

Yison loss

Endocrine System

Insulin shortage
dabetes meltun

Ptustary gland
dysfunction
diabetes Inspdus.

Urogenital System

Reduced testosterone
(males

Duct obstruction
Disrupted urination
Incontinerce

High-Capacty sona
bladder



2Uvopopo Wolcott-Rallison (EIF2-AK3)

2TTAVIA AUTOOWMIKI UTTOAEITTOUEVN
dlarapaxr Tmou XapakTtnpiletal atro

€ d10BATN TTPWIUNG £vapénc (VEOYVIKOG N
Kal apyoTePQ)

@ duoTTAagia Twv €TIPUOEWV

@ veppIKA aveTTApKEID
@ olcia NTTaTIKA AVETTAPKEIQ

® KaBuaoTépnon avaTTuEng

O d1aBNATNG oPeiAeTal O ATTWAEIQ TwV B-
KUTTApWV Kai Xprdlel xoprnynong IvoouAivng




MeTaAAdageig Tou yovidiou
NG IvoouAivng (MODY 10)

TOU YOVIOIOU TNG IVOOUAIVNG O€ ATOUA UE VEOYVIKO
dlapNTN.

O d1aBATNG epavioTnke TV 9n €BOouGdQ, e
dIaBNTIKA KETBCEWON KAl ApVNTIKA AUTOAVTIOCWUATA
EVAVTI TWV B-KUTTAPWV.

Ol HEPAANAEEIC EVTOTTIOTNKAV O€ KPIOIUa onuEia Tou
iPU TNC TTPOTTPOIVOOUAIVNG, TTOU 0dNYyouV o€
VuJuaAia TNG avadiTrTAwaong TNG TTPWTEIVNG UE
TIPTEAEC A TN YPrYyopPn AtTodOuNCN TNG TTOU
OKOAEI EVTOVO Stress oT1o evOOTTAACUATIKO QIKTUO,
QATTOTEAEOUA ATTOTITWON TWV B-KUTTAPWV.

‘Exouv mrepiypa@ei Tepitrou 10 eTePOlUYEC HETAANACEL
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\ 1 Flanking cleavage sites
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© MODY10
PNDM
Hyperproinsulinemia
@ Hyperinsulinemia
@» Type 1b
@ Recessive



AAAEC YEVETIKEC AVWMOAIEC

O£ olkoyevh dlaBNTN oTnVv evnAIKo (Wi

2.€ MEMOVWHMEVEG OIKOYEVEIEG UE DIABNATN TTPWIMNG EVAPENG €XOUV EVTOTTIOTEI HETAAANACEIC KO OE
TEOOEPA aKOun yovidia.

= To IB-1 (Islet brain-1) gival TTpwTeivn pUBPICTIKA TNG ATTOTITWONG KAl METAAAALH TNG O€ PIa
OIKOVEVEIO OUOXETIOTNKE PE OIaBATN.

» /10 Islet -1 arroTeAei yeTaAypaAPIKO TTAPAYOVTA TTOU OXETIOTNKE ME OIaBATN O€ Wia
laTTWVIKK) OIKOYEVEIQ

= O trapayovtag Kruppel-like 11 (KLF 11) kwdIKOTTOIEl £va JETAYPAPIKO TTAPAYOVTA TTOU
emmayeral atro Tov TGF-B kal puBpilel Tnv avaTrTugn TnNS ECWKPIVOUG JOoipAas TOU TTAYKPEATOC.

= Mia yeTaAAagn oTo yovidlo TTou KwOIKOTToIEl TO VU0 TpavoyAouTauivaon 2 (TG2) BpEbnke o€
Mia oikoyévela e MODY dcixvovTag OT11 diatapaxr) o€ auTtd To EVCUUO UTTOPET va 0dnyrnoel o€
QVETTAPKEIQ EKKPIONG IVOOUAIVNG.



inical Endocrinology (2011) 75, 422-426 doi: 10.1111/;.1365-2265.2011.04049.x

CLINICAL QUESTION

Who should have genetic testing for maturity-onset diabetes of the
young?
Rochelle Naylor and Louis H. Philipson

ents of Medicine and Pediatrics, The Kovler Diabetes Center, The University of Chicago, Chicago, IL, USA




Update on MODY

All patients with diabetes diagnosed before 45 years of age

'

Diagnosed <6 months

i

Genetic test for neonatal diabetes

¢

y
' In.suhn. from dlggno.81s - Diagnosed <30 years
- Diabetic ketoacidosis N .
- Positive -cell autoantibodies + Absence of insulin resistance

-DM in at least 1 individual <25 years
in at least 2 generations
Yes
v i No
Probable TIDM Probable T2DM
y
C-peptide >0.2 nmol/L NEE
B-cell autoantibody negative
Yes i
v
MODY genetic testing

Fig. 1. Diagnostic algorithm for maturity-onset diabetes of the young (MODY). T1DM, type 1 diabetes mellitus; T2DM, type 2

diabetes mellitus.



\

Ougnom of T1DM with 21 of the following:

Negative pancreatic autoantibodies
Evidence of significant endogenous insulin

production beyond the honeymoon period,

¢4, detectable c-peptide 3-5 years after
diagnosis

™

/

Dhmom of T2DM with 2 1 of the following:

.

Normal weight or only mildly overweight
(BMI <31 kg/m2)

No signs of insulin resistance (no acanthosis
nigricans, normal fasting Insulin level)

No signs of metabolic dysfunction

\

Y,

\.

Diagnosis of either TIDM or T2DM with:
family history of 22 unilineal consecutive

generations with IFG, GDM, or DM
21 non-insulin dependent individual

~

Genetic testing for monogenic diabetes

~

*  Stable, mild fasting
hyperglycemia present from
birth

*  HbAlc <59 mmol/mol

Assess GCK

i

Ve

*  Young onset of progressive
diabetes
¢ Sensitivity to sulfonylureas

Assess HNFI1A
If negative, assess HNF4A

e

\

\ *  Developmental kidnoy discase
*  Genltourinary anomalies

Assess HNFIB

£\, J

Generally, no treatment required
follow hemoglobin Alc perfodically

Low-dose sulfonylureas

complications are common and related

to overall glycemic control

Best therapy Is unclear
close monitoring is necessary




Na petaAAageic Tng GCK

= ‘Himia utrepyAukaipia vnoTeiag (99-153 mg/dl), epypévouoa kai otabepn yia
LMEYAAO XPOVIKO OIAOTNA.

» HpbAX1c tTou oTraviwg eival peyaAutepn atro 7.5%

= 2e OGTT auEnon ouykévipwong YAUKOZNS TTAGouaTog atro 1o Xpdvo 0 oTov
120 pikpoTepn atro 83mg/dl.

['oveic JE avTiOTOIXNG MOPEPNG UTTEPYAUKAIUIQ.



[a yetaAacelc Tou HNFl1a

® ‘Evap¢n o€ pIKPN NAIKIA, TOUAGXIOTOV aKOUN £va TTACXOV MEAOC TTOU eu@avioe ZA TTpiv 1a 25 £1n.

» EV5£I§€I§ vOOoyeVOUC TTapAYywWYNGS IVOOUAIVNG ME aTTOUdia KETWONG Kal aviXveUuoiuo C-TTeTTTidIo0

® |oOXUPO OIKOYEVEIAKO IOTOPIKO PE TTAOXOVTEC OE TOUAAXIOTOV 2 VEVIEC
®» ApvnTIKA QUTOAVTICWHATA VNOIBIWV KATA TN dlAyvwan

» ['Aukoloupia o¢ etritTrteda yYAukolng <180mg/dl

»/ MeyaAn euaioBnoia oTIC COUAPOVUAOUPIEC

ATtToucia TTaxuoapkiag, yeAavilouoag akavlwaong, avriotaong otnv IvVoouAivn pe C-TTeTrTidlo
VNOTEIOG EVTOG PUOIOAOYIKWY 0OPiwVv, N €BVIKOTNTA YE XAUNAO ETITTOAAOMO 2A2, OTTWG TT1.X. AEUKOI
Eupwrtraiol.




[a petaAAaceic Tou HNF4a

» Otav o €Aeyxoc yia 1o HNF1a gival apvnTIKOS aAAQ UTTAPXEI
loxupn utroyia

® > € BPEPN UE IOTOPIKO VEOYVIKNG UTTOYAUKAIUIOG TTOU
avTatrokpiOnkav otn d1aloceidn Kal IoXUPO OIKOYEVEIAKO
I0TOPIKO d1aBNTN.




5 \ '
Transient /T est for 6q24 UPD', If negative Test for ABCC8 and

neonatal duplication, or p
diabetes \nemysaﬁon defects \gliLousatos /
§ .

© Test for INS and
HNFI1B mutations

f negative

Test for KCNJTT /[ R

Permanent mutations and 6q24 f negative o negative

neonatal UPD!, duplication, or e :
diabetes methylation | -

defects® , o %

S t Test for relevant
Syndromic /

r):qeonatal; syndromes based

diabetes \on clinical features

Male with / Test for IPEX

immune syndrome . o
dysfunction® Journal of Diabetes Investigation Volume 2 Issue 3 June 2011

B | Approach to genetic testing for neonatal diabetes. *UPD, uniparental isodisomy. *if it is unclear if diabetes is permanent or transient,
testing for both KCN\J71, the most common cause of permanent neonatal diabetes, and 6q24 chromosome abnormalities, the most common cause
of transient neonatal diabetes, should be pursued. Simmune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) should be considered as
a potential cause of syndromic necnatal diabetes in males when associated with immune dysregulation, enteropathy and autcimmune endocrino-
pathies. It additionally can cause antibody-positive neonatal diabetes.



2YMIMEPAZMA

v" O hovoyovidlakog d1aBATNS gival aTTaviog

V' ZAMEPO N MOPIAKN YEVETIKN:
ATTOKAAUYE IKavO apIiBuo yovidiwv TTou euBUvovTal YIa TIC HOVOYOVIDIOKEC HOPPES
TOU d1aBNATN
oNBnoe oTNV KATavonon TwV TTEPITTAOKWY PUNXAVIOUWYV TTOU AEITOUPYEI TO [3-
KUTTOPO
[TapAAANAa pe TN HEAETN TOU Povoyovidlakou dIaRrTn avoiyel vEoug opioVTEG yia
TOV TTOAUYOVIOIaKO d1aBr TN TUTTOU 2

v O povoyovidiakog diapriTng kai 1diaitepa o MODY va ynv UTTOEKTIYATAI VIOTI N
XPOVIa UTTEPYAUKQIUia odnyEi O€ ETTITTAOKEG

v" Mnv gexvaue 10 KaAd 10TopIko !




Fannlle

Iu

Mutatlon

Dnabetes
Analysen
Pzréijh'o'si'
f.iutalnon

Ristko

Prognose
Risiko
Familie

Are

Familienanmnese

'/V| ODY-

Diabetes

Instlin
R|3|ko

lieNnanmnes

Prognose
Leltlmlen

Ar nly en

[
Diabetes

RiSikO P."Li‘u’lh',’.‘f‘
RlSlko Leithnien

Diabetes
f mnhe
Y Ta Matatian
MOD
Prognose Analyten
Mutation  Analysen
Diabetes
Lenthnsen . -
Risiko Familie
Dabetes  Risiko

MODY
Familie
Risiko

Dlabetes
Monog

5* '-> Umclsuchungen A

- -Therapie

.......

Berétd’hg
Mutation /=i

F N l .
Mutation MO
MODY ‘,_,,
Leithraer

Pro )r; 58 ram:lw

Familie '* ‘_'
,-,_151()1'

Analyven el
' Familie
Prognos

w Andlysen

RISIkO RlSIkO

A |
3 TATAN ")
/\I!:l ¥y i

Labore

EuxapioTw Yyid TNV TrPOToY Tag



