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Maonogenic Diabetes
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Yang Y, Endocr Rev, 2016



Beta hiicre fonk. bozukluk mekanizmasi

Gen/Mutasyon

Hiicre sayisinda azalma

Pankreatik aplazi IPF1 homozigot
PTF1A
Beta hicre gelisiminde azalma HNF1B
Metabolizmada yavaslama
Glukoz algilamasinda azalma GCK

Metabolizmada yavaglama

Mitokondrial mutasyonlar
HNF1A

HNF1B
HNF4A
IPF1 heterozigot
Membran depolarizasyon defekti
KATP kanal kapanma bozuklugu KCNJ11
ABCC8
Beta hticre yikiminda artma
immun aracili yikim FOXP3
INS
Endoplasmik retikulum stresi EIF2AK3
WFS1
Artmis apopitoz (belirsiz) HNF1A
HNF4A

Mitokondrial mutasyonlar

MC Carthy MI, Diabetes, 2008



MONOJENIK DIYABET

-Neonatal DM
-MODY
-Otoimmun Poliendokrin Sendrom- Tip 1 (AIRE gen mutasyonlari)

-X'e bagli Poliendokrinopati-Immun Bozukluk-Diare (Scurfy Gen)

Williams’ Textbook of Endocrinology, 13th Ed



Cok nadir monojenik DM tipleri

-Karboksil ester lipaz (CEL) gen delesyonlari (DM ve pankreas disfonk.)

-Mitokondrial genomda mutasyonlar (Mitokondri iligkili DM)

(MELAS; Mitokondrial miyopati-Ensefalopati-Laktik asidoz-Strok benzer
ataklar

-Wolfram Sendromu (DIDMOAD)



Characteristics of Monogenic Diabetes

Causos
Type of Intrautering
Typa of Typical Aga Inheritance Growth Transient or
Diabatas Gane or Syndrome Affected Protein How Common? at Dnsat or Mutation Restriction? Permanent? Treatment
Meconatal diabetes mealitus (NDM) irare; occurs in about 1 of every 100,000 to 500,000 fwe births]
Permanent neonatal disbetes melitus (PNDOM) (50% of all cases of NDRM)
PO KCNTT KirG.Z Most common 3 to & months Autosomnal Yes Pemmanent Ithis Treated with tnsufin in the
type of PNOM dorminant gene also causes past but often can be
(109 & transient form treated with oral
Spontaneous of MO sublfonwylureas
PHDM ABCCE SUR1-sulfonylurea Para 1 1o 3 months Autozomial Mo Permanent lthis Traated with insulin in the
receptor 1 domenant gene also causes past but often can be
(129 of & transient form trested with oral
MDM cases) of NDOMI sulfonyluraas
Spontaneous
PRDM GCK Glucolkinase Fara 1 wasak Autosomal Yeg Parmanant Insulin
TECEEsvE
PHOM IPFT; also known In=ulin promoter Hare 1 wask Autosomal Yes Permmanent Treat to replace endocnne
a5 POX7 factor-1 Tecessive and exocnne pancreas
functions
PHOM PTE1A Pancreas transcription Rara At berth Autosomnal Yes Permanent Traat to replace endocring
factor 1 A TECESENE and BX0CMnE pancreas
functions
PHNDM FOXP3, IPEX Forkhead baox P3 Rara Sometimes Hlinked Yes Pemanent Imzulin
syndrome present at berth
PHOM EIF2AK3, Wolcot:- Eukaryotic translation Rare 3 manths Autosomal Yes Parmanent Insulin and treatment for
Rallison mitation factor TECEEEIVE associated condrtions
syndroma Z-alpha kinase 3
Transtent neonatal diabetes mellitus (TNDMI (50% of all cases of NDMI
THDM FACHYMAL FAL: pleomorphic Most common Birth to 3 months Autosomal Yes Transzient Inmally, traat wath msuling
adenoma gend-ike form of NDM domenant reduce dosage a=
1 or PLAGT Spontaneous needed; when diabetss
HYMAE hpdatitorm recurs, treat with dist
mole-associated modification and
and mprinted phiyeical actvity; may
transcript also require insuln
THDM ABCCE SUR1:sulfonyluraa Rara Birth to & months Autosomal Vanes Tranzment (this gans Oral sulfenylureas
receptor 1 domenant slso causes a
Spontaneous permanant form
of NDM)
THDM KON KirB.2 Uncommon cause Birth to & months Autosomal Yes Transwient (this gene Cral sulfonylureas
of THDM but dominant also causes a
Most Commaon Spontaneous permanant form
causa of PHDOM of NDMI
THDM HNF1 § (betal; also Hepatocyta nuchear Hara Birth to & months Autosomal Yes Transment Insulin
known a= factor 1B dominant
HNFIB [BO%e
Epontansous

Williams’ Textbook of Endocrinology, 13 th Ed, Ch 32, pg 1459



Neonatal diabetes

VN
45% 10%

45%
Transient Permanent  Syndromes
(TNDM) (PNDM) & Pancreatic

11%\ 15% 13%f 6% § 45%
PTF1A

6gZAC KCNJ11 ABCC8 INS GCK o

HNF1B
IPF1

MC Carthy MI; Diabetes, 2008
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Format Abstract - Sendto~

Diabetes. 1975 Jan;24{1):44-53.

A difference between the inheritance of classical juvenile-onset and maturity-onset type diabetes
of young people.

Tattersall BB, Fajans S5,

Abstract

A difference in the inheritance of diabetes has been shown between the families of twenty-six patients with maturity-onset type diabetes of
young people (MODY) and families of thirty-five patients with classical juvenile-onset diabetes (JOD). In the families of MODY: 1) twenty-two
of twenty-six (85 per cent) propositi had a diabetic parent, 2) 46 per cent of families showed direct vertical transmission of diabetes through
three generations; 3) of forty-seven tested siblings twenty-five (53 per cent) had latent diabetes; 4) the diabetic phenotype in the families was
consistent, most affected individuals having a noninsulin requiring type of disease. These findings are compatible with autosomal dominant
inheritance of MODY, although they do not exclude multifactorial inheritance. In contrast, in the families of JOD: 1) only four (11 per cent) of
propositi had a diabetic parent; 2) three generation inheritance was found in only two (6 per cent) of JOD families, and 3) of seventy-four
tested siblings eight (11 per cent) were diabetic. This difference provides further evidence of genetic heterogeneity in diabetes mellitus and
indicates that there is a need for careful definition of the phenotype of diabetes in populations in which the genetics of diabetes is to be
analyzed. Diabetes 24:44-33, January, 1975.

Prevalans
Cocuklarda 21-45/1 milyon  Erigkinde 100/1 milyon
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Characteristics of Monogenic Dishetes—cont'd

Causes
Typa of Intrautering
Type of Typical Age Inheritance Growth Transient or
Diabetes  Gene or Syndrome Affected Protein How Comman? at Onsat or Mutation Restriction?  Parmanent? Treatment
Matunty-onset diabates of the young (IMODY) (1% to 5% of all cases of diabetes in the United States]
MODY 1  HNFid Hapatocyte nuclear Rare Adolascence or Austozomal No Pamanant For most, oral
factor da (alphal early adulthood dominant sufforylureas;
some patients
may need insuln
MODY 2z  GOK Glucokinazs MODY 2 and Mild hyperghyce- Austosomal Lower than Pamanant Dist modication and
MODY 2 mia may b dominant nommal physical actnry;
acoount far present at berth; barthy medications usually nat
about twao otherwise, early weight required; some patients
thisds of all childhood £an occur do not require any
casas of MODY treatmant dunng
MODY 2 iz the chitdhood
sacond most
common form
of MODY
MoDYz  TCH Hepatic nuclear factor~ MODY 3 iz the Adolascence or Austosomal Mo Parmanant Intially, treat with dist
Ta talphaj ar most common aarly adulthood dominant modification; can be
HMF 1 lalphat or form of MODY treated with oral
HHF1A sulforylureas; some
patients may need
inztlin
MODY 4  |PFT; also known Insulin promioter Rars Early adulthood; Austosomal No Permangnt Cral sulforduress; some
as POXT factor 1 can presant dominant patients may nesd
latar nsulim
MODYs  TCR2 Hepatic nuclear factor~ Rare Adolascance or Austosomal Nao Permanant Inzulin; patients also may
18 [betal or early adulthood dominant need freatment for
HNF1E related condions such
a5 kidnay fadure or
cysts
MODYE  MNewol? or BETAZ  Maurogenic Rars In the fourth Aurtozomal No Parmanant Inzulin
differantiation decada of ifa dominant
factor 1

Williams’ Textbook of Endocrinology, 13 th Ed, Ch 32, pg 1460



MODY 1----
MODY 2----
MODY 3----
MODY 4----
MODY 5----
MODY 6----
MODY 7----
MODY 8----
MODY 9----

HNF4 a

Glukokinaz [GCK]

HNF1 o [HNF1A ]

Pankreatik ve duodenal homeobox 1 [PDX1/IPF]
HNF1 3 [HNF1B]

Norojenik diferansiyasyon 1 [NEUROD1]
Krappel-like factor 11 [KLF11 ]

Karboksil ester lipaz [CEL]

Paired box gen 4 [PAX4]

MODY 10---Insulin [INS]

MODY 11---B-lenfosit kinaz [BLK]

MODY 12---ATP-baglayici kaset, altaile C, Uye 8 [ABCCS]

MODY 13---Potasyum kanal, ige-dogru rektifiye edici, altaile J, liye 11

[KCNJ11] Anik A, J Pediatr Endocr Met, 2015



MODY KARAKTERISTIK OZELLIKLERI
-Otozomal dominant kalitim

-Erken baslangich diyabet (<25 yas)
-Otoimmun belirtecler----Negatif
-Instilin direng belirtegleri---Negatif

-Endojen insulin salgisi-----Pozitif



MODY 3-HNF1a mutasyonlari (%30-50)

-1247 gen taslyan ailede 414 farkli mutasyon (+)

Temel sorun
-Azalmig insulin salgisi
-llerleyici B-hlicre hasarl

Lab-klinik

-YUuksek penetrans

-Glukozri

-Mikro-makrovaskuler komplikasyonlar Tip 1-Tip 2 DM ile benzer
-Sulfonilure duyarlilig




(n=196) (n=283)

MODY3 Non-MODY3
n? n P value
At diagnosis
Female/male 196 120176 (61.2)° 283 1317152 (46.3) 0.0015
Euro-Caucasian/others 192 168724 (87.5) 218 173105 (62.2) <(.00071
Three or more affected generations 193 106/87 (54.9) 272 00182 (33.1) <0.0001
Age (yr) 195 21 (5-70) 282 30 (4-69) <0.0001
BMI (kg/m?) 137 22.3(14.2-42.2) 225 249(15.6-48.7) <(0.0001
Symptoms (nofyes)® 184 139/45(75.5) 274 177/97 (64.6) 0.014
HbA1c (%) 65 8(5.2-133) 68 104(53-16.7) 0.0001
Fenotip Degisken

Tani yasi----%40 olgu >25 yas
Tanida ------%28 olgu VKI >25kg/m?
Ailede DM oykusu 3 jenerasyondan az olan---%45 olgu

Semptomlarla tani ----------------==mmere e %25 olgu
Bellanne” -Chantelot C, JCE&M, 2011



MODY 1------ HNF4a mutasyonlari (%10)

-103 farkl mutasyon tanimlanmistir
Temel sorun
Azalmis insulin salgis

Lab-Klinik
-Neonatal hiperinsulinemik hipoglisemi ve Makrozomi

-Dusuk trigliserid-HDL-apolipoprotein A1 ve A2
-Mikrovaskuler komplikasyonlara yatkinlik

-Sulfonilurelere duyarli



MODY 2-GLUKOKINAZ (GCK) mutasyonlari (%30-50)

600 Uzerinde farkli mutasyon

Temel sorun
-Fosforilasyon defektine bagli azalmis B hucresi glukoz duyarlilig!
-Azalmis KC glukojen depolanmasi
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Fajans SS, NEJM, 2001



MODY 2-GLUKOKINAZ (GCK) mutasyonlari

Lab-Klinik

-Asemptomatik

-Ebeveynlerde Tip 2 DM ya da Gestasyonel DM oykusu
-Ebeveynlerde hafif aclik hiperglisemisi (99-153mg/dI arasi)
-Pankreatik otoantikorlar negatif

-Glukoz ile uyarilmig insulin salgisi K$=118-129.6mg/dl civari
-HbA1c nadiren %5.3-5.9'u gecger (>%7.5 MODY-GCK degil)
-OGTT'de 120.-0 dk glukoz farki <54mg/dl (genelde)
-Mikrovask. komp nadir




Mikro-makrovaskuler komplikasyonlar ve GCK-MODY
(260 olgu, 42 aile) (hiperglisemi tani yag1=25x17 yil)

-Proliferatif retinopati---<%4

-Proteinuri---------------- %6

-Noropati ---------------- %4

VK227 e %10
HTN---------m e <%15

Velho G, Diabetologia, 1997



MODY 5-HNF1B (%35) (Renal Kistler ve Diyabet Sendromu)
Bildirilmis 65 farkli heterozigot mutasyon

Temel sorun

Insiilin salgisinda azalma

Lab-klinik

-Pankreas disi bulgular; renal kistler, genital anomaliler
(kadinlarda), azospermi

-Renkli fenotip---Insilin direnci*

-Instilin gereksinimi




ETKILENEN GEN
(<%1)

MODY 4 -PDX1/IPF1
MODY 6-NEUROD1

MODY 7-KLF11
MODY 8-CEL

MODY 9-PAX4

MODY 10-INS
MODY 11-BLK
MODY 12-ABCC8

MODY 13-KCNJ11

FIZYOPATOLOJI

Pankreas gelisim bozuklugu

B-hticre fonksiyonlarinda gelisimsel
bozukluk

B- hiicrelerinde azalmig glukoz duyarliligi
Azalmig ekzokrin ve endokrin pankreas
fonk.

B-hucre apopitoz ve proliferasyonunda
etkilenme

Insiilin geninde heterozigot mutasyonlar

Insiilin salgisini etkileyen heterozigot
mutasyonlar

ATP-duyarli potasyum kanallarinda
disfonksiyon

ATP-duyarli potasyum kanallarinda
disfonksiyon

KLINIK BULGULAR

Ortalama tani yasi 35
OAD ve instlin gereksinimi (+)
Eriskin baglangicli DM

Tip 2 DM’e benzer

Otozomal dominant DM

Ketoasidoz riski (+)

Ortalama tani yasi <20 yil

OAD ve insulin gereksinimi (+)
Yiksek VKI'lerde yiiksek penetrans
MODY-HNF1A/4A’lara benzer

Fenotip heterojendir



MODY 4-PDX1 mutasyonlari (<%1)

Pankreatik ve duedenal homebox 1 (PDX1 ya da IPF1)
Temel sorun

Pankreas gelisim bozuklugu (homozigotlarda pankreas
agenezi)

Lab-klinik

Ortalama tani yasi 35 yil

OAD ve insulin gereksinimi

Mikro-makrovaskuler komplikasyonlar

Obezite*

Fajans SS, Translational Res, 2010



GENETIK TANI NEDEN ONEMLIDIR?

-Dogru tedavi saglar

-Prognozu belirler

-Eslik edebilecek anomalilere dikkat ceker

-Alle taramasint mumkun kilar



GCK HNF1A  HNF4A HNF1B

100 - 100 - 100 100
Decrease No change Increase Decrease
_ 80{ 550¢ 80 - 80 790g ©{  900g
o
2 60 - 0
o
= 40 40
O)
<C
&
20 4
o
o
- 0
mutation ion ° ion ° '
mutation mutation = tation mutation = tation mutation  tation

FETUS

MC Carthy M, Diabetes, 2008
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Shields BM, Diabetologia, 2012



MODY (n=594), Tip1 DM (n=278), Tip 2 DM (n=319)

MODY ve Tip1 DM MODY ve Tip 2 DM

Dusuk HbA1c Dusik VKI

Ebeveynde DM (+) Ebeveynde DM (+)

Kadin cinsiyet Kadin cinsiyet

Daha ileri yasta tan Daha genc yasta tan
DusUk HbA1c

OAD/ insulin kullanmamak
(ROC AUC >0.94)
www.diabetesgenes.orq

Shields BM, Diabetologia, 2012


http://www.diabetesgenes.org/

OZELIK MODY TiP 2 DM

Kalitim yolu Monojenik, OD Polijenik (Gen-gen, Gen-gevre
etkilesimi)

Ortaya ¢ikis yas! Cocukluk, Ergenlik, Geng Eriskin (40-60 yas arasl
erigkinlik (<25 yas) (Obezlerde daha erken)

Pedigri Gnll. Multijenerasyonel Nadiren Multijenerasyonel

Penetrans (%) %80-95 Degisken-Gnll. %10-40

Vicut tipi Obez degil Obez

Metabolik Sendrom (IR, HTN, Yok Var

Hipertrigliseridemi)

Fajans SS, NEJM, 2001



Ozellik Tip 1 DM Geng GCK HNF1a HNF4a HNF1B
Tip 2 DM MODY MODY MODY MODY

insiilin Var Yok Yok Yok Yok Yok

bagimhhig

Ebeveynde oA Sikiia Evet Evet Evet Evet

DM

Cikis yasi Bay-Geng Adolesan-Geng Dogumla (herhangi yasta) Adolesan-Geng Adolesan-Geng Adolesan-Geng

Obezite Toplumla benzer Var Toplumla benzer Toplumla benzer Toplumla benzer Toplumla benzer
ANigrikans Yok Var Yok Yok Yok Yok

Glisemik Viksek Degisken Haff Yiiksek Yiiksek Yilksek

durum

OGTT 120.dk-0.dk>63mg/dI 120.dk-0.dk>63mg/dI 120.dk-0.dk<54mg/dI 120.dk-0.dk>63mg/dI 120.dk-0.dk>63mg/dI 120.dk-0.dk>63mg/dI

Stimiile <200 500->1000 100-900 100-700 100-700 100-700

c-peptit

(pmol/L)

Pankreatik %80-90 (+) %1-20 (+) <%1-kontrolle benzer <%1-kontrolle benzer <%1-kontrolle benzer <%1-kontrolle benzer

otoab

Tedavi instilin OAD-Insiilin Nadiren gerekir SU hassas SU hassas instilin

insiilin gerekebilir insiilin gerekebilir

Mikrovask Sik Sik Nadir Sik Sik Sik

komp.

Pankreas ok Yok Yok Glukoziri Makrozomi Renal kistler

Dustk LDL Genitolriner
disi Diisiik apolipo- gelisimsel
bul Mcdonald TJ, Ann|Clin Biochem,2013 A1-A2 anomaliler
ulgu

Yiksek LDL




90

80

70

60

50

40

30

20

10

|A-2 antibodies only
B GAD antibodies only
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Type 1 diabetes
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MODY (n=508)

GCK, n=227
HNF-a, n=229
HNF4a, n=52

Tip 1 DM (n=98)

McDonald TJ, Diabet Med, 2011



TANI-devam

-1,9-anhidroglusitol (1,5 AG)

-h-CRP

-Serum lipid paneli

-C-peptit (idrar c-peptit/kreatinin = 0.2, sensitivite; %97, spesifite;%96)

Colclough K, Hum Mutat,2013
Mc Donald TJ, Diabetes Care, 2011
Besser RE, Diabetes Care, 2011



Total Sample Screened
(n = 586)

MODY — MODY +
(n = 539) (n = 47)
Demographic characteristics

Male gender 41 % 38%
Race/ethnicity

Non-Hispanic white 33% 36%

African American 34%6 20%

Hispanic 23% 31%

Asian/Pacific Islander 9% 11%

Other/unknown 1% 2%

Clinical/biochemical characteristics
ascertained at the time of the
SEARCH study visit

Age at diagnosis, v 133 =3.1% 11.5 % 3.9
Age at the research visit, y 15.2 = 3.2 13.6 = 3.4
Diabetes duration, v 1.6 = 1.8 ALZ = VT
Parental history of diabetes, % 51% 50%
Alc, % A P 6.8 = 1.5
Weight, kg 88.2 + 31.4° 65.5 = 29.6
Height, m 164 X 0.147 1. 572 B.18
BMI, kg/m*~ 32.4 + 10.3¢ 254 + 7.5
B [\/ —_ccore 2 i 0= + 0

Fasting C-peptide. ng/mL

Fasting C-peptide, ng/mL, adjusted by
zBMI (*=SE)

hsCRP, mg/dL”

hsCRP, mag/dL, adjusted by zBMI (=SE)®

IS index, adjusted by zBMII, gender, and
age at the time of the SEARCH study
visit (= SE)

Birth weight, kg

Hypertension, 9%

Elevated triglycerides, %o

Dyslipidemia, %

Acanthosis nigricans, %

Susceptible HLA, 26°

Pharmacological treatment at the time of
the SEARCH study visit

Treated with insulin, %

Insulin dose, U/kg - d“
Treated with OHA, %
Sulfonylurea, %2
Metformin, %
Other/unknown OHA, %
No pharmacological treatment, %

3.2 2.

3.2 2.

0.4 0.1

0.4 0.2

5.6 = 0.1 6.5 + 0.3
3.3 &y 2.1 = .9
17% 9%

30%0 20%
73%6 60%

61 % 40%
12%* 2%

61 % 51%
0.57 = 0.40 0.47 = 0.30
61 % 51 %

5% 5%

51%6 41 %
149 13%
10% 19%

Pihoker C, JCEM, 2013



GENETIK ANALIZ

HNF1A-MODY

HNF4A -MODY 2580 DOLAR/hasta
GCK-MODY

INSULIN TEDAVISI 2641 DOLAR/hastalyil
DIGER OAD’LER

INSULIN DISI ENJ. AJANLAR 767 DOLAR/hastalyil

SU 96 DOLAR/ hastalyil

Naylor RN, Diabetes Care, 2014
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Prof.Dr, Melek Eda ERTORER

L4

SIKAYET: KAN SEKERI YUKSEKLIGI GEBELIKISTEGI VAR

DIYET-YOK DIABETIK SORGULAMA-7?

OYKU: TIP 2 DM-2 YILDIR

DMTIPI ARASTRILMAMISTR

TANI-GEBELIKTE CIKMIS-2 DUSUK SONRASI TANI ALMIS

EVKS SEYRI-YUKSEK--280 CIVARI

GECHISTE NOVONORM ILE K$-60°A KADAR DU SMUS
OZGECMIS: SIGARAYOK

NULLIPAR-2 DUSUK -CANLI BEBEGI YOK-ADETLER DUZENL]

DIGER N

DUZENLI KULLANDIGIILACLAR: NOVORAPID 3X 16, LEVEMIR 20U/GECE, BASKA ILAC YOK
SOYGECMIS: DM-TEYZELER-KUZENLER-ANNE ANNE TARAFINDA YAYGIN

4 KARDESLER--3U DM ABI-DIYETLE REGULE, DIGER ABI INSULIN KULLANIYOR

FiZiK MUAYENE: TA110770 VAB0KG B:160CM

TYR NP AC KALP N BATIN N PERIF. ODEM YOK KLIN. OTIROID

SEKONDER DM DUSUNDURECEK ASIKAR BULGU YOK

YORUM: TIP2DM (?) MODY (?)

K-RUTINLER ISTENDI. YATIRILACAKTIR.

9/4/2018-AKS:233 HbA1c:8 91% HB:A1 MCV-7438
Kre-ALT-N K40 TIT-PROT (++ GLU (++) KETON (-) KAN-LEA (+)-ADETLI
TKOL:164 HDL:39,30 LDL:102 Trig:114 TSH2.67




Ne zaman MODY dusunelim?

-Hiperglisemi <25 yas*

-OD kalitim*

-En az 5 yil insulin gereksiniminin olmamasi

-Hiperglisemi ile uyumsuz insulin duzeyleri

-Normal kilolu*

Vaxillaire M, Endocr Rev, 2008
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