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>Uvopoua povoyovidiakou d1aBnTn
NoonuaTta TnG e€wkp. JoipAC TOU NAyKpeaToc, N.X., KUOTIKN ivwon

> XETICOPEVOG ME PAPHAKA N XNMIKEC OUCIEC

American Diabetes Association Standards of Medical Care in Diabetes.
Classification and diagnosis of diabetes. Diabetes Care 2021 Jan; 44 (Supplement 1): S15-533.



AlaBNTNG: aiTia

Type 2 Other Type 1 Other

(,._,1 %) (incl. monogenic) (1 %) (incl. monogenic)

5% — 5%

Type 1
(94%)

Maidia EVAAIKEG



>akxapwonc dlapnTnc & Ta yovidia* nou eubuvovTai
yia Toug 01apopouc paivoTunoug

[TepIBaAAov
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Monogenic Monogenic Monogenic - Polygenic
PNDM MODY late onset rCE7L 2

femoms) fomn T

GCK, INS, HNF4A, GCK, PDX1, HNF4A %/ HHEX, CDKALT

KCNJ11, ABCC8  Lymin’ prys  MAPK8IP1, ISL1, ABCC8 Lmgimiaid
PERK, PTF1A  1cpp, NEURODT KLF11, PPARG S5 WSt
CEL, GLIS3 AKT2, CD36 R TOF2

* Specific mutations & common polymorphisms (gene variants)

Martine Vaxillaire; Philippe Froguel; Endocrine Reviews 2008, 29, 254-264. ENDOCRINE _
SOCIETY mmwa




T2 AIABHTH2: O POAO2 TH2 N'ENETIKHX

[oAuyovidiakn VvOOCOoG: niBavwC XIAIAOEC  YEVETIKOI
napayovtec OuppBaAAouv oTov kKivouvo avantuénc Tnc
VOOOU, 0€ cuvOUaoPOo HE NEPIBAANOVTIKOUC NapAYOVTEC.

« 39% TwWV ATOMWV PE ZA2 €XOUV TOUAAXIOTOV £va YOVEQ UE TN VOOO

«  MeTa&U povoluywTiKwV didUPwY Onou o evag exel ZA, ~90% TwV uN
npooBeBANUEVWY d10UPWY avanTuUooouV TEAIKA TN VOOO

« O kivduvocg via ouyyeveic 1lou BaBuou atopwv pe ZA2 eivar 5-10
(POPEC UWNAOTEPOC O oXEOoN ME atopa idlac nAikiac & BAapouc Xwpic
OIKOYEVEIQKO I0TOPIKO d1aBnNTN.



[eveTikn KAl ZA2

e 2& avTiBeon pe Ta povoyovidiaka aitia d1aBnTn, onou n
KANPOVOUIKOTNTA MIac HETAAAAENC au&avel NoAU Tov
Kivouvo vooou ( [ORs] >10), o1 yeveTikeC napalAayeg
nou oxeTilovTal Je Tov ZA2 £XOUV PIKPOTEPN €NINTWON
(ouvnOwc ORs < 1.2)

- [oAunapayovTikn/noAuyovidiakn KANPOvVouIKOTNTA
> Polygenic risk scores: atouya oto avwTepo 2,5-5% score

£XOUV ~3nAdaolo KivOuvo o€ oUYKpPION UE TOV HECO OPO



Gnetically defined clusters and sample Genes
J insulin but T proinsulin

/ EX: HNF1A, SLC30A8
8 » -

. ﬁ >

I B “. : .‘-

J Insulin -‘é >

J insulin and J proinsulin

' .,.:_'.p Y EX: KCNJ11

\ Mixed | insulin + 7T insulin resistance

EX: PAM, RREB1

NAFLD / Lipid metabolism
EX: TM6SF2, GCKR

Lipodystrophy-like phenotype

T Tissue level
EX: FAM13A, KLF14

insulin resistance

Obesity / Adiposity
EX: FTO/IRX3, MCR4

Precision medicine: genetic associations delineate mechanistic pathways influencing
T2D phenotypes with implications for pathogenesis & treatment.

Kim DS, et al. J Am Coll Cardiol. 2021 Aug 3;78(5):496-512.



GWAS multi-ethnic meta-analysis identifies 804 (318 new) putatively
causal genes for T2D among 1.4 million participants!

Overall genetic contribution to T2D: estimated @ 30-40% 1. Nat Genet. 2020 July ; 52(7): 680-691

. . . . ) 2. Drugs (2022) 82:1389-1401
Genome-wide “chip” heritability ~20% (i.e. ~half of the above) 3. Diabetologia 60, 793-799 (2017)



Phenotypes associated with gene variants linked to type 2 diabetes

32%

_ Obesity/adiposity

. Lipodystrophy-like/insulin action
Lipid metabolism/liver

£ Beta cell function

o
Mixed features 69%
(beta cell function + other)

Esser et al (2020) Diabetologia DOI 10.1007/500125-020-05245-x Diabetologia

© This is a U.S. government work and not under copyright protection in the U.S.; foreign copyright protection may apply



T1 diaBnTngG: NMNaBoyeveia & o pOAOC TNGC AUTOAVOOIAG

Environmental
trigger
v
100
HLA Cellular (T cell)
g (DR3/DQ2, DR4/DQ8)| autoimmunity v
") o
é Autoantibodies ﬁ/;essofﬁ.
= (ICA, IAA, GAD, 1A-2) V€ g, St
z “py
A
Genetic Insulitis/
predisposition B-cell injury Pre-diabetes Diabetes
0
Time >

MepIBAAA. Evauopa = autoavoon KataoTpoprn B KUTT. o€ ATONA HE YEVETIKA nNpodiabeon

Meiwon €KKPIONG IVOOUAIVNG = unepyAukaidia & AAAeg NeTABOAIKEG dIATAPAXEC

« MMapouocia autToavTICWUATWV OTO Aiua

Watkins et al. Diabetes and its Management, Ed. 6. Blackwell Publishing, 2003; Pickup & Williams.
Slide Atlas of Diabetes. Blackwell Publishing, 2004



NaBoyeveia T1 diaBnTn: nePIBAAAOVTIKOI NAPAYOVTEG

Formula .
COVID-19 Ianuenza R

Probioticsj
l ¢

VitamirE-D
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Probably

Figure created using
www.canva.com/

Quinn LM, Wong FS, Narendran P. Environmental Determinants of Type 1 Diabetes: From Association to Proving Causality. Front Immunol. 2021 Oct
1;12:737964. doi: 10.3389/fimmu.2021.737964. PMID: 34659229; PMCID: PMC8518604.

Possibly

BAanTikn dpaon NPOOCTATEUTIKN dpdon
MOavoTnTa aiTioAOYIKNG CUCXETIONG



>AT1: YEVETIKN

MoAuyovidiakn dtatapaxn (>40 yovidla otnv avamtuén tng acbevelag)
- human leukocyte antigen, HLA (>50% tou kivdUvou oto Xp6)
- un-HLA yovidia

>70% Twv atopwv pe ZAT1 €xouv uPnAol kwvduvou HLA class Il amAdtumnoug
(DR4/DQ8 1 DR3/DQ2). Qotdoo, n mAsoPndia TwV ATOUWY UE TOUC OTTAOTUTIOUC
avtouc dgv avamtuoouv dtaBntn (<3%, podog tou nepfariovtoc;)

JUXVOTNTA OTO YEVIKO MANBuouo 1: 300 .

O kivéuvocg mou mapouactalouv ta adEpdLa oxetileTal pe Tov aplBuo
Twv HLA amlotUnwv nou eival kowvol otov adepdo Kal otov aoBevn).

World J Diabetes 2015 6(3): 380-390



Genomic localization of the human major histocompatibility

Human Leu kocyte Antigen Major complex (MHC) on chromosome 6p21.3 and positions of the
. o oMo human leukocyte antigen (HLA) class I (HLA-A, -B, -C) and
HIStOC0mpatlbl|lty Comp|eX class II (HLA-DR, -DQ, -DP) loci are shown.
HLA-A ——pp =
: - 21.32p
wa [T 21.31p
HLA C = N | 212p to A:(':'-tigr::ilg::kl?:ands ) antigen linked
| | g centromere ey
o . receptor...)
- . N 2
HLA B / ™ @ MHC class Il
n
- I8
- coq AP Ciemet et konates
HLA-DR - arm (CD19, MHC class I}
\ . = 1. Antigen targeting
/ T : 2. Antigen processing
HLA-DQ — and presentation
Pt
= 3. T cell activation
waop 77 =

Antigen is linked to APC via multiple mechanisms (step 1)
followed by MHC class II recognition, antigen processing
(step 2), and presentation to T cells for removal (step 3).
APC, antigen-presenting cell;

human chromosome 6

Diabetes in America. 3rd edition. Bethesda (MD): National Institute of Diabetes and
Digestive and Kidney Diseases (US); 2018 Aug. CHAPTER 12.



[EVETIKOI TONOI CUOXETICONEVO! PE ZA1
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Type 1 diabetes genetic risk includes common HLA variants with large effects

10.0 Rare variants with SNP Common variants
large effects e T1D HLA with large effects
. * T1D non-HLA
* T2D
°
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Rare variants with Common variants
0.0 small effects with small effects
0.01 0.03 0.10 0.30

Minor allele frequency

O1 neploxec ekToc HLA av kal €xouv noAAanAad yovidia oxeTifovTal Pe
UIKPOTEPO Kivouvo via T1A

Luckett et al (2023) Diabetologia DOI 10.1007/s00125-023-05955-y D|abet0|Og|a



O POAOC TNC YEVETIKNG:
T mOavoTnTa ekdNAWONG THG VOOOU GE OUYYEVEIC ATOHWV ME

>A TUnou 1

* XWPIC OIKOYEVEIAKO I0TOPIKO: 0,4 %
e av &xel ZA1 n ynTEPQA: 1-4%
« av &xel 2A1 o naTepac: 3-8%
e av &xouv A1 & o1 dUO yoVEic: Ewc kal 30 %
« adepPpia ATOPWV Pe ZA1: 3 -6 % £wc TNV nAIKia Twv 20 &
10 % ewc Ta 60 £Tn
« JICUYWTIKOC BidUpOC : 8 %
¢ MovoluywTIKOG didupoc: 30 % evT0OC 10 eTwv and Tn diayvwon Tou 1ou

OidupoU Kal 65 % pexp! TNV NAIKia Twv 60 eTwV

ISPAD Clinical Practice Consensus Guidelines 2018: Definition, epidemiology, and classification of diabetes in children and
adolescents. Mayer-Davis EJ, et al., Pediatr Diabetes. 2018;19 Suppl 27:7.



Population
LOWRISK
No affected FDR plus HLA protective genes
No affected FDR
Affected FDR plus HLA prolective genes
Intermediate Risk
No affected FDR plus HLA nsk genes
One afrected FOR
Mother with T1D
Father with T1D
Sbing with T1D
High Risk
One affected FOR plue HLA high rek gense
Multiple affected FDRs
Very High RIsk
identical twin afiected
Multiple affected FDRs plus HLA risk genes

Type 1 Diabetes Risk (%)

30-70
S0

Sibling affected plus HLA risk genes, identical by descent30-70

FDR, first-degree relativa; HLA risk genes, HLA DRB1 03, 04:.0Q81 0302, HLA proteciive genes, HLA DQB1 0602.




>A Tunou 1: Zuvouaopoc & AANAenidpaon MeveTikwy Kal
MNepiBaAlovTikwV enidpacewyv oTn diapkela TnG (wng

Birth 7vy/o 13 y/o Young Mid Older
(puberty?) adulthood adulthood age

Diabetes Care 2020;43:16-18



Previous type 1 diabetes
genetic studies

Development of genetic risk
scores

Clinical and research g

TR

Family-based linkage studies

[

. —

-l e | "

Genome-wide association studies

Source: Manhattan plot from Type 1 Diabetes Knowledge Porta

GRS = sum of common variants
effect on disease risk

Controls Cases

LAWK i
et et

Genetic risk score

(https://t1d hugeamp.org/phenotype. htmi?phenotype=T1D)

applications
2

Identify disease risk within
newborn screening

y /B

Classify disease for appropriate
therapy

2 o

Combined models for disease
prediction, disease onset and

potential therapies

Luckett AM, Weedon MN, Hawkes G, Leslie RD, Oram RA, Grant SFA. Utility of genetic risk
scores in type 1 diabetes. Diabetologia. 2023;66(9):1589-1600.



Teplizumab Delayed Development of T1D

1.0
0.9
48.4 VS 24.4 months
0.8
¥ 0.7+
L
(e
QI 0.6
i
’; 0.5
o HR 0.41 (95% Cl: 0.22, 0.78)
£ 0.4+ Adjusted Cox proportional hazards)
Q
o P = .006
(o) 0.3
a Rx Group T1D-Free T1D
0.2— — Placebo 9 23
Teplizumab 25 19 Placebo
0.1 + Censored
32 23 18 16 15 11 9 8 5 4  Placebo
0.0— a4 44 40 36 27 21 15 14 10 8 Teplizumab
r T T T T 1
8] 12 24 36 48 60
Please consult your local SmPC or its equivalent, for further information. On Studv (Months)

Herold KC, et al. N Engl J Med 2019:381:603-613.

These matenals are provided ioyou soiety as an educaional resource for vour personal use. Any commercial use or diembution of these malenais or any porion hereol & sctty prohibied



Why Screen for Type 1 Diabetes?

Impact of DKA and HbA1c, SEARCH, United States[?]
Screening Goalsl'l 12

- - DKA

Prevent diabetic
11 — No DKA

ketoacidosis (DKA)
and associated
morbidity and
mortality

*  Prepare children and
families for a
smoother transition

to insulin therapy !

*  Offer available 6, 1 5 3 4 5 6 - 8 9
preven_tatwe Type 1 Diabetes Duration (years)
therapies through
Clinical practice Duration (years) 0=1 1-2 2-3 3-4 4-5 56 6-7 7-8 8+
or trial recruitment Number of data points 43 1961 1502 1132 502 278 1032 727 538

1. Besser REJ, et al. Pediatr Diabetes. 2022;23:1175-1187; 2. Duca LM, et al. Pediatr Diabetes. 2019:20:172-179.

These matenals aie provaded o you soiely 35 an educational Iesourte for your personal Use. Ally conmimertial Use oF distitation of these materials of @y partion hereol s stictly profibre:



Movoyovidiakoc d1aBNTNCG

ETepoyevnc opada voonuaTwy

Kolva xapakTnploTIKa:
e UNEPYAUKAI[Ia

e (pAIVOTUMOC NMOU ANOPPEElI Ao JOVOYOoVIOIaKN
diaTtapaxn

AlaQopEc:
- naboguaoloAoyia
e TPOMNOC NOU KAnpovououvTal
* NAIKia ggpaviong
e gUXVOTNTA



Avtiotaon otn Apaontng  Awatapaxn thg Ekkplong

IvoouAivng IvoouAivnc
AIABHTH2
a2
Anontwon

{ TAukotofkotnta
| Autotofdtnta
OAeypuovi
O&elbwTtiko
stress



Katdtacn povoyoviolakov owafntn avaroyo Le tnv
tafo@ucloloyio

' Select important steps in unraveling genetic heterogeneity of monogenic diabetes

Awatapoxn otnv EKKPLON LVGOUALVNG Avtiotaon otnv wooulivn

Year

1992-1999 HNF4A MODY, GCK, HNF1A MODY, HNF1iB MODY, IPF MODY, Neurod1 MODY (formerly MODY 1-6) 1988 Type Ainsulin resistance

1992 MIDD 1988 Donohue syndrome

1908 Wolfram syndrome 2000 Familial partial lipodystrophy

2004-2006 Potassium channel sub-unit related PNDM 2002 Generalized lipodystrophy
2007 Insulin related PNDM




MONOI'ONIATAKOX ATABHTHX TI1IOY O®EIAETAI
YEAY2ZAEITOYPI'TATOY f KYTTAPOY - MODY



MODY
(Maturity Onset Diabetes of the Young)

O 6pog Paciletarl oe maraidTep oporoyia (Vveavikog owafl. / owf. evniikov)
Movoyovidlakdg TOTog dloP1Tn mTov opeileTon GE dVOAELITOVPYLA TOV B-KVTTAPOL
Ymrokatnyopieg avdloya Le To venBuvo Yovidlo, etepoyevelc HUETAED TOVC

20vOoTNTO.:
- 1-2% tov atopmv pe o1t 610 OVTIKO KOGLO
- 80% 1oV atopmv pe MODY @épouv AavOBacuéva t dwdryvoon T1 T2 XA

- 80% o@eihovtor o€ peTaAlacelc Tov yovidiov g GCK ko HNF'l o

ADA, Diabetes Care 2021 Jan; 44 (Supplement 1): S15-S33.



MODY

'evixo Xopoxtypiotika

KAnpovouovvtot e 1oV GOUATIKO EXKPATOVVTA YOPOKTIPO
ExonAmon cuvinbmg py Ty nAkia tov 25 ypovev

AToveia T

—  owpnTig KETOSEOENG ___ Ank gorvotumog mov dev potdlet
—  aVTOAVOGiag TOoV B-KVTTAPOL ue tov cuviydn T1A ovte T2A

—  YOPOKTINPLOTIKOV LETOUPOMKOV GUVOPOLOV
_

Ynoleumdpevn evooyevig £kkpion tveovAiivig (C-peptide)

A0 QEPOVV MC TPOC TOL KAVIKE YOPOKTNPLOTIKA, BopdTnTa DIEPYAVKOLUIOG

Kavvoura et al Medicine 2014
ADA, Diabetes Care 2021 Jan; 44 (Supplement 1): S15-S33.



2vuyvotepol Tomor MODY

MODY MOST CLINIC OF
TXYPE GENE  cLINIC OF HETEROZYGOUS COMMON MOLECULAR BASIS HOMOZYGOUS
STATE TREATMENT STATE
MODY 1 HNF-4a Diabetes, microvascular Oral hypogly_  Abnormal regulation of
~ 50, complications; reduction cemic agents, gene transcription in
in serum concentration of insulin beta cells, leading to a
TGC, apoplipoproteins All defect in metabolic
and Clll, and Lp(a) lipoprot signaling of insulin
secretion, beta-cell mass
— or both
MODY 2 Glucokinase Impaired fasting glucose Diet and Defect in sensitivity of Permanent neonatal
20-50% impaired glucose tolerance, exercise beta cells to glucose due diabetes, requiring
normal proinsulin/insulin to reduced glucose insulin
phosphorylation; defetc
80% - in hepatic storage of
glucose as glycogen
MODY 3 HNF-1a Diabetes, microvascular Cral hypogly-  Abnormal regulation of
20-50% complications, renal gly- cemic agents, gene franscription in
— cosuria, increase sensi- insulin beta cells
tivity to sulfunylurea,
increased proinsulin/insulin
in serum
MODY 4 IPF-1/PDX1 Diabetes Oral hypogly-  Abnormal transcriptional Pancreatic agenesis
<1Y cemic agents, regulation of beta-cell neonatal diabetes
" insulin development & function requiring insulin
MODY 5 HNF-1B Diabetes, renal abnormalities Insulin Abnormal regulation of
~ 59 progressive nondiabetic renal gene transcription in beta
0 dysfunction and eventually cells
chronic renal insufficiency;
uterine abnormalities
MODY 6 NeuroD1 Diabetes Insulin Abnormal transcriptional
<1% regulation in beta cells

Elliard et al

., Diabetologia 2008 51:546



‘EkKpLon tvoouAivng aro to B-kuttopo:

0 poAo¢ tn¢ YAukolng
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containing
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* channel
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@ )

secretion

Mitochondrion

A\ ATP:-sensitive
Kt channel

N Engl J Med 2001; 345:971-980



Naykpeatiko B-kuttapo kot MODY

“ Glucose

Nucleus

Glucose
transporter

Glucose

Glucokinase

EiluooseLB-p hosphate Mitochondrion

Glycolysis

Intracellular
Ca?t stores

'"‘E%“.LT o>
o @ ®
® e

=

Voltage-dependent

+
Ca*™ channel ATP-sensitive

K+ channel

@ Insulin
sgcrution'
@ CaZ+ Depolarizatio

Glucose
sensing

N Engl J Med 2001; 345:971-980



MODY 2
(Glucokinase-related MODY)

H yAvkokwvéon Bpioketon ota f-kotTapa.
KOl T, NTOTOKVTTOPO.

KaBopilet ta enineda yAvkding oto B-
KutTapo puuilovtac ™ EwsPopvLAiwGN
Kol TOV LETABOAMOUO NG

>10 Nrop woilel pOro otV amwodfkevon
TOV YAUKOYOVOV

Amevepyomomtikég tepOLVYEC
netairaelg oonyovv ce MODY 2

Opoluyeg petadlaéelg odnyodv oe
ROVIHO VEOYVIKO drafntn

Matschinsky FM, 1998; Njelstad PR,2001

Glucose
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-/ Glucose

MNucleus
© transporter

58

Glucokinase
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dependent
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Vultagw
\ +
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K* channel

Insulin
@ o

secretion

~ Ca2+ Depolarization




MODY 2
(Glucokinase-related MODY)

o 2uyvo¢ Tomoc MODY og 0AeC TIC QULALC:
- LA LLE MTTL0L VTEPYALK AU, VNG TELOC
- YOVOUKEC pe 01PN KuMone & otkoyeVELoKO 16TOpIKO XA

* Amnotéhecpa £TepOlLYOV LETOAAAEEDV TOV YOVIOIOL TNC YAvKoKtvaonc (>150)

* H vrepylvkoupio eaivetol va oQeileTol OE:
- eMdtTon ¢ evoncHnciac Twv B-kuTTdp®V 61N YALVKO
- OLOTAPOYT] YALKOYOVOYEVEGTC GTO NTTOP LETOYEVUATIKA

Byrne MM, J Clin Invest 1994;93:1120-1130.
Velho G J Clin Invest 1996;98:1755-1761
Vaxillaire, M. et al. Endocr Rev 2008;29:254-264



Awgxkopaven YAVKOING ot otdpkeLla 24®Pov 6€ ATONO UE
YXAT2, MODY 2 & opada gr&yyov

20+

Ivpe 2 diabetes

154

104

Glucockinasa-related MODY

Flasma Glucose (mmol per liter)

Mormal
Breakfast Lunch Dinner Oxp ’OVOQ’O UVTIOTOTHEL G‘Clg’ 6 my,
otav dpylce 1 poAnyio
0 T T T T T T T T T T T 1
0 a 8 12 16 20 24
Hours

Polonsky KS. Diabetes 1995;44:705-717




MODY 2
(Glucokinase-related MODY)

"Hmo vrepyivkapio vioteiog (110 Eéoc 145 mg/dl, A1C<7.5%) N IGT umopei va
ELPOUVIGTOVV OKOUT KO ATO TN YEVVNON).

< 50% tov popémv avantusoel ot (apkeTol elvat TayvGOPKOL 1 NAIKIOUEVOL)

50% t@V YOVOIK®OV TOL EPOVV TNV UETAAAAEN EKONADVOLY OLa 1T KONoNS

—  Maokpoocouio av To EuPpvo oev eépet T HETAAAAEN (AOY® NG £KKPLoNC IVGOVAIVT amd To EuPpuo oe
AmAVTNON GTNV LIEPYALVKAULIO TG UNTEPOC)

2uvnlmc Oev amotteiTon KOUUIo QOPULOKEVTIKT] OrymYN

O1 emmwhokéG amo 1o OwuPTn €ivor 6TavVIES

Prisco F ,Diabetologia 2000;43:1331-1332
MODY group, Diabetologia (2008) 51:546-553



HNF-40, HNF-10, HNF-1, e 1PF-1, Neurob1 (BETA2)

Glucose

MeTaypa@ikol TapayovTeg
OTO TAYKPEATIKE VNGida, 610

’ 14 Endoplasmic
AP, KOL TOVS VEPPOVC eticulum

210 B-k0tTOopo pvluilovv v
EKQOPAOT] TOV YOVIOL®MV TNG
LVGOVALVIIC KOl YOVIOL®MV TOV
oY ETILOVTOL NE TNV EKKPLOoN
LVGOVALVIG

inst%— @ @

containing
granules

Vulta%e-depandant
v Ca** channel

Fajans SS,2001

N ATP-sensitive
K* channel

secretion




MODY 3 (HNF-1a) kox MODY 1 (HNF-40)

e Tlopouorog mafoeuGloloyYIKOS UNYOVIGUOC

e MODY 3 (HNF-1a):
-0 LY VOTEPOG TVTTOC MODY

*  MetolrdEel :
- >120 petarracelc tov HNF-1a

- 00MYOLV GE HEIMUEVT) EKKPIGT IVGOLALVIG 0o TO B-KVTTOPO
- ueimon enavappoenomn yAvkolng — yAvkolovpia (0y o HNF-4a)

- EMTTOUEVT EKKPLOT) YALKAYOVNC (0-KOTTOPO)
- TOOAOYIKT] OTAVTNGT GTNV LIOYAVKLLLIO

MODY group, Diabetologia (2008) 51:546-553
Fajans S et al. N Engl J Med 2001;345:971-980



MODY 3 (HNF-1a) kox MODY 1 (HNF-40)

e  KAwum ewova:
o Ymepylvkaiuio vnoteiog (apytkd fma)
O GLYKPLTIKG VYNAOTEPU EMITEON NETAYEVUATIKG,

* IIpoodevtikn emdeivmon
o Ko amokkpion o€ SU
o 30-40 % tov acOevav Ba ypelacTOHV IVGOVALVY

o Ot acBeveic umopel va Topovctdcovy OAO TO PAGLO TOV ETUTAOKOYV,
Kuplog apeiBAnctpocioonddeia Kol veppomddeia

MODY group, Diabetologia (2008) 51:546-553



MODY 5
uetoridcers tov HNF-1 f

20vopouo AT HE veEQPIKES KVOTELS — TOAVGLGTNUOTIKT] VOGOG

Oopciletar o petaArdéels tov yov. tov mapayovro HNF-1 mov elval amapaitntog
Y10, TNV QVATTUEN

TOV TTOLYKPEATOG
TOV VEQPOV
KOl TOV OLPOTOLOYEVVITIKOU GLUGTHLOTOC

H 1o cuyvn povoyovidlok) artiot GLYYEVAOV SOUOPTLOV TOL OVPOTOINTIKOV

KAwvikn ewova avaioya Le Tov TOTO NG LETAAAAENG:
-0t INC TpoUNG Evapéng mov cuyVE aToLTEL IVGOVALVY
-VTOTTAOGLO TAYKPEATOS (+ EEOKPIVONVS LOipaC)
-VEQPPIKEC KVUOTELC — OGTANGIO GLUYVE amd TN YEVVNon
-o€ 12.8% XNA 1eMK00 6T0di0v
-AvoUoAieg TNC YOVOUKELOG avamapay®yIKNC 0000

MODY group, Diabetologia (2008) 51:546—553



20vOpopo 17912 pkpoeAAeWnC - yovidia

= Tracks RN »o: KON - BEI o BEEM o = Je:l O o EINEE

00 pl3.l

20 MD 40 Mb .60 Mb 80 Mb 6.00 MD

O PRI | (=] L B
< ACACA < HNF
am = —
< SYNRG
T pL ranges: | o =} . ] B e I ol score
0 o1{ 02 03 04 05 06 07 08 09
Less infolerant > Intolerance to LoF mutation » Mare intolerant

HNF1B (189907) — MODY 5, guyyeveic avwpdaAie¢ oupoTroinTikou,
KAPKIVOC TTPOOTUTT

ACACA (200350) — Eyke@aAikéc BAABeG, yuoTTdBela
SYNRG (607291) — EvdokUTTWON, dikTUO O. Golgi

GGNB2 (612257) — [liIBavr) oyKOKATACTAATIKH Opacn



2Uuvopopo 17912 pikposAAewdnc & MODY 5

HNF1B ocuvdpopua

HNF1B peTaAAagn

2. MIKpOoEAAsIYng 17q12

% Twv HNF1B 50 - 60% 40 - 50%
OXETICOPHEVWV

ouvOpOHWYV

ZuyvoTta ZA Ewe 82% Ewg 63%
% Twv MODY 5 50% 50%
Mabnolakég DUOKOAIEC Ox1 ouyvad Mo cuyva

NonTikég diatapayég

Aiayvwon

NoUKAEOTIBIKN
aAAnAouxion HNF1B

MEB0BOG MIKPOTUCTOIXEIWV
YEVOUIKOU EAEYXOU

(array-CGH)

* Daniele Dubois-Laforgue et al.Diabetes, Molecular Defects Diabetes Care Apr dc162462 2017
* Roehlen N et al J Clin Endocrinol Metab 103:3601-3610, 2018
» Laffargue F et al Arch Dis Child 100:259-264, 2015




MODY

Mopioxog yeveTikog EAEYYOS VIO TN O1AYVWOTH

- emPePoardver T ddyvooTn LOVOYOVIOLHKOD ot Tn
- TPOPAETEL TNV KAVIKT] TOPELO/TPOYVMOGOT

- BonBd otnv emroyn ¢ Bepaneiog

- kaBopiletl TOV KivOLVO Y10 TOVC CUYYEVELC

(261000:
- LYNAO KOGTOG
- 0gv amotelel eC€taon povtivog
- UTOPEL VoL YIVEL GTOYEVUEVOC EAEYYOG VAAOYQ LLE TO POUVOTLTO

MODY group, Diabetologia (2008) 51:546-553



Neonatal diabetes Atypical Type 1 Diabetes Atypical Type 2 Diabetes

= FH suggestive of monogenic diabetes = FH suggestive of monogenic
+ Diagnosis <6 months * Nohistory of DKA diabetes

*  GAD antibody negative if within 5 years * Anabsence of:

of diagnosis of diabetes * Obesity
l = Prandial plasma C-peptide >200 pmol/L + HTN/Dyslipidaemia
or urine C-peptide:creatinine >0.7
nmol/mmol if beyond 5 years of PCOS (Females)
diabetes * Acanthosis nigricans
I )

v

= Fasting glucose 5.5-8mmol/L
= HbAlc 40- 60mmol/L

= Small increment (< 4.5mmol/L) on OGTT Yes
= If neither parent known to have diabetes/ - Test for
IFG, confirm fasting glucose > 5.5mmol/L

in at least one parent

= No microvascular complications

INo

v ’ v

- . Additional features?
= Familial , progressive young
Test for . onset diabetes |
= >3 family members affected ‘ ‘
= Sensitivity to Sulphonylureas R
Deafness = Renal cysts
= Elevated HDL>1.1 (HNF1A) . el
Maternal deafness = Abnormal liver
= hsCRP <0.7 (HNF1A only) = Maternal diabetes function tests
If negative * Pigmentary maculopathy *  Genitourinary
= |n addition to above: = Myopathy abnormalities
* History of transient = Stroke = Exocrine
neonatal bypoglycaemia * Elevated lactate pancreas
« History of macrosomia dysfunction

\ 4

7 [ ]

Genes 2013, 4(4), 522-535



Age at diagnosis
(years)

Sex

Currently treated
with insulin or
tablets

Time to insulin
treatment (if
currently treated
with insulin)

S B

MODY Probability Calculator

O Male O Female

O Yes ONo

O Not currently treated with insulin
O Within 6 months of diagnosis
O Over 6 months after diagnosis

BMI (kg/m?)

HbA1c (%) or

HbA1c mmol/mol

Current Age (years)

Parent affected with
diabetes

Ethnicity

Other

O Yes O No

O White O Non-white

(J Renal cysts

(J Deafness

(J Partial lipodystrophy

() Severe Insulin Resistance in absence of obesity
(] Severe obesity with other syndromic features

Diabetes Research department and the Centre for Molecular Genetics at the University of Exeter Medical School
https://www.diabetesgenes.org/exeter-diabetes-app/ModyCalculator (accessed 17_10_2021)

The development and validation of a clinical prediction model to determine the probability of MODY in patients with young-onset diabetes. Shields BM, McDonald TJ,
Ellard S, Campbell MJ, Hyde C, Hattersley AT. Diabetologia. 2012 May;55(5):1265-72.



Pihoker C, et al. Prevalence, characteristics and clinical diagnosis of maturity onset diabetes
of the young due to mutations in HNF1A, HNF4A, and glucokinase: results from the SEARCH
for diabetes in youth. J Clin Endocrinol Metab. 2013;98(10):405-62.

The first systematic study of the prevalence of MODY in an unselected pediatric
cohort reveals 8% of diabetic children who are antibody negative and C-
peptide positive have mutations classified by the authors as pathogenic or likely
pathogenic mutations in HNF1A, HNF4A or GCK. Of the 47 mutation carriers, only
3 (6% ) had a previous diagnosis, providing

evidence that most MODY cases are being missed in the United States. Most
were on insulin or metformin, and many were from ethnic groups with high

prevalence of type 2 diabetes.




Curr Diab Rep (2015) 15: 110
DOI 10.1007/s11892-015-0681-7

DIABETES EPIDEMIOLOGY (NM MARUTHUR, SECTION EDITOR)

Undiagnosed MODY: Time for Action

Jeffrey W. Kleinberger' - Toni 1. Pollin '

> Diabetologia. 2023 Mar;66(3):438-449. doi: 10.1007/s00125-022-05834-y. Epub 2022 Nov 23.

Identification of monogenic variants in more than
ten per cent of children without type 1 diabetes-
related autoantibodies at diagnosis in the Finnish
Pediatric Diabetes Register
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Movoyovidiakoc diapntnc - MODY

[ote Ua {ntnoouuE yovidLoKO EAEyxO;

Yuotaoelc (ADA)

OAa ta madla pe dtafntn otoug MPWTOUC 6 HAVEC TNG (WNC TIPETEL val
eNEYXOVTOL YEVETIKA YLOL VEOYVLKO dLafntn. A

MNodla kot veapoi eviAikeg pe dtafntn xwpic xapaktnpotkd T1 n T2
SlaBAtn Kol OLKoy. LOTOPLKO Ot OLAOOXIKEC VEVIEC (QAUTOOWHLKOG
ETUKPATOUVTAC TUTIOC KANPOVOULKOTNTOC) TIPETEL VAL EAEYXOVTOL YEVETLKA
yla tnv mibavotnta MODY. A

Kol oTIC 2 TEPLTTWOELG, CUCTHVETOL TIOPATIOMUTI) OE KEVIPO ME €Lbikevon
OTn VEVETKN Tou OdlafAtn yw tnv Katovonon Ttng onuaciag Twv
HETAANQEEWY KoL TNV KOUTAAANAN  OVTIMETWTILON  KOL  YEVETIKN
oupBoulevTikn. E

ADA, Diabetes Care 2021 Jan; 44 (Supplement 1): S15-S33.



MIDD
(Maternally Inherited Diabetes with Deafness)

2mAvio. Lopen LOVOYoVIolokoL dtofTn (Uttoyovoplakog otapntng)
Ogpeileton og peTarracers Tov proyovoprokov DNA

Ot LETAAMAEELS (mo ovyvéc: A3243G tRNALeu) OONYOVV GE :
~aTPOGia, TOV VNOLOI®MV TOV TOYKPEATOS
-eAMATTOON TOoL aplBuoL TV B-KuTTAp®V
~-EMATTOON TaPAy®YNG IVGOVAIVIC

H xAwvikn ewova eaptdtal omo tov Pabuod éxntmonc tov B-kuttdpwov

Malecki M. T, 2008



Figure 3 Phenotypes seen in diabetes with extra-pancreatic features

HNF1p

MIDD Figmentary
retinopathy
Deafness
Cardiomyopathy
Abnormal Eaeal
LFTs

segmental

Diabates glomerulosclerosis
. Developmental

Pancreatic : . Diabetes

atrophy kidnay diseasa

Murphy R et al. (2008) Clinical implications of a molecular genetic classification of monogenic B-cell diabetes Nat Clin
Pract Endocrinol Metab doi:10.1038/ncpendmet0778

namre CLINICAL PRACTICE

ENDOCRINOLOGY
& METABOLISM




MIDD

(Maternally Inherited Diabetes with Deafness)

KAvikd umopet va puun et A 1 1 A2
H cvyvomra e dtopa pe «XA 2» givon mepimov 1%

Eugdvion covnbme vopic oty eviimko (on, av Kot UTopel vol ELPAVICTEL GE
OTO10OT)TTOTE NAIKiOL

Al TopoyEC AKOMGC: Ol O CUYVEC EEMTOLYKPENTIKES EKONADCELS
ITio cOvBeta cuVOpoUa ETTioNC UTOPEL VO TOPOVLGLOGTOVV,
n.y ovvopouo MELAS (mitochondrial encephalopathy,

lactic acidosis, and stroke-like episodes)

Malecki M.T, 2008



Neoyvikoc AwafIntng

(NDM, Neonatal Diabetes Mellitus)
AN tng otovg mpwtovg 6 unveg e (mng
Elapetikd omaviog (1/100.000 Covtavég yevvnoeLg)

2 VO-OUAOEC : - uovipog (PNDM)
- TapodKog (TNDM) 50%

‘Exovv Bpebei petairdéelg oe > 15 yoviow
Agv givon avtodvocog (o€ avtibeon pe tov XAT1)

YMUOVTIKN N €yKoupn YEVETIKN 0tdyvaoT yioti peptkoi tomot (K rp channel)
amovTovV oA KaAd ot Oepaneio pe SU

Rubio-Cabezas,O . 2011



Altio, vEOYVIKOD o1 tn

Pancreatic Protein, chromosome Reported prevalence Inheritance Features in addition to neonatal diabetes
pathophysiology or gene affected and low birth weight
Reduced p-cell ( Karp channel ) 50% of PNDM and 25%  Autosomal dominant Developmental delay and epilepsy
function of TNDM or recessive
Chromosome 6g24 70% of TNDM Variable Macroglossia and umbilical hernia
GCK (recessive 6 cases of PNDM’ 77 Autosomal recessive Both parents have heterozygous GCK-
mutation) (6 families) associated hyperglycemia
SLC2A2 1 case of PNDM?®0 Autosomal dominant Hypergalactosemia, hepatic failure
(1 family)
GLIS3 6 cases of PNDM?81.82 Autosomal recessive  Congenital hypothyroidism, glaucoma, liver
(3 families) fibrosis and cystic kidney disease
Reduced PTF1A 5 cases of PNDM?&3 Autosomal recessive Pancreatic and cerebellar agenesis
pancreas mass (2 families)
PDX1 2 cases of PNDM?%6-84 Autosomal recessive Pancreatic agenesis
(2 families)
HNF1B 1 case of PNDM, 1 case = Autosomal dominant Exocrine pancreas insufficiency and
of TNDM10:65 (2 families) renal cysts
Increased p-cell EIF2AK3 25 cases of PNDM®87  Autosomal recessive Spondyloepiphyseal dysplasia, renal failure,
destruction (15 families) recurrent hepatitis and mental retardation
FOXP3 17 cases of PNDM®-92  X-linked Immune dysregulation, intractable diarrhea,
(13 families) eczematous skin rash and elevated IgE
INS 21 cases of PNDM3! Autosomal dominant None
(16 families)

Abbreviations: EIF2AK3, eukaryotic translation initiation factor 2-a kinase 3 gene; FOXP3, forkhead box P3 gene; GCK, glucokinase gene; GLIS3, GLIS family zinc
finger 3 gene; HNF1B, HNF1 homeobox B gene; INS, insulin gene; K 5rp channel, ATP-sensitive potassium channel; PDX1, pancreatic and duodenal homeobox 1
gene (previously termed IPF1); PNDM, permanent neonatal diabetes mellitus; PTF1A, pancreas specific transcription factor, 1a gene; SLC2A2, solute carrier
family 2, member 2 gene (previously termed GLUT2); TNDM, transient neonatal diabetes mellitus.

Murphy R et al. (2008) Clinical implications of a molecular genetic classification of monogenic B-cell diabetes Nat Clin Pract Endocrinol Metab



Role of K, channels in insulin secretion

XaunAn yAukédn

No insulin
release

Metabolism low

Decreased ATP ¢ .:
Increased MgADP

KaTpchannels
open

Ca2*channels
1 closed

membrane hyperpolarised

Y1repyAukaiydia

Glucose o Jo0 ©
0© go
- OO
Metabolism insulin
* released
Increased ATP
Decreased MgADP
KaTpchannels
shut
N\ 'Ca2*channels
&) open

Membrane depolarised

Ashcroft, F. M. Am J Physiol Endocrinol Metab 293: E880-E889 2007



SU receptor: a component of the Kurp_gepengent Cha@nnels in the pancreatic 3 cells

K channel pore

Kir6.2 SUR1

Inhibit _ Inhibit

ATP, ADP _ Sulphonylureas
Activate ' Activate

PIP2, FFA Diazoxide, Mg-ATP,
metabolites ¢ and Mg-ATP

ATTEVEPYOTTOINTIKEG
| neTaAAAgelg

EvepyoTtroinTikEG
METAAAGEEIG .

Close K,p channels,

T insulin secretion, =
"neonatal hypoglycaemia
(heonatal hypogly

Open K,p channels,
d insulin secretion,

< neonatal DM ___> e




PNDM

(Permanent Neonatal Diabetes Mellitus)

XopunAo Bapog yévvnong (< 2.7kg), Aoy® gvoopntplog EAAELYNG LVGOVAIVIG

Abryvoon petald 2-6 unvov LE EKGECT|LOGUEVT] VITEpYAVKoUia &
KETOEEWMOT

20% pe KCNJ11 petairldéelc, kot omoviotepa pe SURI petaAldéelc ,
ToPOoLG1IALOVV Kol VEVPOLOYIKG tpoPfAnuata (cuvopouo DEND)

Gloyn AL, NEEM 2004



DEND
(Developmental delay, Epilepsy, Neonatal Diabetes)




PNDM

(Permanent Neonatal Diabetes Mellitus)

O1 GovApovvLovpiec elvatl APUAKO EKAOYNC YO TIC LOPPEC TOV
opeihovian oe petorracelg tov K, p channel

- KAelvOouV TOVC 010OAOVE KOl 001 YOVV GE OMOKATAGTAG
NG £KKPLOTG LVGOLAIVIG

- yperdlovtor vynAotepec 00celc/kg and 6t oto XA 2

- umopel va BEATIOC0VY Ko T0 VEVPOAOYIKA GUUTTMLOLTOL

10% tov PNDM ogeidetal oe petadrdcelg tov INS yovidiov. Ot acOeveic
avTol ypetdlovtat Oepaneio e tVGOVAIVT.

Rubio-Cabezas,O . 2011



Clinical severity

Monogenic diabetes MODY2 MODY3 MODYS PNDM DEND
Gene slucokinase HNF-1ox HNF-1p Kir6.2, SUR1 Kir6.2. SUR1

L . —_
Mechanism of LGlucose +p-cell development  LB-cell development Hyperactivity of
B-cell dysfunction phosphorylation  +Gene transcription .+ Gene transcription EATP channel
Additional mechanism  Impaired hepatic L Insulin sensitivity + Insulin sensitivity

glycogen synthesis

Treatment Diet typically Low SU doses SU frequently not Large SU doses Large SU doses
sufficient effective not always efficient

Fig. 1 The graph illustrates the relationship between the type of monogenic f-cell defect and severity of clinical picture of
diabetes as well as basic pathophysiological mechanisms and common treatment of respective forms. SU - sulphonylurea.



MONOI'ONIATAKOX ATABHTHX TI1IOY O®EIAETAI
YE ANTIXTAXH XTHN INXOYAINH



METOALAEELC TOV LTTOOOYEN TNC TVGOVAIVIG

2avio altion LovoyoviolaKoL ot nTn

MetaArdEelc o€ £va, amd To YOVIOLO TV TPOTEIVOV TOV EUTAEKOVTOL GTOV
VTTOOOYEN TNG IVGOVATIVIG

Evpd kAvikd edcuo- moAlamAol govOoTumoL.

Malecki M.T, 2008



METAAAAEELC TOV VTTOOOYEA TNG TVGOLAIVNC

e X0Ovopopo Donohue (leprechaunism):
-IUGR

~LVTEPTVGOVALVOLULN [LE VTTOYAVKOLEO VN oTELOG Kot
LLETOLYEVLOLTIKT] DITEPYAVKOLULLCL

-OVCLOPPIO TPOGHOTOV

~-EMATTOOT] TOL VTOOOPLOVL ALTOVC

~TPOTETELN KOUMALG

-01 TEPLoGOTEPOL ac0eveic meBaivouy piv TNV NAkia TV 2 €TV

* Rabson—Mendenhall syndrome (RMS)
-My0TtEPO GOPOPEC LETAALAEELC TOL VTTOJOYEN TNG VGOVAIVIG
-duoTAacio OVAMV Kol dOVTIDV, dUGLTPLYIGLOG, TETAYVOUEVO VL0
-OraPnTng Kot ketoEEmon
-0l mep1c0TEPOL aoBeveig mebaivouv mpv tnv epnPeia

* Avrtictaoon otnv tvGovAivn Tomov A
-1 L0 NTTLOL LOPPT
~vIEPAVOPOYOVaLUia, docLTPIYIGUOG 6€ acbeveig ywpig Tayvoapkio,
-KOAT TpOYVOOoN

Malecki M.T, 2008



A1TodLVGTPOPLEC

* Ot Amoovetporieg yopaktnpiloviot omd EKAEKTIKY] OTOAELL COUATIKOD AMTOVC

* Tlapatnpeita:
-qVENUEVN aVTIGTOGT) GTNV IVGOVALVT], DITEPIVGOVAMVOLLLLCL
2AN IGT
-OuGAuTIOaIia, (VITEPTPLYAVKEPLOOLLIOL)
-NTOTIKY] GTEATOON

-uehaviCovca axkdvimon
-AY

Malecki M.T, 2008



A1TOOVGTPOPIES

e 2vyyevng yevikevuévn mmodvotpodia (CGL):
~YEVIKELUEVT] OTTOAELN ATTOVG
-EKGECGTULOGUEVT OVTIOTOGT] GTNV LVGOLAIVY
-owa e and v epnPeia

-EKGECT|LOGLLEVT] DTTEPTPLYAVKEPLO QUL

*  OwoyevNnc LeEPIKN MTOOVGTPOGia
-Awmoatpo@io oTol AKPO, TOV KOPLUO KOl TOLS YAOLTOVG
-QVTIOTOGT) GTNV VGOVAIVT
-OumepyAvKapuia-otoNng
~vIEPALTIOOLLLIO
Malecki M. T, 2008



> UYVYEVEIC AINOQUCTPOPIEC

CGLD T1 CGLD T2 CPLD CPLD
(AGPAT2) (BSCL2) (LMNA) (PPARY)



Vigoroux et al., The International Journal of
Biochemistry & Cell Biology 43 (2011) 862-876

A Healthy Adipose Tissue |
Insulin Receptor
Lipid Droplet
asl Ll k Free Fatty Acids

Adiponectin
Leptin



B Lipodystrophic Adipose Tissue

Vigoroux et al., The International
Journal of Biochemistry & Cell
Biology 43 (2011) 862-876

Insulin Receptor

- : - Lipid Droplet

- & Oxidative Stress
Insulin Resistance
' ROS LIPOTOXICITY

\ Adiponectin

Cytokines /| Chemokines

/ Inflammation and Remodeling
1 1 |

LIPOTOXICITY
Metabolic Alterations

1 Glycemia 1 Lipids

‘e

Liver Muscle Heart Vessel

Steatosis
NASH

risk

M1 Macrophage
proinflammatory

Cardiovascular



A1oovoeTpoPia
mote Bo vToYlaGTOOUE TN O1AYVMOON;

2uvnbmc, un ToyvoopkKol acOevels e
— TPMOIUTN O1yvmon owanTn
— cofapr) vepTPryAVKEPLOUILIL
— Mmt®on ombnon Nrotog
— VEYPOELON aKAVO®GN

— aVTIoTOOT GTNV LVGOLALVN
— PCOS
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['evetikd cuvVOpoua TOv oyeTiCovTal Le oMt

20VOpPOLO TTOV GYETILOVTOL LE TTAYLGAPKINL:

-Alstrom, Laurence-Moon-Biedl, Bardet-Biedl, Prader-Willi
XPOUOGOUIKES OVOUAAEC:

-cvuvopouo Down, Klinefelter, Turner
Nevporoyikd voorjuota:

-Friedreich’s ataxia, Huntington’s, pootovikn ovctpo@ia
[TaBnocelc e eEmKpvoLg Loipac TOL TaYKPEATOC:

-KUGTIKT] VOO, UUOYPOUATOCT
AlAo cOVOpPOLLOL

-topevpia, covopouro Wolfram (DIDMOAD)



H ocuvdpopun TnG FEVETIKNG: ano TNV naboyeveia
TOU ZA2 oTnVv Iarpikn AkpiBeiac

Obesity  B-Cell Failure

Type 2 Diabetes (T2D)

Lipodystrophy  Non-Alcoholic
’ . Fatty Liver Disease
\ (NAFLD)

== B-Cell Failure Randomization and

real-world trials
simultaneous to
implementation

Differential approach
to treatment based

on pPRS-pathway

= Lipodystrophy

il

& .
L L ]
I I )
Dx of T2D treated as homogeneous
PPRS can identify the proportion
gy At et o il
d i . phenotype/processes

Kim, D.S. et al. J Am Coll Cardiol. 2021;78(5):496-512.

Partitioned polygenic risk scores (pPRS) can identify the intermediate phenotypes that are driving T2D pathogenesis in a specific patient. With further research
(preferably with randomization concurrent with clinical implementation), we aim to develop an evidence base similar to that with monogenic diabetes that tailors
prevention/treatment strategies based upon a specific patient's genetics and pPRS-identified pathologic pathways. B-cell — pancreatic beta cell.
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