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Genetics of Diabetes

Naoko IWASAKI
Department of Medicine III, Tokyo Women's Medical University School of Medicine

We had a significant advantage during recent two decades in identifying the causative mutations and sus-

ceptible polymorphisms in genes responsible for the development of diabetes. These findings elucidate the patho-

genesis of diabetes mellitus through the functional analysis of those genes. Genetic basis of diabetes mellitus con-

sists of autosomal dominant type younger-onset diabetes including MODY, maternally inherited diabetes due to

mitochondrial gene mutation and complex trait disease including both type 1 and type 2 diabetes mellitus. We de-

scribe clinical presentations of MODY and mitochondrial diabetes as well as the identification of KCNJ15 gene as

a newly identified type 2 diabetes susceptibility genes. Finally, we show the current status and issues to be

solved of genetic counseling in diabetes field for better understanding of a clinical application of genetic test.

Key Words: MODY, MIDD, susceptibility gene, genetic counseling
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Table 1 Etiological classification of diabetes mellitus and glucose metabolism disorders

L Type 1 (destruction of pancreatic B-cells, usually leading to absolute insulin deficiency)

A. Autoimmune
B. Idiopathic

II. Type 2 (ranging from predominantly insulin secretory defect, to predominantly insulin resistance with

varying degrees of insulin secretory defect)

0. Due to other specific mechanisms or diseases (see Table 2 for details)

A. Those in which specific mutations have been identified as a cause of genetic susceptibility
(1) Genetic abnormalities of pancreatic B-cell function

(2) Genetic abnormalities of insulin action

B. Those associated with other diseases or conditions

(1) Diseases of exocrine pancreas
(2) Endocrine diseases

(3) Liver disease

(4) Drug- or chemical-induced
(
(

)
)
) Infections
)

(oK)

Rare forms of immune-mediated diabetes

(7) Various genetic syndromes often associated with diabetes

IV. Gestational diabetes mellitus

Those that cannot at present be classified as any of the above are called unclassifiable.
The occurrence of diabetes-specific complications has not been confirmed in some of these conditions.

5 BETFEE IPMEMT S5 Nh/2?. MODY OFIHE
ZFIX 44 6 FE3H T, MODY2 EIZTFLAHITRT
BRERFEZI—NL, BORE - 51t - HERRCHE
LTBYERMICBHREREOBEICESL Z & H
5,1(1) BEBMBEEICI L LEETERE] &
I R A VR VEEFEEREZEEA
VAN VIEDORERE LTHSh, BA YR /M
FEZIFELE 3 57%, TEREEEDORESE WO
RROBEREBLT & EHEbN T ol &2 A
B, AVR) VBIEFEREZEFETHLIMAA R
YUANVIZHIET L, 9 LETMODY OERRA
AT RBRPIMBIEDS T HE SNEH X ED T
5Y. SHITBMHBEREBERREZ & PET A carboxyl
ester lipase (CEL) Bz FE¥EH#H MODY DORAA
ERTHENH LI ENFHELMIESNAY. MODY
EBEANTOERCRET A7, Fkier—ALt L
T/ Vvaxr—E¥RETFERH (MODY2)" L IPF-
1 EETEEM (MODY4)" T, SEEERFINHE S
NTW5. WHEL DICEETH Y FrAERIERBEOWR
BErRd. /2, FA—FKFRMIZMODYI & MODY3
PRIET 5 BERIRVIER S SN TV BY.

2. RERFEKICHITS MODY Hi%
EHIRE L FERREERK L & —IEES
DEBEEOHPH FRDERIZERT 5 1257 % &
O, 15 DEERIEFBICDOWT 1990 FICARHERR IS
WELZY. 20%, Iho0) b IFRRLP S DNA
ZEL, SFARATHREERFEHELLD, O

IZ 1 MODY5 (it 5 <140 B ; Family No.6)",
MODY1 (B & T16l B ; Family7)"7% & Ui
MODY3 (HAT 1 #IB ; Family 8, 10)?A & T
W7z (Table 3). F7z, 2% HOFKRIE HNF-3p #fx
FERENFD S /-, HNF-3p EEF1id MODY 0%
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Twizw?  Zhs MODY EF O RREEEF I he-
patocyte nuclear factor family (2B L, & LTHEP
MiRE, FFHE, B TREIAL VWL I E,L, BEN
FE S NIERNC DWW T HRED L OBEREEDIRE
L BRI T — ¥ 12OV THRE L7z F O3,
MODY5 iZ MODY1 % MODY3 & i2&7: 0, FHeat
BIUBEBREBRZOAHIROONS T &% 1998
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BHHNTHEZLFECAMENTVS. 51
MODY JEBI 2 UL L, RFWERF £ >~ & — THRET L
72 MODY1 %5 6 O HBUHE & F % RS %
Table 4 [Z7R7. ZOMENZHBWTIE MODY3 O
BERRD BP0 72, KBIZBWTRKOKE %
TolrMERRD LMLV D, EEDS DR
BATHAIZEB 5 MODY O#EE L LT LIZLIEF]
Aa3hTws., —7, EEIZBWTHEA LRI
MODY3 DHEEARE D BV EAREENTWVAS.
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Table 2 Diabetes mellitus and glucose metabolism disorders due to other specific mechanisms and diseases

A. Those in which specific mutations have been identified as a
cause of genetic susceptibility

(1) Genetic abnormalities of pancreatic f-cell function. Insulin
gene (abnormal insulinemia, abnormal proinsulinemia, neona-
tal diabetes mellitus)

HNF 4o gene (MODY1)
Glucokinase gene (MODY2)
HNF lo gene (MODY3)
IPF-1 gene (MODY4)
HNF 18 gene (MODY5)
Mitochondria DNA (MIDD)
NeuroD1 gene (MODY6)
Kir6.2 gene (neonatal diabetes mellitus)
SURI gene (neonatal diabetes mellitus)
Amylin
Others
(2) Genetic abnormalities of insulin action
Insulin receptor gene

(type A insulin resistance, leprechaunism, Rabson-Menden-
hall syndrome etc.)

Others

B. Those associated with other diseases or conditions

(1) Diseases of exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasm
Hemochromatosis
Others

(2) Endocrine diseases
Cushing’s syndrome
Acromegaly
Pheochromocytoma
Glucagonoma
Aldosteronism
Hyperthyroidism
Somatostatinoma
Others

(3) Liver disease
Chronic hepatitis
Liver cirrhosis
Others

(4) Drug- or chemical-induced
Glucocorticoids
Interferon
Others

(5) Infections
Congenital rubella
Cytomegalovirus
Others

(6) Rare forms of immune-mediated diabetes
Anti-insulin receptor antibodies
Stiffman syndrome
Insulin autoimmune syndrome
Others

(7) Various genetic syndromes often associated with diabetes
Down syndrome
Prader-Willi syndrome
Turner syndrome
Klinefelter syndrome
Werner syndrome
Wolfram syndrome
Ceruloplasmin deficiency
Lipoatrophic diabetes mellitus
Myotonic dystrophy
Friedreich ataxia
Laurence-Moon-Bied| syndrome
Others

The occurrence of diabetes-specific complications has not been confirmed in some of these conditions.

THDH, ARBU% B MBI ONE RS W R
FH AR TH o7, BREEWMABRTIFML 721 ~
AN AWEENE, TEBUORLAEFERARACBITS
75g FWINERM RO Y 2 VME(Z%1E) L1k
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Bl F 26 A% & R, A YR O oL B BT
(OHA), 3BIDA v R VIBEFRTH o7z, 9 Fik
S BIDS/NRFRAEFER I THERF E B S Tnb 2

EdD, FRRRTHERREEZELN, FBITHERWE
MHY, BiEEDT, GAD PRI RO A ILTH
MAYIC MODY3 % 589 LEDH 5. 7%B, MODY3
BIEFERIZER T 200 L LHRE ST 5.
3. 4/ LIEBEREICKS MODY

KEFEICEETFEEY V¥ —HERIL S iz 2006 &£
DABE, IR ) v 7 REEDHEY L7 MODY
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Genetics of diabetes

.
/ / \L \ > . o
Monogenic disease  Maternally inherited Multi-factorial
disease disease
Mitochondrial gene Multiple genes

Single gene

MODY : MIDD : Type 1 diabetes mellitus
Maturity onset dinbetes of Maternally inherited ) & .
the young diabetes and deafness Type 2 diabetes mellitus

ND:

Neonatal diabetes

Figure Genetics of diabetes
MODY and neonatal diabetes are typical monogenic disease and only 5% of environment
factors and 95% of genetic factors are contributed the development of diabetes.
Mitochondrial diabetes including MIDD (maternally inherited diabetes and deafness) and
MELAS (mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes)
are inherited associated with 3243 A to G mutation in the mitochondrial gene, and clinical
manifestation is widely varies according to heteloplasmy rate within each organ.
Type 1 and type 2 diabetes are multifactorial disease which develops based on interaction
of genetic background that consisted of SNPs in the multiple susceptible genes with small
effect size in addition to environmental factors.

Table 3 12 MODY families and microvasucular complications

Number Retinopathy Nephropathy
Family of Mutation - ,,
MODY Absent SDR PDR Blind Absent Incipient Overt  ESRD
1 2 ? 2 1 2 1
2 1 HNF-3313 2 2 2 1
3 1 ? 1 1
4 1 ? 1 1
5 2 ? 1 1 1 2 1
6 2 HNF-1p10 2 3 2 2 1
7 2 HNE-4o!b 2 2 2 1 1
8 1 HNF-10/2 1 1 1 1
9 1 (Not tested) 1 1 1 1
10 2 HNF-1012 2 2
11 1 (Not tested) 1 1 1 2
12 2 (Not tested) 3 1 2

Clinical characteristics of microvascular complications of 12 families of clinically diagnosed MODY are shown.

Nine families were analyzed for causative genes and mutations in MODY genes were identified in five families among them.

SDR: simple diabetic retinopathy, PDR: proliferative diabetic retinopathy.

B, 5/8ER (625%) TERENEE SNz, €D
PERIZ MODY3 %4 8, MODY5 A3 11T (385 3
BLEAE), %13 ) MODY3 O¥EE L& o 72,

MODYS5 #1338 % OEEEFREEICL > TRET
EBRERTERL, REFEHINTVEY /) Ak

BEHIT, 79 Y AANMODY IZBWTHES N
HNF-1B Bz T2 % & A 758 1.3Mb i & & { [H
CHBOFT VVREEETHEGTH - 7270 &
DEI Ry AEERE LT RNT729I121E MLPA
B (multiplex ligation-dependent probe amplifica-
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Table 4 Six MODY genes and clinical presentations

Prevalence at

MODY Gene name Clinical presentations Diabetes Center

1 HNF-4o: Hepatocyte nuclear factor-4o Microvascular complications, decreased levels of 1/57
TG, Apolipoprotein All, CIII, Lp (a).

OHA or insulin therapy is common.
2 GCK: glucokinase Mild form of diabetes, not progressive. 0/57

Onset often seen in child food. Diet or OHA thera-
py is common.

Homozygous carrier shows neonatal diabetes.
3 HNF-1o: Hepatocyte nuclear factor-lo Microvascular complications. 6/41
High sensitivity to Sulphonylurea
Low threshold for urinaly glucose.
Elevation of Proinsulin/ insulin.

4 IPF-1: Insulin promoter factor-1 Homozygous carrier shows neonatal diabetes and 0/57
agenesis of pancreas.

5 HNF-1B: Hepatocyte nuclear factor-18 Uro-genital malformations and dysfunctions. 1/57
Renal cysts are very common.

6 NeuroD1/Beta2: Nerogenic differentiation 1 Low prevalence in worldwide. 0/57

— CEL: Carboxyl ester lipase Autosomal dominant type of chronic pancreatitis —
and diarrhea, with some cases associated with dia-
betes.

= Insulin Clinical presentations are widely distributed from ==
type 1lb diabetes, MODY to familial hyperinsu-
linemia.

Table 5 Clinical characteristics of patients with MODY3 in Japanese subjects

Glucose * Insulin *

) Agest ) Durat_ion )
Mutation 0 30’ 0 30 diagnosis (Y1) without insulin
I (omol/L) after diagnosis

G191D 6.2 9.1 456 1464 64 (Diet)
K205Q 51 105 312 2214 17 (Diet)
P379fsdelCT 102 15.0 504 1284 15 (OHA)
1584S585fsinsTC == — — 13 less than 1 year
R263C 74 129 18.0 324 28 (Diet)
T392fsdelA == = — 16 18 years
R131Q = == == 9 18 years
L12H 6.1 11.3 174.0 240.6 9 (OHA)
E275 137 — — = 10 (OHA)
D284fsdelG 438 6.5 18.0 36.0 13 (OHA)
Normal Japanese 49 79 534 2280
Control (n=50) +05 +18 +18.1 +180.0

Mean age at diagnosis of MODY 3 is 14.4+59 years of age for subjects excluding one late-onset subject
with G191D mutation.

OHA: oral hypoglycemic agent.

Glucose and insulin values are derived from meal tolerance tests. Normal Japanese data were derived
from 75 g oral glucose tolerance test of 50 subjects with normal glucose tolerance as a reference (data
are shown with mean = SD).

tion) 7 L 4 CGH {# (array comparative genomic SNzl Ed, BINWTRTHFETHA L) BHE
hybridization) 2SO 5. EZFSITHAT B WIZBIEFERDOREEZMND 7/ LBERELED
HORMER Z2#HE LAY BicddxzL I, NETH5. 7/ LEERFEITL S5 MODYS R4
MODY5 3 EHEEEECEREZ MO &3 5 IRE BAR7zA ¥ R VEEFERFTIMEGAIE L L
JERRDBR 2 AT H I EDNE N &2 SEHERK Zwv., T b OREFNIIERERICE 5 TMODY &
DWIES TH BHD, HEERHIREE TEREIRD BT IREBENELL-DIHERFLRET S
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Table 6 Clinical presentations of 8 subjects with 3243A to G mutation in the mitochondrial gene who developed end-

stage renal disease

Subject 1 2 3 4 5 6 7 8

Sex F M M M F M F M
Present age (years) (49)2 (41)? 42 60 47y 50y 50 41
Height (cm) 148.0 159.6 159.2 151.0 140.0 155.6 1495 156.6
BMI (kg/m?) 17.1 15.1 20.1 20.1 189 175 17.0 159
Maximum BMI 183 208 209 224 209 19.8 18.8 186
Current treatment Insulin Insulin Insulin Insulin Insulin Insulin Insulin Insulin
Complications

Neuropathy + + + + + + + +

Retinopathy PDR PDR PDR SDR PDR PDR PDR PDR
Detection of proteinuria (years) 27 33 b 39 b 27 27 *
Age at diagnosis of diabetes (years) 39 27 27 40 29 22 22 20
Age at start of dialysis (years) 43 40 37 53 47 45 47 38
Duration between diagnosis of diabetes 4 13 10 13 18 23 23 18
and start of dialysis (years)
Age at diagnosis of deafness (years) 36 NA 36 NA 25 40 42 31
Muscle biopsy (RRF) + + NT NT + + + NT
Brain CT/MRI NT NT

Calcium deposits + - - + - -

Atrophy + + + + + +

Infarction + - + + - +
Stroke-like episodes + + - - + + + -
MELAS + + + + +
Maternal diabetes + + - - + - + +
Family history of renal dysfunction + - + + - - - +

ESRD: End stage renal disease, BMI: body mass index, RRF: ragged-red fibers, CT: computed tomography, MRL: magnetic reso-
nance imaging, MELAS: myopathy, encephalopathy, lactic acidosis, and stroke-like episodes, NA: not available, PDR: proliferative di-

abetic retinopathy, NT: not tested.
2 Age at death, ® Evident at first visit.

25, BEPRD LN & H MODY R# A B v R
TRORIREZRT.

FRIRIZBT 5 MODY B&fzF#ZHoERE LT
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5",
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Ihay P TREFOEELREVERE 25
RELZ ST, BRBEERTHRbhEZI P2 FYT
BIZTEEEOF TIX 3243 (A—G) HEEIZLS
maternally inherited diabetes and deafness (MIDD)
& mitochondrial myopathy, encephalopathy, lactic
acidosis and stroke-like episodes (MELAS) 230/
TH 57, fRER WEERE R BEREO
BRI DI EDNEW), 4 VA VHWET, K
BE, REHEOEEIED TR CERRIZED
DEIBEZHTHSB. b2, IV FYTEREET
WIRMIERERIR Y V87 72 EOBFREEEEHHER

FRITIERZ S CRROONBLENRH Y, FERRE I3
VL7EREEORREICZ > TWAHAREENEDH S, £
T, EEHEOIIERFCENFORE 135 ZITH L
TR ) ==V 7 LR 9% (59%) 123243
(A—G) HERLRD, —F, WEEL L WEREL
ﬁé&wﬁﬁﬁﬁﬂm%¢mu%m&#otmwﬁi
REROFRCRIZEGEZOBEIX 1% HRiEFS N

TWwHpDTY, MERIKMEREED) 27 %65
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R B FR I N2 EHEHREZE L2 FEEL,
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