Monogénes diabetesek
molekularis genetikai vizsgalata

Glucose

Endoplasmic
reticulum

Nucleus Glucose

transporter

2\
gﬁ}iﬁ: T:\\NH Glucose
IPF-1 L)) Glucokinase
HEE;;‘%1 ’I’EIUCOSE—5~phOSphate Mitochondrion

W
I L—T’“g/J Glycolysis

Intracellular
Ca?* stores

ATP

Insulin- .@

contammg

granu; . @
@

o @

@ Insulin o

secretion

ATP

Voitage dependent

* channel ATP-sensitive

K+ channel

Ca2+ Depolarization

Fajans et al 2001




A diabetes spektruma genetikai szempontbol

Vaxillaire and Froguel 2008
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MODY — Maturity-Onset Diabetes of the Young

_ I-es tipusu DM | ll-es tipusu DM MODY

El6fordulas Gyakori lgen gyakori Ritka

Oroklédés Poligénes Multifaktoridlis  AD

Csaladi <15% >50% 100%

halmozodas

Tunetek Gyermekkor Felndttkor <25 év

Ketosis Gyakori Ritka Ritka

Obesitas +/- >90% +/-

Autoimmun  + - -

Patofizioldgia [3-sejt Inzulin B-sejt
destrukcid rezisztencia diszfunkcio

Nyunt et al 2009 alapjan



- az 0sszes diabetes akar 1-2%-a is lehet Eurdpaban, gyakran nem

A MODY jellemzdi

- korai kezdet, altalaban 25 éves életkor el6tt
- csaladi halmozddas, tobb generacio lehet érintett
- autoszomalis dominans oroklédés
- nem inzulin-dependens diabetes

- az obesitas hianya

- a béta-sejt-mikoddés primer zavara

kerul felismerésre
- klinikailag heterogén csoport

Gene symbol (other symbol)

GCK IHNF!A (TCFI) I |HNF4A I PDX1 (IPF1)  NEURODI HNFI1B
(TCF2)
Protein Glucokinase Hepatocyte Hepatocyte Insulin Neurogenic Hepatocyte
nuclear factor-1 nuclear factor-4 promoter differentiation nuclear
alpha alpha factor-1 1 factor-1 beta
Chromosome locus 7pl3 122431 20q13.12 13ql12.2 2q313 17q12
Gene Accession no. NM_000162.2 NM_000545.4 NM_000457.3% NM_000209.2 NM_002500.2 NM_000458.1
OMIM * (Gene) 138079 142410 600281 600733 601724 189907
OMIM # (Phenotype) 125851 600496 125850 606392 606394 137920
Mutation frequency (%) (not 2050 20-50 ~5 ] <] ~5

known in ~20% of cases)

Ellard et al 2008



A MODY altipusok glikoz szintre
gyakorolt hosszutavu hatasa ktlonb6z6
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A MODY genetikai vizsgalatok célja

1. Diagnozis: a MODY klinikai diagnézisanak alatamasztasa.

2. Prognozis: az eltér6 MODY szubtipusok nagymértékben
eltérd prognozissal birnak.

3. Korai beavatkozas: a MODY koroki eltérés kimutatasa korai
felismerést tesz lehet6évé (aszimptomatikus kaszkad
vizsgalatok). Diabetes komplikacidk elkeriilése/ késleltetése.

4. Adekvat terapia vagy a szukségtelen terapia elkerulése.

Molekularis epidemioldogia - hazankban nem ismert a
prevalencia, a mutacids spektrum, de még a betegség sem.



MODY fenotipust okozo gének

MODY1: hepatocyte nuclear factor-4-alpha gén (HNF4A).
MODY2: glikokindz gén (GCK).

MODY3: hepatocyte nuclear factor-lalpha gén (HNF1A).
MODY4: pancreas/duodenum homeobox protein-1 gén (PDX1).
MODY5: hepatic transcription factor-2 gén (TCF2) = HNF1B.
MODY6: NEUROD1 gén.

MODY7: KLF11 gén .

MODY8: diabetes-pancreatic exocrine dysfunction syndrome, CEL gén.
MODY9: PAX4 gén.

MODY10: inzulin gén (INS).

MODY11: BLK gén.



GCK-MODY (MODY2)

- Pancreas gliikoz szenzor

- Sziletést6l emelkedett éhomi vércukor (5,5-9 mmol/L)

- OGTT: kicsi emelkedés (< 3mmol/L)

- Nincsenek extra-pancreatikus jellemzék

- Gyakran aszimptomatikus (gyakorisag a szlrési szokasoktol fligg)

- Gyakran GDM-ként jelentkezik (terhesek automatikus szlirésel!): a
gestatios diabetes 5-6%-anak hatterében GCK MODY allhat

- Szovédmeények nincsenek, kezelést altalaban nem igényel - fontos a

felesleges terapia elkerulése
Table 2 Clinical criteria based on which a diagnostic genetic test for GCK MODY may be considered (from Ellard,

S. et al, 2008 (22)).

Clinical criteria based on which a diagnostic genetic test for GCK MODY may be considered

Fasting Hyperglycaemia 1s > 5.5 mmol/l, persistent and stable over a period of months or years

HbA ¢ just above upper limits of normal, rarely exceeds 7.5%

In an OGTT the increment 1s small (< 4.6 mmol/])

Parents may have type 2 diabetes, with no complications, or may not be diabetic




Table 1. Characteristics of a Subgroup of Participants in the 2 Groups

Median (IQR)
GCK Group Control Group ¥T2D Group
Characteristics (n = 99) (n = 91)3 (n=83)
Men, No. (%) 20 (20) 41 (45) 52 (63)
Current age, y 486 (40.1-62.7) 522 (42.3-64.8) 54.7 (49.2-52.0)
BMI 26.1 (22.3-29.3) 28.0(253-31.2) 322 (28.3-37.0)
Age hyperglycemia or 33 (24-44) NA 40 (35-42)

diabetes diagnosis, ¥

———

Flgure. Scatterplot of glycated hemoglobin (HbA,.) by Age In Patlents
With GCK (n=117) Compared With Control (n=105)
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@ Patients with GCX mutations (n=117)
& Control (unaffected family members) (n=105)

"By comparing GCK mutation

carriers with unaffected

.-
a_B “‘l b ] .‘ﬂ

‘l"il.ﬂ ﬁt

& B
'r‘i"' : relatives, it is as if the
g investigators had collaborated
with nature to perform a

hyperglycemia, with

. g“: o - : randomized clinical trial of mild
a B | !
. - -] ﬂﬂu anﬂ

o * P . randomization occurring at the
time of allele assortment in

=

meiosis."

40 S0 &0 70 am o0

Age,y
Steele et al JAMA 2014



Table 2. Prevalence and Severity of Complications in the 3 Groups

No./Tatal (% [95% CIT) of Participants PValue
GOk Control Y120 GCK vs Control ~ GCK ws YT2D
{n =99) {n=191}) [n=83) Groups Groups

Microvascular Complications

— .
Persistant microalbuminuria 1/97 (1 [0.2-6]) 2/89 (2 [0.2-8T) 17/80 (21 [13-32]) 60 <001
Proteinuria 0/37 {0 [0-4]) 0/91 (D [0-4]) 8/80 (10 [4-19]) >.99 <001
Any degrea of retinopathy 27/90 (30 [21-41]) 12/87 (14 [7-23]) 52/83 (63 [51-73]) 007 <.001
Badcgml.md retinapathy (all severities) 1?;90 .:30 m-u]] 12/87 (14 rr 23]) 34;33 (41 [3:: 51]}

<5 Microaneurysms 22/27 (81 [62-94]) 12/12 (100 [74-100])  13/34 (38 [22-56]) 02 05
>5 Microaneurysms 5/27 (18 [6-38]) 0/12 (0 [0-26]) 21/34 (62 [44-78])

Preproliferative retinopathy 0/30 (0 [0-4]) 0/87 (0 [0-4]) /83 (8 [3-17]) > 99 005
Proliferative retinopathy 0/30 (0 [0-47) 0/87 (0 [0-4)) 8/83 (10 [4-18]) > 99 002
Maculopathy 0/30 m [u-sm 0/87 m [ﬂ—4]] 1?,:33 (20 [z 311} >.99 <001
Advanced eye disease 0/90 (0 [0-4]) 0/B7 (0 [0-4]) 3/83 (4 [1-10]) >00 o5
Lasar therapy for retinapathy 0/30 {0 [0-4]) 0/87 (D [0-4]) 23/83 (28 [18-39]) .99 <001

Peripheral neuropathy® 2/93 (2 [0.3-8]) 0/89 (0 [0-4]) 24/83 (29 [20-50]) 16 <001

Macrovascular Complications

Vascular
Intermittent claudication® 0/37 (0 [0-4]) 0/91 (0 [0-4]) 5/83 (6 [0-13]) >.99 14
Significantly reduced ABPI 0/97 (0[0-3]) 0/91 (0 [0-3]) 0/83 (0 [0-4]) >09 >09
(ABPI<5.0)
Significantly increased ABPI 1/97 (1 [0.2-6]) 3/91 (3 [0.7-9]) 9/83 (11 [5-20]) 30 006
(ABPI=1.40) B B R )
Amputation 0/97 (0 [0-4]) 0/91 (0 [0-4]) 4/83 (5 [1-12]) .10 04
Peripheral vascular disease® u93 {1 [&5]} 3/88 13 [ﬂ—ﬂ]] 13;33 [15 [e- 25]1 30 <001

Angina® 4/93 (4 [1-10) 10/89 (11 [5-19]) 18/83 (22 [13-32]) o7 <001
Myocardial infarction 2/83 2 [0:2-7) 2/97 2 [0.2-8]) 5/83 (6 [2-14) 99 16
Ischemic haart disease’ 2/99 (2 [0.2-7]) 5/91 (5 [2-13]) 13/83 (16 [10-29]) 32 001

ur:];f::: coding: coronary disease 9/69 (13 [6-23]) 20/81 (25 [16-36]) 19/75 (25 [16-37]) 07 06

P

: Eemhral'u'asml;rmmls

Stroke 0/39 (0 [0-4]) /91 (0 [0-4]) 4/83 (5 [1-12]) > 99 04

Steele et al JAMA 2014



GCK

B-Cell Liver
promoter promoter

—> —>

A10fs
IVS1A+1G>T

IVS3-2A>G V203A_ IVSB-2A>T
Q26X IVS3-1G>T T228A
L30P L122v T206R T228R
V33 K39dup Y125del T228M
Y125_D132dup M210K  N231fs
Q38P  G72R C129Y M210T ~ M235T
E40K D73G 1130T Gle2fs  C213R  M238fs
ResH  ([BEH) s1s1P L164P Y215X  Q239R
G44S D78 L134P T168P E216X E248X
G44D  GBOS H137R K169fs E220X M251V
G44fs  GBOA  Q138P K169N E221K  M251l
H50Y  G81S F171L G2238  C252R
H50R  V8ofs T149P M224T  C252Y
A53S E93del10  T149l 75 |1225F E256K
2 3 4 5 6 7
Ve2M  QosX F150del  G175E 1225M W257R
V62A  W99X  F150S G175V V226M  G258C
E70K VI0OIM  F150L G178R V226fs  A250T
T103N  S151fs N180K G227C  G261R
K104fs  V154fs V181A IVS6 +2T>AG261E
Y108H  H156Y V182M S263P
Y108C  E157K R186X G264S
Y108F  K161N A188T
Y108X  IVS4-+2del10 A188E E268X
1110T IVS4+2del15 R191W L271del22
P111L R191Q R275C
A119D G193R D278E
IVS3+1G>A IVS5+1del33 E279Q
IVS3+1G>T E279X
S281F

IVS7-1G>A
Q286X
G294D
G295fs
M298K
G299R
E300Q
E300K
L304P
L309P
V310fs

F334is
S336L
E339G
IVS8+2T>G

IVS9-7del11
IVS9-1G=C
T342P V427fs
R358X S433_1436del
S360X C434Y
V367M S441W
R369P S445fs
R377C G446R
A378V R447fs
H380Q R447Q
9 10
c382y S453L
S383fs S453X
S383L A454V
5383X A460fs
A384T
G385V
A387T
A387V
R392C
E395 R403del
V401fs
1404fs
14045
G407S
S411F
K414E
L415V
IVS9+1G=>C
IVS9+1G=>T

c.106C>T, p.R36W (Nyiregyhaza) — ismert mutacio
c.232G>C, p.D78H (Nyiregyhaza) — ismert mutacio
c.467T>G, p.L146R (Nyiregyhaza) — ismert mutacio

c.702C>A, p.Y234X (Budapest) — ismert mutdcid
c.952G>C, p.G318R (Szentes/HbédmezGbvasarhely) — ismert mutdcio




GCK - dsszefoglalas

24 beteg
(csalad)

Mutacié nem Mutacio
detektalhato: 8 kimutatva: 16

. Ismert
Uj mutacio: 5* , .,

*c.580-11C>T

Detektdlasi szenzitivitas: 16(15)/24.
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. Eredmény
Molekularis gen.vizsg.eredm.: A gliikokinéz gén molekularis genetikai vizsgélata
(GCK gén analizis)

EREDMENY:
Heterozigéta c.872A>T (p.K291M).

MODSZERTAN:
A GCK gén exonjait 9 PCR reakci6val amplifikaltuk. A PCR termékeket
bidirekcionalis DNS szekvenalassal vizsgaltuk.

INTERPRETACIO:

1. A c.872A>T a szakirodalomban korébban le nem irt eltérés, patogenitdsara
utalhatnak az alabbi tények:

- Az ember és szamos 4llatfaj esetén a GCK gén 291. aminosav helye
konzervativ.

- A 291.aminosav helyen mas aminosav cserével jaré (p.K291E) MODY-t
okoz6 eltérést mar publikaltak (Osbak et al, Hum Mutat 2009;30:1512-26).

- A GCK gén ezen régidjaban, a 289-295-6s kodonig, minden egyes aminosav
helyen, kiilnbz6 aminosav cserével jar6 MODY-t okozé mutaciét mar leirtak.
- A GCK génben a 197-es, a 251-¢s, és a 298-as aminosav helyen a
metionin/lizin misszensz mutacié is igazoltan nagyon magas rizikoju predikciot
jelent MODY-ra nézve.

- A vér szerinti csaladtagok célzott molekularis genetikai vizsgalata NN
. D s I csctében a mutacio oroklddését
igazolta heterozigota formaban, amely genetikai statusz tokéletesen korrellal a
diabetessel, mig a nem érintett csaladtagok esetében a mutécié nincs jelen.

2. Az eredmény I csctében valoszindsiti a glikokindz MODY
(MODY?2) diagnozisat.

JAVASOLT:
1. Genetikai tanacsadas.
2. A diabetes jelenleg alkalmazott terdpidjanak attekintése.

Elfogadta: Dr. Balogh Istvan
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Molekuléris gen.vizsg.eredm.,: A gliikokinaz gén molekularis genetikai vizsgalata

(GCK gén analizis)

EREDMENY:

Heterozigéta c.115_117delAAG (p.K39del).

MODSZERTAN:
A GCK gén 2-es exonjat 1 PCR reakcioval amplifikaltuk. A PCR terméket
bidirekcionalis DNS szekvenalassal vizsgaltuk.

INTERPRETACIO:

1. A csaladhoz tartozo, mar vizsgalt beteg, _
heterozigdta a c.115_117delAAG mutéacidra nézve, igy az analizis soran célzott
molekuléris genetikai vizsgalat tortént.

2. A c.115_117delAAG kis deléci6 a szakirodalomban kordbban nem leirt
mutécid, patogenitdsa nem bizonyitott, bar nagyon valoszinii.

3. Az adott aminosav poziciohoz legkdzelebb es6 ismert patogén eltérés a
c.118_120delGAG (p.E40del, Osbak et al Hum Mutat 2009).

4. Csaladon beliili 6roklodés a MODY egyik sajatossaga.
5. Az eredmény esetében valdsziniisiti a gliikokiniz MODY
(MODY?2) diagnozisat.

JAVASOLT:

1. Genetikai tanacsadas.
2. A diabetes jelenleg alkalmazott terdpidjanak attekintése.

Elfogadta: Dr. Balogh Istvian



GCK p.K39del csalad

()

HbAlc: 6,6% HbAlc: 6,4% HbAlc: 6,6% | HbAlc: 5,8%
Gla: 4,6 mM Gla: 5,6 mM Gli: 5,1 mM | Gli: 6,0 mM
HbAlc: 5,2% HbAlc: 5,4% HbAlc: 6,7% HbAlc: 5,4%
Gli: 4,6 mM Gla: 4,4 mM Gla: 7,4 mM Gla: 4,4 mM

7

HbAlc: 6,8% HbAlc: 5,2%
Gli: 5,1 mM Gli: 4,7 mM




HNF1a-MODY (MODY3)

- A leggyakoribb MODY altipus

- Els6sorban maj és pancreas expresszio

- Kezdetben mérsékelt, kés6bb sulyosbodd hyperglykaemia
- Jellemz6 a glucosuria

- Microvascularis komplikaciék (nephro- és retinopathia)

- a betegek nagyon érzékenyek a sulphonylurea terapiara



HNF10-MODY (MODY3)

Table 3 Clinical criteria based on which a diagnostic genetic test for HNF14 MODY may be considered (from
Ellard, S. et al, 2008 (22)).

Clinical criteria based on which a diagnostic genetic test for HNFI14 MODY may be considered

Young onset, usually before 25 years

Non-insulin-dependent outside the normal honeymoon period (3 years), e.g. not developing ketoacidosis in the
absence of insulin, good glycaemic control on less than the usual replacement dose of insulin, or detectable C-

peptide measured when on insulin with glucose >8 mmol/l.

Family history of diabetes (at least two generations). At least two individuals within the family would typically

be diagnosed in their 20s or 30s.

OGTTs in early stages tend to show a very large glucose increment, usually =5 mmol/l. Some individuals may

have a normal fasting level but a value within the diabetic range at 2 h.

The absence of pancreatic islet autoantibodies.

Glycosuria at blood glucose levels <10 mmol/l is often seen, as these patients have a low renal threshold

Marked sensitivity to sulfonylureas resulting in hypoglycaemia despite poor glycaemic control before starting

sulfonylureas.

Several features suggesting monogenic diabetes rather than a diagnosis of voung-onset type 2 diabetes should
be considered: no marked obesity or evidence of insulin resistance in diabetic family members, absence of
acanthosis nigricans and whether the family is from an ethnic background with a low prevalence of type 2

diabetes (e.g. of European descent).




HNF1A — ismert és uj mutaciok

|

P 1 : Dimerization DMNA-binding Transactivation
rumn:: or region domain domain domain
5'UTR — .
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p.588fsinsGCCA®
p.568fsdel AC*

c.391C>T, p.R131W (Veszprém, Nyiregyhaza) — ismert mutacié
c.1522G>A, p.E508K (Hédmezbvasarhely) —ismert mutacio

o

@

.

Vi

c.751G>A (p.A251T)

Csaladtag | Mutacid | Diabetes | Felismerése
1/1 + + 25 évesen
/1 + + 39 évesen
1/2 - - -

/1 + + 19 évesen




HNF1A - 6sszefoglalas

19 beteg
(csalad)

1

Mutacid nem
detektalhato:
14

Mutacio
kimutatva: 5

Ismert
mutacio: 4

Uj mutacid: 1

Detektalasi szenzitivitas: 5/19.

Beklld6k: Budapest, Debrecen, Hodmezdvasarhely, Nyiregyhaza, Pécs, Szolnok, Veszprém.



A CRP, mint HNF1A biomarker
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The promoter region of the human C-reactive protein
R!Eg; gene comprises two distinct regions ixl’lfh, for
Acute Phase Responsive Elements) each one containing
information necessary and sufficient for liver specific and
IL-6 inducible expression in human hepatoma Hep3B

cells. In this paper we show that both APREs contain
a low affinity binding site for the liver specific transcrip-
tion_factor HNF-1/LF-B1. The two sites are separated
by ~80 bp. Mutations in either of the two sites abolish
inducible expression. The same effect is specifically

EMBO, 1990

Polymorphisms of the HNF1A Gene Encoding
Hepatocyte Nuclear Factor-1a are Associated

with C-Reactive Protein

hs-CRP mg/L
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Owen et al, 2010
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Autoimmune
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GCK-MODY Non-diabetic
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MODY1: hepatocyte nuclear factor-4-alpha gén (HNF4A).
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Structure of the HNF4A gene
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HNF4o0 and Human Disease
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Hemophilia B Leyden: Substitution of Thymine for Guanine at Position — 21
Results in a Disruption of a Hepatocyte Nuclear Factor 4 Binding Site in the
Factor IX Promoter

By Marlene J. Reijnen, Kathelijne Peerlinck, Diedka Maasdam, Rogier M. Bertina, and Pieter H. Reitsma

Hemophilia B Leyden is an X chromosome-linked bleeding
disorder characterized by an altered developmental ex-
pression of blood coagulation factor IX. This form of hemo-
philia B has been found to be associated with a variety of
single point mutations in the factor IX promoter region. We
now describe a novel point mutation, T—G at position
— 21, in two related patients with the hemophilia B Ley-
den phenotype. This mutation lies within the factor IX pro-
moter region { — 40 to — 9) that contains overlapping bind-
ing sites for hepatocyte nuclear factor 4 (HNF-4) and
androgen receptor. Transient transfection assays in
HepG2 cells show that the — 21 mutation causes a signifi-
cant reduction in factor IX promoter activity. Gel mobility
shift assays and transient cotransfection experiments re-
vealed that the HNF-4—binding site but not the androgen-
responsive element is disrupted by the — 21 mutation. A
comparison of the — 21 mutation with the previously de-
scribed —20 T—A mutation (associated with the hemo-
philia B Leyden phenotype) and — 26 G—C mutation (as-

sociated with severe hemophilia B throughout life} was
made. It shows that the —21 mutation reduced HNF-4
binding and transactivation to a similar level as the — 20
mutation, whereas the — 26 mutation completely abol-
ished HNF-4 binding and transactivation. Mobility shift ex-
periments indicate that there was no significant difference
in binding affinity of recombinant androgen receptor pro-
tein for oligonucleotides containing wild-type and — 21 or
— 20 mutated DNA. The binding affinity for the oligonucle-
otide containing the — 26 mutation was twofold lower.
The results indicate that the disruption of the HNF-4—bind-
ing site by the =21 T—G mutation is the cause of the
bleeding disorder in these two patients. This study adds
further support for the notion that the recovery from hemo-
philia at puberty may not only be related to an intact andro-
gen-responsive element but also to the degree of disrup-
tion of the HNF-4-binding site.

© 7993 by The American Society of Hematology.



MODY5: hepatic transcription factor-2 gén (TCF2) = HNF1B.

MODY5: széles klinikai spektrum. Diabetes, pancreas atrophia, progressziv
nondiabetikus nephropathia, vese fejlédési rendellenességek, stb.

Maturity-onset diabetes of the young (MODY) 5 is caused
by mutations in the TCF2 gene encoding the transcription
factor hepatocyte nuclear factor-1p. However, in 60% of
the patients with a phenotype suggesting MODY5, no point
mutation is detected in TCF2. We have hypothesized that
large genomic rearrangements of TCF2 that are missed by
conventional screening methods may account for this ob-
servation. In 40 unrelated patients presenting with MODY5
phenotype, TCF2 was screened for mutations by sequenc-
ing. Patients without mutations were then screened for
TCF2 rearrangements by the quantitative multiplex PCR of
short Auorescent fragments (QMPSF). Among the 40 pa-
tients, the overall detection rate was 70%: 18 had point
mutations, % had whole-gene deletions, and 1 had a deletion
of a singdle exon. Similar phenotypes were observed in
patients with mutations and in subjects with large dele-
tions. These results suggdest that MODY5S is more prevalent

than previously reported, with one-third of the cases re-
sulting from large deletions of TCF2. Because QMPSF is
more rapid and cost effective than sequencing, we propose
that patients whose phenotype is consistent with MODYS5
should be screened first with the QMPSF assay. In addition,
other MODY genes should be screened for large genomic
rearrangements. Diabeles 34:3126-3132, 2005

aturity-onset diabetes of the young (MODY) is
characterized by the occurrence of nonke-
totic diabetes of early onset, typically before
the age of 25, caused by primary insulin-
secretion defects and inherited as an autosomal dominant
trait. Currently, heterozygous mutations in six different
genes have been identified as a cause of MODY. These
genes encode the enzyme glucokinase (MODY2 subtype)



MODYS5: hepatic transcription factor-2 gén (TCF2) = HNF1B.
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MODYS5: hepatic transcription factor-2 gén (TCF2) = HNF1B.

HNF 1B target genes implicated in human diseases
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A MODY molekularis genetikai vizsgalatok
parameterei

1. Analitikai validitas. A genetikai teszt képessége a pontos és megbizhaté
genotipizalasra.

Minden tipusd mutacioé okozhat funkciévesztést — mdodszertani kérdések : (mutdcids
szrémoddszerek, DNS szekvenalds, MLPA).

Nincs forré pont (HNF1A: c.872delC, p.Pro291fs a leggyakoribb eltérés).

Draga és lassu.

Prediktiv kaszkad tesztelés: a csaladi mutaciora korlatozadik.

Atfedd fenotipusok miatt: GCK, HNF1A, HNF4A parallel szekvenalds, MODY5 esetén
MLPA mindig.

2. Klinikai validitas. A genetikai teszt képessége a betegség pontos és megbizhato
el6rejelzésére.

Az ismert MODY gének a MODY fenotipus 80-90%-at irjak le. A bekiildott mintak 20-
30%-a bizonyul mutacié hordozdénak (GCK, HNF1A, HNF4A).



A MODY molekularis genetikai vizsgalatok
parameterei

2. Klinikai validitas (folytatas). A genetikai teszt képessége a betegség pontos és
megbizhato elbrejelzésére.

A HNF1A MODY penetranciaja magas: 55:

96%
Anyai mutacio altalaban fiatalabb korban 35 25 éves
torténd megjelenést eredmeényez. 79%

HNF4A: szintén magas penetrancia.

Genotipus-fenotipus dsszefliggések. Még azonos mutacio is okozhat fenotipusbeli
heterogenitast (azonos csalddon belil - GCK).

Segitik-e mas tesztek a betegség el6rejelzését? Vizelet glikdz mérés preszimptomatikus
tesztelésre.



A MODY molekularis genetikai vizsgalatok
parameterei

2. Klinikai haszndlhatdsag. A teszt hatasa a klinikai kovetkezményekre (klinikai
dontéshozatal segitése).

Diagndzis felallitasa.
Az altipus definidlasa.

Table 3. Making a diagnosis of genetic diabetes alters treatment in diabetes: the initial pharmacological treatment in
the different subgroups. (from Hattersley, A.T. (19))

Diabetes aetiology Treatment

Type 1 Insulin

Type 2 Metformin

MODY GCK MNone

MODY HNF1a Low-dose silphonylurea
MNeonatal Kiré.2 High-dose sulphonylurea

GCK = glucokinase; HNF = hepatic nuclear factor; SU = sulphonylurea.



A MODY molekularis genetikai vizsgalatok
parameterei

2. Klinikai haszndlhatésag (folytatas).

A SU akar 25 éven at is jo gliikoz kontrollt jelent HNF1IA MODY esetén.

SU started
Met stopped

l

10 R
9 SU stopped

= 8 Metstarted o,

& - —+

T 7- l

T i
6— *, é I.I
Sj e —— + 4
4 | T | I T | T I T | |

8 9 10 11 12 13

Years from diagnosis

Figure 4. Sulphonylurea (SU) sensitivity in a patient with an hepatic nuclear factor (HNF)1a mutation shown by
deterioration in glycosylated haemoglobin (HbA1c) on stopping SUs and starting metformin (Met) and
mmprovement of HbAl¢ on restarting SUs and discontinuing Met. (from Hattersley, A.T. (19))



A MODY molekularis genetikai vizsgalatok
parameterei

2. Klinikai haszndlhatésag (folytatas).

A metformin a 2-es tipusu DM elsévonalbeli szere — de nem HNF1A MODY esetén.

HNFle HNFlc
1 Type 2 MODY Type 2 MODY
0 ]
—q)
Change in
fasting -2 L
plasma
glucose =3 — .
with
treatment _4 _
{mmol/l)
=5
-6~ 1
7 Gliclazide Metformin

Figure 5. Hepatic nuclear factor (HNF)la MODY patients had a four-fold greater fall in fasting glucose on
gliclazide than body mass index and glycaemia matched type 2 patients (shown on the left), while the response to
metformin was similar (shown on the right) ) (from Hattersley, A.T. (19))



A MODY molekularis genetikai vizsgalatok
parameterei

2. Klinikai haszndlhatésag (folytatas).
A SU a HNF4A MODY esetén is hasznalando szer.

A terapia valtds hatasa (inzulin — SU) transzkripcios faktor MODY esetén.

Nem lebecslilendd az érzelmi/pszicholégiai hatds. Inzulin injekcid az élet része — félelem
az elhagyastol, nehéz elhinni, hogy nem kell (minél hosszabb ideje hasznalta, annal
nehezebb).

A terapia valtds hatasa (inzulin — semmi) GCK MODY esetén.
GCK MODY betegek nem igényelnek terapiat. Hospitalizacidban és glikdz
monitorozasban nagy csokkenés.



Eredménykozlés

1. Erintett beteg vizsgalata, patogén mutacié (nonsense, frameshift, splicing hely,
korabban igazolt missense).

'Eredményeink igazoljak a MODY diagndzisat (GCK, HNF1A, stb. altipus). A mutacio
patogenitasa igazolt. Csaladtagok célzott vizsgalata lehetséges.'

2. Erintett beteg vizsgalata, Uj mutacié (patogenitas valdszind).

'Eredményeink valdszin(sitik a MODY diagnodzisat (GCK, HNF1A, stb. altipus). A mutdcié
Uj, patogenitasara utalnak az aldbbiak: XXX. Csaladtagok (diabetes/hiperglikaemia) célzott
vizsgalata lehetséges.’

3. Erintett beteg vizsgalata, Gj mutacié (patogenitas nem valdszin(i).
'Uj mutdcio detektélva, de patogenitdsa nem valdszin(i. Az eredmények nem er8sitik meg
a MODY diagndzisat. Sziikség/lehetGség esetén tovabbi vizsgalatok ajanlasa.’

4. Erintett beteg vizsgalata, mutacid nincs.
'Az eredmények nem erdsitik meg a MODY diagndzisat. Sziikség/lehetfség esetén tovabbi
vizsgalatok ajanlasa.’

5. Prediktiv teszt, mutacidé detektalva. 'Igazolt genetikai prediszpozicid.'

6. Prediktiv teszt, mutacid nincs. 'Diabetes kialakulasanak valdszinlisége a populaciééval
azonos.'
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Glikoz szintek kilonb6z6 terapiakban
KCNJ11 mutacio esetén
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Eset

Beteg: sulyos, életet veszélyeztet6 diabetes. Felismerve: 3
honapos korban.

Terapia: inzulin (injekcio).

Jelenlegi kor: 18 év.

Molekularis genetikai hattér felderitése (KCNJ11 gain-of-function
mutacio).

A génhiba megtalalasa lehet6séget teremt szulfonilurea
hasznalatara és az inzulin teljes elhagyasara.

Eletmin&ség nagymértékd javulasa, egészségligyi koltségek
nagymertékd csokkenése.



OBSERVATIONS

Sulfonylurea Use
During Entire
Pregnancy in
Diabetes Because of
KCNJ1 1 Mutation: A
Report of Two Cases

utations of the KCNJI11 gene are
M a common cause of permanent

neonatal diabetes (PNDM) (1,2)
and sometimes result in other diabetic
phenotypes (2). Sulfonylureas (SUs) are ef-
fective and safe in most diabetic KCNJ11
mutation carriers (3). However, their ap-
plication risk is sometimes uncertain. We
have previously described glibenclamide
use in a pregnant woman with KCNJI1-
related PNDM (4); for the first time, we
report two cases treated with SU through-
out the entire pregnancy.

The first case was a Hungarian
woman with the E229 K KCNJ11 muta-
tion resulting in relapsing neonatal dia-
betes. The patient experienced remission
between the ages of 3 and 10 years, at
which point insulin was restarted. At the
age of 13, after genetic testing, the patient
was switched to gliclazide 60 mg/day. The
woman became pregnant at the age of
16 years. When she was referred to the
clinic in the 11th week of pregnancy,
HbA,. was 8.2%. Because diabetes was
brittle during the insulin treatment on
which she had been earlier, it was decided
to continue gliclazide; the Bioethical
Committee was informed. She was nor-
moglycemic (HbA,. 5.8, 5.2, and 5.2%)
on a stable SU dose. Cesarean delivery
was performed in the 38th week. The
Apgar score of the baby girl (birth weight
3,010 g) was 10 at the first minute; the
neonatal period was uneventful. Genetic
testing from the umbilical cord blood
showed the E229 K mutation. So far, the
baby, currently 18 months old, has not
been diagnosed with diabetes and is de-
veloping normally.

The second case, a previously re-
ported R201H KCNJI11 mutation carrier
with multiple diabetes complications
from Poland (4,5) became pregnant again
at the age of 39 years when she was on
glibenclamide 45 mg/day. Informed about
the risks, she ruled out switching to insulin
and decided to continue SU. HbA . at the

5th month of pregnancy was 5.8%. The
amniocentesis in the 16th week showed
the fetal DNA without chromosomal ab-
normalities or the R201H mutation. The
woman delivered prematurely in the 33rd
week via Cesarean section; the indication
was the mother’s status: edema, protein-
uria, and renal function impairment. The
latter was probably responsible for the
need for glibenclamide dose reduction
(10 mg/day). The Apgar score of the new-
born (birth weight 2,720 g, >90 percen-
tile) was 7 at the first minute. The baby girl
presented with decreased muscle tension
and cyanosis. She was also diagnosed
with hypoglycemia requiring intravenous
glucose, hyperbilirubinemia (treated with
phototherapy), and respiratory acidosis.
The latter was initially treated with continu-
ous positive airway pressure and then, for
2 days, noninvasive mechanical ventilation.
The recovery was uneventful. No birth de-
fects were recorded. The child’s develop-
ment at the 18th month was normal.

In summary, we provide evidence that
SUs constitute an alternative to insulin in
pregnant women with Kir6.2-related di-
abetes, particularly in those refusing stan-
dard treatment or not adherent to this
approach. The use of SUs did not result
in developmental abnormalities. As in
the first pregnancy (4), transient com-
plications occurred in the baby of the
mother with the R201H mutation receiv-
ing glibenclamide. Nevertheless, one
should be careful with attributing them
to the specific drug because they are com-
mon in prematurity.
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Vizsgdlat Eredmény

Molekularis gen.vizsg.eredm.: Neonatélis diabetes molekularis genetikai vizsgalata

(KCNJ11 gén analizis)

EREDMENY: Heterozigéta ¢.601C>T (p.R201C), (HGVS c.[601C>T]).

MODSZERTAN: A KCNJ11 gén exonjat 6 PCR reakcidval amplifikaltuk. A
PCR termékeket bidirekcionalis DNS szekvenalassal vizsgaltuk.

INTERPRETACIO:

1. A c.9601C>T a szakirodalomban szerepel, koréabban leirt mutéci6 (Gloyn et
al NEJM 2004;350:1838-49.).

2. Eredményeink megerdsitik [ esctében a neonatélis diabetes
diagndzisat.

JAVASOLT:

1. Genetikai tanacsadas.

2. A sziildi minték célzott analizise alapjén a genetikai eltérés 6roklédése vagy
de novo volta igazolast nyerhet.

3. Vér szerinti csaladtagok célzott molekularis genetikai vizsgélata.

Elfogadta: Dr. Balogh Istvin

Kovetkezmeény: inzulin elhagyasa,
a diabetes nagy ddzisu
szulfonilureaval torténé kezelése.
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Ndzsoalt . Eredmény

Molekuléris gen.vizsg.eredm.: A vérmintabol DNS izolalés tortént. A genomialis DNS-t PCR modszerrel

amplifikaltuk a KCNJ11 gén megfelel primerjei segitségével. Az amplifikalt
terméket DNS szekvenalassal vizsgaltuk.

A vizsgalt mintdban a KCNJ11 génben ¢.988T>C (p.Y330H) mutaciot
detektaltuk heterozigota formaban. A mutécié korabban le nem irt, a
szakirodalomban nem szerepel. Patogenitésara utalnak az alabbiak:

1. A 330. aminosav helyet érintd, mas aminosav cserével jar6 mutacidkat mar
leirtak: p.Y330C (Vaxillaire et al, Diabetes 2004), illetve p.Y330S (Flanagan et
al, Diabetologia 2006), melyeket 200 normél kromoszéman nem talaltak meg.

2. A 330. aminosav hely a Kir6.2 fehérje az ATP koto régidjaban talalhato, igy
hozzéjarulhat a csokkent ATP szenzitivitashoz (és kovetkezményesen az inzulin
szekrécio elmaradasahoz).

3. A 330. aminosav hely evolucidsan igen konzervalt pozicié (ember, kutya,
egér, tyuk, zebradanio).

Fentiek alapjan eredményeink megerdsitik a permanens neonatalis diabetes
diagndzisat. A p.Y330S mutéciét hordozo beteg esetében a szulfanilureéra
atallitas sikeres volt (Pearson et al, NEJM 2006).

Elfogadta: Dr. Balogh Istvan



A monogenes diabetes genetikai
vizsgalatok jelent6sége
1. Diagnodzis: a monogénes diabetes klinikai diagndzisanak
alatamasztasa.

2. Prognozis: az eltéer6 MODY szubtipusok nagymértékben
eltérd prognozissal birnak (HNF vs GCK).

3. Korai beavatkozas: a MODY koroki eltérés kimutatasa korai
felismerést tesz lehet6vé (aszimptomatikus kaszkad
vizsgdlatok). Diabetes komplikaciok elkeriilése/ késleltetése.

4. Adekvat terapia (HNF — szulfonilurea gyakran elég) vagy a
szukségtelen terapia elkerlilése (GCK — terapiat nem igényel).
5. Eletmin8ség javuldsa, egészségiigyi koltségek jelentds
csokkentése (KCNJ11).



