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ABSTRACT

Matur�ty onset d�abetes of the young (MODY) accounts for 1-2% of all d�abetes.(1) An 11-year-old female g�rl was d�agnosed w�th d�abetes
w�th typ�cal d�abetes symptoms, and laboratory f�nd�ngs of d�abet�c ketoac�dos�s and mult�ple-dose �nsul�n therapy were started. In the
follow-up, she had d�abetes autoant�body negat�v�ty and a MODY panel was appl�ed. It was reported that a novel heterozygous var�ant
[(NM_000207.3: c.76G>A (p.Val26Met) (Exon2)] �n the �nsul�n (2) gene, caus�ng MODY 10, one of the rare types of MODY. Her parents were
negat�ve for the var�ant, so the var�ant was de-nova. MODY 10 can cause d�abet�c ketoac�dos�s, and pat�ents can be m�sd�agnosed w�th
type 1 d�abetes. Screen�ng for var�at�ons �n �dent�f�ed MODY genes should be kept �n m�nd �n pat�ents who requ�re small �nsul�n doses and
have negat�v�ty for d�abetes autoant�bod�es.
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ÖZET

Gençler�n er�şk�n başlangıçlı d�yabet� (MODY) tüm d�yabetler�n yaklaşık % 1-2's�n� oluşturur.(1) Olgumuz �nsul�n bağımlı d�yabet tanısı �le
�zlen�rken 6 aylık tak�b�nde d�yabet otoant�kor negat�fl�ğ� neden�yle olgumuzda MODY panel� çalışılmıştı. MODY'n�n nad�r t�pler�nden b�r�
olan MODY t�p 10 neden olan yen� b�r heteroz�got varyantı [NM_000207.3:c.76G>A(p.Val26Met)(Exon2)] �nsül�n (2) gen�nde hastamızda de
novo olarak tanımlandı. İnsül�n bağımlı, d�yabet otoant�korları negat�f olan ancak sınıflandırılmamış at�p�k d�yabet� olan hastalarda tanım-
lanmış MODY genler�ndek� varyasyonlar �ç�n tarama yapmak akılda tutulmalıdır.

Keywords: MODY, INS gen�, d�yabet, varyasyon

INTRODUCTION
Matur�ty onset d�abetes of the young (MODY) acco-

unts for 1-2% of all d�abetes. It �s caused by autosomal
dom�nant var�at�ons, and 14 MODY subtypes have been
�dent�f�ed to date. One of the rare types of MODY, MODY
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10, �s caused by heterozygous �nsul�n (2) gene var�at�-
ons. MODY 10 �s caused by an INS gene mutat�on, and
more than 50 mutat�ons have been �dent�f�ed. Hete-
rozygous INS mutat�ons may cause neonatal d�abetes
mell�tus (DM) and MODY phenotypes w�th the same va-
r�at�ons, even w�th�n the same fam�ly. In th�s report, an
11-year-old g�rl who presented w�th d�abet�c ketoac�do-
s�s and was d�agnosed w�th MODY type 10 by detect�ng
novel heterozygous var�at�on �n the INS gene �s
presented.

CASE REPORT
An 11-year-old g�rl was appl�ed to the emergency

department w�th compla�nts of sore throat and cough
for a week. She had polyd�ps�a, polyur�a and we�ght
loss of 2 kg, wh�ch had been go�ng on for two months.
She was born w�th a second-degree consangu�neous
marr�age at 39th gestat�onal weeks and w�th a b�rth we-
�ght of 3250 g. There was no h�story of hypo/hypergly-
cem�a �n the newborn stage, no known fam�ly h�story of
DM. In the phys�cal exam�nat�on, we�ght was 26 kg
(-2.34 SDS), he�ght was 140 cm (-1.23 SDS), puberty sta-
ge was Tanner 2, had Kussmaul resp�rat�on and dehyd-
rated appearance. In the blood gas pH: 7.06 (7.35-7.45),
pCO2: 24 mmHg (35-45 mmHg), HCO3: 9.2 mmol/L (22-
26 mmol/L) and serum glucose: 457 mg/dl (60-200
mg/dl), C-pept�de: <0.01 µg/L (0.9-7.1), HbA1c: 17% (4-
6%), ur�ne ketone +++, ant�-�nsul�n and GAD autoant�bo-
d�es were negat�ve (Table 1). S�nce the pat�ent was pos�-
t�ve for COVID PCR, she was followed up �n the �nfect�on
un�t, rece�ved an onl�ne bas�c d�abetes educat�on prog-
ram, and was d�scharged w�th 1.2 un�t/kg/day mult�ple
dose �nsul�n therapy. In the follow-up, genet�c analys�s
was performed for MODY s�nce d�abetes autoant�bod�es
(ant�-�nsul�n and GAD autoant�bod�es) were negat�ve.

Methods

Genom�c DNA was extracted from per�pheral blood
leukocytes of the pat�ent and her parents us�ng MagNA
Pure LC DNA Isolat�on K�t I (Roche D�agnost�cs, Mannhe-
�m, Germany) accord�ng to the manufacturerʼs protocol.
The MODY NGS Panel (Celem�cs, Inc., Seoul, Korea) was
used for the �dent�f�cat�on of var�ants �n the cod�ng reg�-
ons and the exon-�ntron boundar�es of the MODY-asso-
c�ated genes, �nclud�ng GCK, HNF1A, HNF1B, HNF4A,
INS. Targeted NGS was performed on an Illum�na M�Seq
NGS System (Illum�na Inc., San D�ego, CA, USA) us�ng
the M�Seq Reagent Nano K�t v2 (500 cycles) (Illum�na
Inc., San D�ego, CA, USA). The raw data obta�ned by the
NGS method was analyzed us�ng ʻSEQʼ var�ant analys�s
so�ware (Genom�ze, İstanbul, Turkey) accord�ng to the

reference genome of GRCh37(h19). The f�ltered var�ants
were evaluated accord�ng to the Amer�can College of
Med�cal Genet�cs and Genom�cs (ACMG) Standards and
Gu�del�nes recommendat�ons. The var�ant was found �n
the INS gene as NM_000207.3:c.76G>A(p.Val26Met)(Exo-
n2) Heterozygous state. Sequenc�ng analys�s of her pa-
rents was normal for the relevant var�ant. Thus, �t was
evaluated as ʻde novo.̓ It was not found �n databases
(dbSNP, Cl�nVar, populat�on databases). It was evalu-
ated as a ʻvar�ant of unknown s�gn�f�cance-VUSʼ accor-
d�ng to the Varsome platform.

Table 1. Laboratory Results

Laboratory:  

L�ver/K�dney Funct�on
Tests

AST: 18 U/L(N, 0-35) 
ALT: 9 U/L(N, 0-35) 
Urea: 17 mg/dl (N, 10-38) 
Creat�n�n: 0.7 mg/dl (N, 0.5-1.2)

Thyro�d Funct�on Tests
TSH: 1.77 mIU/L (N, 0.34-5.6)
T4: 0.95 ng/dl(N, 0.61-1.06) 
T3: 6.29 ng/L (N, 2.59-4.3)

Ant� Glutam�c Ac�d
Decarbocylase  
Ant�body  
Ant� Insul�n Ant�body

0.42 IU/ml(N, <10) 
  
  
2.9 U/ml (N, <10)

HbA1c 17% (N, 4-6%)

Glucose 90 mg/dl (N, 60-100)

C-pept�d <0.1µg/L (N, 0.9-7.1)

Insul�n 13.9 mU/L (N,1.9-23)

Cel�ac Autoant�bod�es

T�ssue transglutam�nase IgA: 0.2
RU/ml (<10 ) 
T�ssue transglutam�nase IgG: 1.7
RU/ml (<10)

Ur�nary Test

Ph:5 
Dens�ty:1029 (N, 1010-1030) 
Prote�n:+2 
Glucose:+4 
Ketone:+3

Results and cl�n�cal follow-up

A heterozygous var�ant of c.76G>A(p.Va126Met)
was detected �n the INS gene. The var�ant has not been
reported �n databases before; �t �s a novel var�ant and
cons�dered as a var�ant of unknown s�gn�f�cance. As a
result of the segregat�on analys�s from the mother and
father, the mutat�on was shown to be de-nova (F�gure
1). The pat�ent has followed up w�th the d�agnos�s of
MODY 10 and had a mean HbA1c of 6.8% �n the last one
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year w�th b�lateral metabol�c cataract and w�thout ot-
her m�crovascular and macrovascular compl�cat�ons.

F�gure 1. Electropherograms of fam�ly members

DISCUSSION
MODY 10 �s caused by INS gene var�at�on. The INS

gene �s located on chromosome 11p 15.5 and �s a gene
that d�rectly encodes �nsul�n prote�n, conta�n�ng three
exons and two �ntrons. Exon 2 and exon 3 are the ma�n
pept�de-cod�ng reg�ons of �nsul�n. Exon 2 �s the cod�ng
reg�on of the s�gnal pept�de B cha�n and parts of C-pep-
t�des.(3) A w�de spectrum of cl�n�cal man�festat�ons has
been reported �n INS gene var�at�ons even w�th�n a s�ng-
le fam�ly, espec�ally cons�derable d��erences �n res�dual
β-cell funct�on.(4) Our pat�ent was at a young age and
had typ�cal hyperglycem�a symptoms, severe hypergly-
cem�a w�th ketoac�dos�s, and lean body hab�tus w�th a
body mass �ndex of 15.06 kg/m². She had no pos�t�ve

auto�mmune ant�body of d�abetes and no prev�ous h�s-
tory of fam�ly members w�th DM. All the above po�nts
drove us away from the d�agnos�s of type 1 and type 2
d�abetes mell�tus. Although there was no pos�t�ve fa-
m�ly h�story for d�abetes, no record of hypo/hyperglyce-
m�a and neonatal d�abetes, a genet�c MODY panel was
appl�ed due to negat�ve autoant�bod�es of d�abetes. A
heterozygous novel var�ant [NM_000207.3:c.76G>A(p.-
Val26Met)(Exon2)] was detected �n the INS gene. In Nor-
weg�an br�ef report INS mutat�on c.163C>T (R55C) fo-
und �n a g�rl who at 10 years of age presented w�th keto-
ac�dos�s and �nsul�n dependent, ant� GAD and �nsul�no-
ma-assoc�ated ant�gen-2 (IA-2) ant�body-negat�ve d�-
abetes. (5)Her fast�ng C-pept�de was detectable (500
pmol/l) and she was �nsul�n dependent from the t�me of
d�agnos�s; l�ke our case, her recent �nsul�n requ�rement
and Hba1C were 0.72 un�ts/kg/day and 8.0% respect�-
vely (5). In 2019, X�ao et al.(4) reported a 23-year-old
proband hav�ng INS exon three framesh�� mutat�on
w�th fam�l�al d�abetes �n three generat�ons who was d�-
agnosed at 15 years old. The proband was d�agnosed
w�th hyperglycem�a �n 2009 due to typ�cal d�abet�c
symptoms w�thout s�gns of d�abet�c ketoac�dos�s and
was treated w�th metform�n and gl�claz�de. A�er two
years from the d�agnose, she attempted to hosp�tal aga-
�n w�th a compla�n of blurred v�s�on and l�ke our case,
she also got the d�agnose of metabol�c cataract (4). In-
sul�n therapy was then suspended. The mother of the
ch�ld su�ered from a fundus hemorrhage and ret�nal
detachment at the age of 23. Metabol�c cataracts of the
proband and her mother are l�kely secondary to hy-
perglycem�a(4). The cl�n�cal man�festat�on of the mot-
her of the ch�ld was severe, s�m�lar to type 1 d�abetes
mell�tus. S�nce be�ng d�agnosed w�th d�abetes at one
year of age, she has been rece�v�ng �nsul�n treatment.
The result suggests that although both have the same
var�ant, the cl�n�cal phenotype of the ch�ld was s�gn�f�-
cantly d��erent from that of the ch�ldʼs mother.

Our pat�ent also had blurred v�s�on �n the 1.5 years
pol�cl�n�c follow ups and d�agnosed b�lateral metabol�c
cataract. A�er th�s d�agnose b�lateral �ntraoculer lens
�mplantat�on was made by ophtalmolog�sts to our case.
The exact et�ology of cataract format�on �n d�abetes re-
ma�ns to be eluc�dated(6). D�abetes �s an establ�shed
r�sk factor for the occurrence of cataracts, although the
exact et�ology of cataract format�on �n d�abetes rema�ns
unknown. In an�mal models, excess glucose �n the lens
�s converted to sorb�tol by aldose reductase(7). Accu-
mulat�on of sorb�tol leads to osmot�c stress; however, �n
humans, the sorb�tol levels do not r�se h�gh enough to
cause s�gn�f�cant damage. Add�t�onal proposed mecha-
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n�sms �nclude NADPH deplet�on lead�ng to ox�dat�ve st-
ress or non-enzymat�c prote�n glycat�on �n the lens(8).
Compl�cat�ons of MODY 10, such as ret�nopathy, neuro-
pathy, and m�croalbum�nur�a, have been reported. Ho-
wever, to our knowledge, obes�ty, hypertens�on, and
hyperl�p�dem�a, have not been reported �n the l�teratu-
re. The treatment of MODY 10 �s s�m�lar to that of other
types of MODY, ma�nly by d�abetes d�et, exerc�se, and
�nsul�n (3) Among pat�ents w�th MODY10 who have the
same var�at�on �n the same fam�ly, most of the cl�n�cal
phenotypes have h�gh reproduc�b�l�ty, and a few of
them can show a s�gn�f�cant gap (9). It �s reported �n
stud�es that the R46Q mutat�on �s carr�ed �n two fam�l�-
es from Norway and Czechoslovak�a. In the Norweg�an
fam�ly, the proband w�th the R46Q mutat�on, the father
and the aunt of the proband developed d�abetes at 20,
18, and 17 years, respect�vely. The proband and the
aunt of the proband can control the d�sease through
d�et treatment only, wh�le the father of the proband
was �n�t�ally treated w�th d�et treatment and began to
take oral sulfonylureas 20 years later. 3 Cl�n�cal hetero-
gene�ty �n terms of the age at d�agnos�s, man�festat�ons
and therapeut�c opt�ons are ev�dent �n MODY types.

In conclus�on, �n cases w�th Type 1 D�abetes Mell�-
tus phenotype and d�abet�c ketoac�dos�s w�th negat�ve
autoant�bod�es, analyz�ng MODY genes w�th the help of
panels for def�n�t�ve d�agnos�s �s s�gn�f�cant. Thus, the
def�n�t�ve d�agnos�s of the pat�ents can be establ�shed,
und�agnosed fam�ly members can be d�agnosed, and
the genotype-phenotype character�st�cs of the d�sease
can be clar�f�ed.
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