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Семейный случай инсулинзависимого сахарного диабета с мутацией 
в гене PTF1A
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Сахарный диабет (СД) — генетически гетерогенное заболевание, и часть случаев СД 1-го типа (СД1) обусловлены мута-
цией одного гена.
Ребенок болен СД с 1 года, получает инсулин, течение СД лабильное. HbA1с 9,9—11,4%. Обследован в 14 лет, длитель-
ность заболевания 13 лет. Суточная доза инсулина 1,15—1,35 ед/кг. Из осложнений СД начальные проявления дистальной 
диабетической полинейропатии, хайропатия. СД1 с множественными осложнениями у матери (39 лет) и у бабушки (74 
года). При генетическом исследовании у всех трех членов семьи выявлена гетерозиготная замена в гене PTF1A p.P274, 
патологическая значимость которой неизвестна.
В настоящее время нельзя утверждать, что выявленная мутация является этиологическим фактором СД в описанном слу-
чае. Не исключен СД1 у данного ребенка, поскольку специфичные АТ не исследовались. Однако мутация выявлена у всех 
трех членов одной семьи с СД, что не исключает обнаружение новой, ранее не описанной формы MODY.
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A familial case of insulin-dependent diabetes mellitus with a mutation in the PTF1A gene
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Diabetes mellitus (DM) is a genetically heterogeneous disease, and some cases of type 1 diabetes mellitus (T1DM) are caused by 
a mutation of one gene. The child has suffered from brittle diabetes since the age of 1 year and received insulin. The HbA1c level 
is 9.9—11.4%. The patient was examined at the age of 14 years; the disease duration is 13 years. The daily dose of insulin is 
1.15—1.35 U/kg. DM complications include initial manifestations of distal diabetic polyneuropathy as well as cheiropathy. The 
mother (39 years) and grandmother (74 years) have T1DM with multiple complications. A genetic study revealed that all three 
family members had a heterozygous substitution p.P274 in the PTF1A gene with an unknown pathological significance.
At present, it can not be asserted that the identified mutation is the etiologic factor of diabetes in the described case. We can 
not exclude T1DM in this child because specific antibodies have not been tested. However, the mutation is detected in all three 
members of the same family with diabetes, which does not exclude the discovery of a new form of MODY, not described earlier.

Keywords: monogenic diabetes mellitus, clinical case, MODY, PTF1A.

DOI: http://dx.doi.org/10.14341/probl8635 CASE REPORT

Copyright © 2018 by the MediaSphere 
Licensee: CC BY-NC-ND
doi: 10.14341/probl8635

Проблемы эндокринологии 2018. — Т. 64. — №2. — С. 111—115
Problems of Endocrinology 2018;64(2):111-115

Topicality
Type 1 diabetes mellitus (T1DM) is the most com-

mon form of diabetes mellitus (DM) in childhood and 

accounts for 90% of all diabetes cases in children [1]. The 

progress in molecular genetics has made it obvious that 

diabetes is a genetically heterogeneous disease, and some 

of diabetes cases that clinically present as T1DM are 

caused not by immune destruction of β-cells, but by a 

single gene mutation, i.e. they are monogenic diseases. 

These include, in particular, MODY, APS-1, and neona-

tal DM.

Monogenic DM (MDM) is a group of non-immune 

disorders of carbohydrate metabolism, which are associ-

ated with mutations in various genes responsible for the 

development or function of β-cells. Usually, MDM refers 

to maturity-onset diabetes of the young (MODY) that is 

characterized by a mild course, onset in adolescence or 

early adulthood (up to 25 years), and autosomal dominant 

inheritance. However, the course of MDM may be similar 

to that of T1DM [2, 3]. To date, mutations in 13 genes are 

known to lead to MODY. The most common mutations 

detected in patients with the MODY phenotype are those 

in the GCK and HNF1A genes. Also, MDM includes neo-

natal DM associated with recessive mutations in more 

than 10 genes that are involved in development of the pan-

creas and formation of the islet apparatus or control the 

function of β-cells; most often, mutations are detected in 

the KCNJ11, ABCC8, and INS genes. Homozygous muta-

tions in these genes cause neonatal DM, and heterozygous 

mutations are associated with MODY [4].

Currently, there is an active search for candidate 

genes that may cause MDM.

Diff erent MDM forms signifi cantly diff er in the hy-

perglycemia level, therapeutic approach, and risk of 

complications and concomitant extra-pancreatic pathol-

ogy. Identifi cation of DM etiologies enables predicting 

the clinical course of the disease, assessing the risk of po-

tential complications, and personalizing the therapeutic 

approach as well as genetic counseling and molecular-

genetic testing of other family members.

Case Report
A boy M., a fi rst pregnancy child, pregnancy in the 

setting of decompensated insulin-dependent DM in the 
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mother. Timely delivery by Cesarean section. At birth, 

the body weight was 3,800 g (SDS 0.52); the body length 

was 53 cm (SDS 1.25). The child cried normally after 

birth; pulmonary arrest occurred at the 5th min; the child 

was transferred to the Critical Care Department where he 

stayed on the ventilator for 3 days. The early psychomo-

tor development was normal.

Disease history. The child has suff ered from T1DM 

since the age of 1 year 3 months. The disease manifested 

as polyuria, sticky urine, and weight loss. Glycemia was 

15 mmol/L, no ketosis. During the fi rst month of the dis-

ease, stable glycemic parameters were achieved by means 

of a non-carbohydrate diet. A less restricted diet required 

intensive insulin therapy.

The child has been followed-up since the age of 2.5 

years at the Department of Diabetes Mellitus of the Insti-

tute of Pediatric Endocrinology of the Endocrinology 

Research Center (ERC). At the same age of 2.5 years, the 

child was diagnosed with subclinical hypothyroidism; 

therapy with L-thyroxine at a dose of 37.5 μg was pro-

vided. During 13-year follow-up, DM was brittle, with-

out severe ketoacidosis. At the age of 4 years, he had hy-

poglycemia (glycemia 0.6 mmol/L), which was managed 

by intake of easily assimilated carbohydrates. HLA-typ-

ing revealed two predisposing haplotypes. Specifi c pan-

creatic antibodies (Abs) were not tested. At the age of 12 

years, the boy was diagnosed with grade I to II cheiropa-

thy. At the age of 13 years, he started insulin pump thera-

py. On intensive insulin therapy, fl uctuations in the 

HbA1c level amounted to 9.9―11.4%; 3 months after the 

onset of insulin pump therapy, the HbA1c level was 7.4%.

The boy had the latest examination at the age of 14 

years at the ERC. He was on insulin pump therapy; the 

daily dose of insulin was 60―70 units (1.15―1.35 U/kg).

Physical examination. The height was 155 cm (SDS 

−0.85); the body weight was 52 kg; the BMI was 21.6 kg/

m2 (SDS BMI 0.63). The constitution was normosthen-

ic. The skin was of normal color, moderately dry, and 

clean. The subcutaneous fat was moderately developed 

and evenly distributed. The thyroid gland was unen-

larged, dense, and mobile upon swallowing. The heart 

rate was 80 beats per minute; blood pressure was 100/60 

mm Hg. The liver was not enlarged. Sexual development: 

Tanner stage 3; the testicular volume was d=l=15 mL.

Laboratory tests. The HbA1c level was 8.9%. Com-

plete blood count was normal. Common urine analysis 

revealed glycosuria. A blood chemistry panel revealed 

hypercholesterolemia and dyslipidemia (a total choles-

terol level of 6.1 mmol/L; an LDL cholesterol level was 

3.8 mmol/L). A trace level of endogenous insulin secre-

tion was detected: the C-peptide level was 0.1 ng/mL. 

According to the hormonal profi le, the child had drug-

induced euthyroidism (on treatment with L-thyroxine, 

37.5 μg): TSH, 2.4 mIU/L (0.53―5.27); fT4, 12.3 

pmol/L (10―17.7). Spot urine biochemistry showed 

moderate albuminuria (47―50 mg/L); a 24-hour uri-

nary albumin level was within the normal range.

Instrumental fi ndings. ECG was normal. Abdominal 

ultrasound revealed signs of diff use changes in pancreatic 

tissue. There were no echographic signs of kidney dis-

ease.

An ophthalmologist examination revealed a high de-

gree of myopia, divergent concomitant strabismus, and 

no diabetic retinopathy signs. Neurologist opinion: signs 

of early distal diabetic polyneuropathy.

Hereditary history. The mother, 39-year-old, was di-

agnosed with T1DM at the age of 1.5 years; manifesta-

tion was acute, without ketosis. She received insulin since 

the onset of the disease. On the latest examination at the 

age of 39 years, the insulin dose was 1.5 U/kg, the level of 

HbA1c was 9.8%. Self-control was irregular; there was no 

carbohydrate metabolism compensation throughout the 

disease. At the age of 13 years, she was diagnosed with 

diabetic retinopathy; at the age of 31 years, she under-

went laser coagulation of the retina. At the age of 39 

years, she was diagnosed with maculopathy and initial 

cataract. At the age of 20 years, she was diagnosed with 

proteinuria in the setting of acute pyelonephritis. At the 

age of 39 years, microalbuminuria was detected; ACE in-

hibitors were prescribed. At the age of 13 years, there 

were complaints of numb and cold feet. At the age of 31 

years, she had diffi  culty in walking and instability in 

standing position; at the age of 34 years, she developed 

gait impairment (dragging of the left leg). At the age of 34 

years, a wound defect was detected on the fi rst fi nger of 

the left foot; at the age of 38 years, she underwent an am-

putation of the fi rst fi nger of the left foot due to osteomy-

elitis. On examination, osteoarthropathy as well as mi-

croangiopathy and macroangiopathy of the lower ex-

tremities were diagnosed.

The grandmother, 74-year-old, was diagnosed with 

T1DM at the age of 48 years and received intensive insu-

lin therapy since the onset of manifestations. The history 

of T1DM and complications was absent. The family tree 

is shown in Figure 1.

Given the hereditary history of DM in three genera-

tions, monogenic DM was suspected; blood samples of 

the child, mother, and grandmother were sent for mo-

lecular genetic tests for a panel of genes GCG, GLUD1, 

WFS1, HNF1A, GCK, INS, HNF1B, ABCC8, HNF4A, 

RFX6, PTF1A, NEUROD1, AKT2, ZFP57, INSR, EI-
F2AK3, PPARG, PAX4, PDX1, GLIS3, KCNJ11, SL-
C16A1, FOXP3, BLK, CEL, KLF11, SCHAD, and GCGR 

using parallel sequencing on an Ion Torrent platform 

with a custom DM_HI Ampliseq panel (Laboratory of 

Hereditary Endocrinopathies of the ERC; head of the 

laboratory is A.N. Tiulpakov, DMSc). A heterozygous 

substitution p.P274 in the PTF1A gene was revealed; the 

pathological signifi cance of this mutation is unknown.

Discussion
t1DM is characterized by chronic immune-mediated 

destruction of pancreatic β-cells, which leads to absolute 
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insulin defi ciency [5]. The disease is characterized by 

multifactorial etiology and underlied by the genetic pre-

disposition and infl uence of environmental factors. 

Markers for T1DM include specifi c pancreatic antibod-

ies (GAD, IA2, ZnT8) [6] and specifi c combinations of 

HLA alleles [7]. A high familial concentration is not 

typical of T1DM; family aggregation of diabetes occurs 

in about 10% of cases [8].

Autosomal dominant inheritance of DM is most 

likely associated with the presence of MODY, the clinical 

course of which is quite diverse (from mild hyperglyce-

mia to insulin-dependent DM). MODY is characterized 

by the absence of specifi c Abs and the onset of DM be-

fore the age of 25 years.

In the described case, specifi c antibodies were not 

studied in the proband at the disease onset, and their 

testing at a disease duration of 13 years is not informative 

because their diagnostic signifi cance is sharply reduced 

7―11 years after the onset of T1DM [10]. At present, au-

toimmune destruction of β-cells can not be excluded. A 

study of HLA-haplotypes revealed a high-risk T1DM 

genotype. However, autosomal dominant inheritance in 

the family (DM in three generations) with the same DM 

phenotype in the proband and the mother was the reason  

to suspect the monogenic form of diabetes and to send 

blood samples of the proband, his mother, and grand-

mother for molecular genetic tesing by high-throughput 

parallel sequencing. All three had a heterozygous muta-

tion in the PTF1A gene.

The PTF1A gene encodes a transcription factor and 

is expressed at the early stages in pancreatic duct precur-

sors as well as pancreatic exocrine and endocrine cells 

[11―13]. Therefore, PTF1A is involved in the pancreas 

development. Studies conducted in mice revealed an im-

portant role of PTF1A in the cerebellum development. In 

2004, homozygous mutations in the PTF1A gene were 

shown to cause neonatal DM with pancreatic agenesis, 

cerebellar hypoplasia, and central respiratory dysfunc-

tion [14].

Isolated pancreatic agenesis with homozygous muta-

tions in the PTF1A gene was described in 10 probands 

and 4 siblings. In all probands, DM manifested in the 

neonatal period. In 3 out of the 4 siblings, DM was diag-

nosed at the age of 8, 10, and 22 years, respectively [15]. 

All they had exocrine pancreatic insuffi  ciency. There 

were reports of neonatal DM combined with microceph-

aly [14]; in some cases, optic nerve dystrophy was ob-

served [16].

Polymorphism of the clinical DM course caused by 

homozygous mutations in the PTF1A gene manifests 

even within the same family. A family was reported where 

DM manifested as pronounced reduced secretion of in-

sulin in the fi rst month of life, which required insulin 

therapy since the diagnosis of diabetes; simultaneously, 
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pronounced exocrine pancreatic insuffi  ciency was re-

vealed. In the elder sister, insulin-dependent diabetes 

mellitus was diagnosed at the age of 9.5 years; exocrine 

pancreatic insuffi  ciency was absent [17].

In the available literature, we did not fi nd cases of 

autosomal dominant diabetes caused by heterozygous 

mutations in the PTF1A gene. Now, we can not claim 

that the identifi ed mutation is the etiologic factor of DM 

in the described case. Type 1 diabetes mellitus can not be 

excluded in this child because specifi c Abs have not been 

studied. However, the mutation was detected in all three 

members of the same family with diabetes, which does 

not exclude the discovery of a new MODY form that has 

not been reported yet.

The progress in genetics makes it increasingly evident 

that DM, including an insulin-dependent form, is a ge-

netically extremely heterogeneous disease. Identifi cation 

of etiologic factors enables prediction of the disease 

course, genetic counseling, and even modifi cation of the 

therapeutic approach. The identifi cation of a heterozy-

gous mutation in the PNF1A gene in three members of 

the same family with the T1DM phenotype indirectly 

confi rms potential involvement of this mutation in the 

development of DM. The presented data expand our 

knowledge of the genetic basis of DM, but elucidating the 

role of heterozygous mutations in the PNF1A gene in the 

development of diabetes requires further research. Iden-

tifi cation of repeated cases of this mutation with a similar 

phenotype could confi rm our hypothesis of a new mono-

genic form of insulin-dependent diabetes.

Conclusion
the identifi cation of a heterozygous mutation in the 

PNF1A gene in three members of the same family with 

the T1DM phenotype indirectly confi rms involvement of 

this mutation in the development of DM. This clinical 

case expands our knowledge of the genetic basis of DM, 

but elucidating the role of heterozygous mutations in the 

PNF1A gene in the development of diabetes requires fur-

ther investigation. Identifi cation of repeated cases of this 

mutation with a similar phenotype could confi rm our hy-

pothesis of a new monogenic form of insulin-dependent 

diabetes mellitus.
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