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Aim: To investigate the prevalence of variants within selected maturity-onset diabetes of the 
young (MODY)-genes among Algerian patients initially diagnosed with type 1 diabetes 
(T1D) or type 2 diabetes (T2D), yet presenting with a MODY-like phenotype.
Methods: Eight unrelated patients with early-onset diabetes (before 30 years) and six 
relatives with diabetes were examined by targeted re-sequencing for variants in genes 
known to be involved in MODY (HNF1A, GCK, HNF4A, HNF1B, INS, ABCC8, KCNJ1). 
Clinical data for probands were retrieved from hospital records.
Results: A total of 12 variants were identified, of which three were classified as pathogenic 
and one as a variant of uncertain clinical significance (VUS). Two of the pathogenic variants 
were found in GCK (p.Gly261Arg and p.Met210Lys, respectively) in one proband each and 
the remaining pathogenic variant was found in HNF1B (p.Gly76Cys) in a proband also 
carrying the VUS in HNF1A (p.Thr156Met).
Conclusion: Variants in known MODY-genes can be the cause of early-onset diabetes in 
Algerians diagnosed with T1D or T2D among patients presenting with a MODY-like 
phenotype; thus, genetic screening should be considered.
Keywords: MODY, type 1 diabetes, early-onset, monogenic diabetes, genes

Introduction
The monogenic form of diabetes called Maturity-Onset Diabetes of the Young 
(MODY) is a heterogeneous form of diabetes caused by variants in specific genes of 
which the majority affects insulin secretion.1 It is characterized by an autosomal- 
dominant mode of inheritance, onset before 25 years of age and a preservation of 
insulin secretion with detectable C-peptide outside the “honeymoon” period.2–4 To 
date, at least fourteen subtypes of MODY have been found which are caused by 
variants in genes implicated in pancreatic development, insulin biosynthesis and/or 
secretion: HNF4A (MODY1), GCK (MODY2), HNF1A (MODY3), PDX1 (MODY4), 
HNF1B (MODY5), NEUROD1 (MODY6), KLF11 (MODY7), CEL (MODY8), PAX4 
(MODY9), INS (MODY10), BLK (MODY11), ABCC8 (MODY12), KCNJ11 
(MODY13) and RFX6 (MODY14).5,6 These various MODY subtypes differ in clinical 
manifestation: age of onset, severity of hyperglycemia, risk of complications, response 
to treatment and associated extrapancreatic manifestations.7 GCK-MODY patients 
usually do not require any pharmacological treatment and do not develop co- 
morbidities8 whereas carriers of variants in the two transcription factors HNF1A and 
HNF4A, as well as the two genes (ABCC8 and KCNJ11) encoding a beta-cell K-ATP 
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channel, are sensitive to sulphonylurea treatment.8–10 In con
trast, patients carrying variants in the insulin gene (INS) will 
very likely require insulin therapy.11 Therefore, molecular 
genetic diagnosis is crucial as it anticipates the patient’s 
prognosis and can influence treatment decisions. In addition, 
a molecular genetic diagnosis can lead to early clinical care 
of asymptomatic relatives.12,13

Previous studies of the prevalence and etiology of 
MODY have most commonly been investigated in 
Caucasians and have shown that MODY represents 
about 1–2% of diabetes among Europeans14 with 
a predominance of MODY2 (GCK-MODY) and MODY3 
(HNF1A-MODY).15,16 Studies investigating the preva
lence of different forms of diabetes in Algeria are however 
limited.17 The prevalence and etiology of MODY may be 
different in Algeria due to differences in genetic ancestry 
and the long tradition of consanguine marriages17 and only 
one previous study has examined the presence of MODY 
in Algeria which reported one family with MODY caused 
by the p.Arg85Trp GCK variant.18 Due to the possibility to 
target treatment according to the genetic etiology in 
patients carrying variants within HNF4A, GCK, HNF1A, 
HNF1B, INS, ABCC8 and KCNJ11, it is important to 
establish if variants within these known MODY-genes 
are the cause of early-onset diabetes in Algerian patients.

In the present paper, we aim to assess if the presence of 
pathogenic variants in HNF4A, GCK, HNF1A, HNF1B, 
INS, ABCC and, KCNJ11 is the cause of diabetes in 
Algerian patients with an early onset (before 30 years of 
age) initially diagnosed with type 1 diabetes (T1D) or type 
2 diabetes (T2D), yet, presenting with a MODY-like 
phenotype.

Patients and Methods
Patients
Our study included eight probands (seven males and one 
female) diagnosed with T1D except for one patient (P4) 
initially diagnosed with T2D. In addition, six family mem
bers with diabetes (two males and four females) were 
included (Table S1). In addition to being diagnosed with 
early-onset diabetes, probands were selected due to suspi
cion of MODY as they had at least three of the following 
features: 1) a family history of diabetes mimicking an 
autosomal-dominant inheritance (Figure 1 and Figure S1), 
2) young age at diabetes diagnosis (˂ 30 years old), 3) 
diabetes managed with oral hypoglycemic agents (OHA) 
or low insulin doses (≤0.5U/Kg/J) at least three years after 

diagnosis, 4) BMI ˂ 30 kg/m2, 5) decreased renal threshold 
for glycosuria and 6) anti-body negative (when antibodies 
are measured) (Table 1). The patients were recruited from 
University Hospital Mustapha Pacha, Central Hospital of 
Army, Djillali Bounaâma Hospital and Parnet Hospital. 
Probands were from families without known consanguinity. 
The present study was approved by the local ethics com
mittee “Algerian National Agency for Research in Health 
Sciences, ATRSS ex-ANDRS” in compliance with Helsinki 
declaration (Code number 43-ANDRS-2011). After obtain
ment of written informed consent from all participants 
including consent to publish familial case descriptions 
(from parents for participants under 18 years old), blood 
samples were collected for biochemical, immunological 
and genetic studies.

The mean age-of-diagnosis for probands was 22.5 ± 
6.2 years old [range 9–27 years old], the diabetes duration 
was 6.4 ± 3.4 years [range 0.5–10 years] and the mean 
value of BMI was of 21.7 ± 2.6 kg/m2 [range 18–24.7 kg/ 
m2] at the latest examination.

Clinical Data Collection, Biochemical and 
Immunological Measurements
The family history of diabetes, BMI, age at diabetes diag
nosis, fasting plasma glucose (FPG), glycosylated hemo
globin (HbA1c) at diagnosis and treatment history were 
collected from hospital records. The treatment information 
included in Table S1 is from the latest examination.

Blood samples were drawn for DNA extraction and 
measurement of FPG, plasma lipids and HbA1c. 
Moreover, β cells autoantibodies (Tyrosine phosphatase 
(IA2) and/or Glutamic Acid Decarboxylase (GAD) auto- 
antibodies) were measured in probands. Endogenous insu
lin production was assessed in patients by measuring 
C-peptide concentrations at the last examination.

Assays
Measurement of HbA1c was performed by High- 
Performance Liquid Chromatography HPLC (Tosoh G8, 
Japan); plasma glucose, plasma triglycerides, total plasma 
cholesterol, high-density lipoprotein (HDL) cholesterol and 
low-density lipoprotein (LDL) cholesterol were evaluated 
on the automatic analyser (BiOLiS 24i, Japan), C-peptide 
by chemiluminescence Immuno-Assay (LIAISON®, 
DiaSorin, Germany) and IA2 and/or GAD auto-antibodies 
(GADA) by ELISA (Enzyme-Linked ImmunoSorbent Assay) 
(ELISA plate reader, PR 3100. BioRad, USA).
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Screening for HNF1B Alterations
For patients having HNF1B variants, additional measure
ments were performed, including serum bilirubin, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) 
and γ-glutamyl transferase (GGT), serum uric acid, creati
nine and potassium, measured on a Cobas 400+ Analyser.

Molecular Analysis
Genomic DNA was extracted from peripheral whole blood 
by standard methods.19 DNA concentration and purity 
were determined using a NanoDrop (MaestroNano 
Spectrophotometer, MAESTROGEN Technologies, 
TAIWAN) and adjusted to 100ng/µL. Targeted regions, 

P4
29/24
Treatment: OHA
GCK: Met210Lys/WT

25/20
Treatment: OHA
GCK: Met210Lys/WT

??      

?         18/9
Treatment: None
GCK: Gly261Arg/WT

P12
18/9
Treatment: None
GCK: Gly261Arg/WT

43/36
Treatment: OHA
GCK: Gly261Arg/WT

45/NA

48/33 60/NA

P13
30/27
Treatment: Insulin
HNF1A : Thr156Met/WT
HNF1B : Gly76Cys/WT

Female Male

Deceased maleDeceased female

Affected maleAffected female

Figure 1 Pedigrees of the families 4, 12 and 13 where pathogenic variants were identified. 
Notes: The P-numbers indicate subjects undergone genetic investigation and the numbers below indicate the age at the last examination/age at diabetes onset (years). 
Squares represent males and circles indicate females. Black symbols indicate subjects with manifested diabetes and white symbols indicate healthy or non-investigated 
members. The arrow indicates the proband. Abbreviations: WT, wild-type allele; NA, not applicable.
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including the coding regions and exon/intron boundaries of the 
HNF4A, GCK, HNF1A, HNF1B, INS, ABCC8 and KCNJ11 
genes, were captured and sequenced using the Illumina 
HiSeq2000 Analyzer as described.20 Obtained results were 
analyzed for sequence variations using the SeqScape 
Software (Applied Biosystems) by comparison with published 
reference sequences (NM_175914, NM_000162, 
NM_000545.5, NM_000458.2, NM_000207.2, NM_000352 
and NM_000525). Variants were classified as being either 
pathogenic, likely pathogenic, variants of uncertain signifi
cance (VUS) or benign, based on the standards and guidelines 
from American Collee of Medical Genetics and Genomics and 
the Association for Molecular Pathology.21 This classification 
is based on 1) the location and function of variant, 2) minor 
allele frequency (MAF) in both the Gnomad database22 and 
a Middle Eastern reference population,23 3) previous informa
tion of variants being involved in MODY,24– 26 4) predicted 
functionality based on changes in thermostability25 or CADD 
score (http://cadd.gs.washington.edu/info) and 5) information 
of the prevalence of variants in house database of approxi
mately 6000 Danish population-based non-diabetic 
individuals27 in which the above genes were sequenced.

Results
Clinical Description of Probands
Clinical and biochemical characteristics of the probands 
are summarized in Table 1 and immunological data are 
presented in Table S1.

A total of 12 variants were found in GCK, HNF1A, 
HNF4A, HNF1B, INS, ABCC8 and KCNJ11. Eight variants 
were classified as benign, three as pathogenic, and one as 
a VUS (Table 2). The identified pathogenic variants have 
previously been found in MODY families.24,28

Family 4
The proband in family 4 (P4) was heterozygous for the 
pathogenic substitution c. 629T>A in the GCK gene, 
resulting in the p.Met210Lys variant. This patient was 
diagnosed with diabetes incidentally at age 24 years old, 
after pre-employment medical checkup that revealed 
a fasting plasma glucose of 7.11 mmol/l. Subsequent 
blood glucose monitoring showed that fasting plasma glu
cose and post-prandial glucose reached 8.89 mmol/l and 
11.11 mmol/l, respectively. The patient P4 was initially 
treated with metformin and then with gliclazide 80 mg 
twice a day. However, the treatment at the latest examina
tion was 850 mg metformin 3 times a day. HbA1c values 
ranged between 6.70% (49.7 mmol/mol) and 7.21% (55.3 
mmol/mol). A recent oral glucose tolerance test (OGTT) 
(performed in 2019) showed fasting plasma glucose levels 
of 8.55 mmol/l and levels of 7.83 mmol/l 120 min after 
glucose intake.

The brother of P4 (Figure 1) was also heterozygous for 
this GCK variant. At diagnosis, fasting plasma glucose 
levels of 6.89 mmol/l were found with subsequent 

Table 1 Clinical and Laboratory Characteristics of the Eight 
Probands

Trait Mean ± 

SD

Range

Men/women 7/1 –

Age at examination (years) 28.9 ± 5.36 18.0–37.0

Age at diagnosis (years) 22.5 ± 6.23 9.00–27.0

Duration of diabetes (years) 6.44 ± 3.42 0.50–10.0

BMI (kg/m2) 21.7 ± 2.6 18.0–24.7

Fasting plasma glucose (mmol/l) 8.49 ± 3.66 4.77–15.8

HbA1c (%) 7.56 ± 2.81 5.30–12.8

HbA1c (mmol/mol) 54.4 ± 

28.67

34.4–116.4

C-peptide (nmol/l) 0.47 ± 0.26 0.22–1.01

Triglycerides (mmol/l) 1.11 ± 0.32 0.77–1.70

Total cholesterol (mmol/l) 4.34 ± 0.87 3.18–5.65

LDL-cholesterol (mmol/l) 2.85 ± 1.05 1.28–4.01

HDL-cholesterol (mmol/l) 1.13 ± 0.39 0.77–1.70

Treatment at last examination(Diet/OHA/ 

Insulin/Insulin + OHA)

1/1/4/2 -

Table 2 Variants Identified in MODY-Genes and Their 
Pathogenicity Classification

Variant Amino 

Acid 

Position

MAF 

(Gnomad22)

MAF 

(GME23)

Classification 

According 

to ACMG21

GCK M210K 0.0004% 0% Pathogenic
G261R 0.0004% 0% Pathogenic

HNF4A I441V 0.03% 2% Benign

HNF1B G76C* 0.055% 0.2% Pathogenic

HNF1A I27L 35% 43% Benign
T156M* 0.007% 0% VUS

S487N 35% 42% Benign

ABCC8 V1572I 5% 9% Benign
A1369S 63% 73% Benign

KCNJ11 K23E 64% 73% Benign

L270V 4% 4% Benign

V337I 64% 73% Benign

Note: *Variants found in the same proband. 
Abbreviations: ACMG, American Collee of Medical Genetics and Genomics; 
GME, Greater Middle East.
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measures at fasting and 2-h glucose of 7.78 mmol/l and 
7.72 mmol/l, respectively.

Family 12
The proband from family 12 (P12) (Figure 1) was carrying 
two variants: Ile441Val in HNF4A (c.1321A>G) and 
Gly261Arg in GCK (c.784G>A). Only the GCK 
Gly261Arg variant is considered pathogenic. Genetic 
screening of additionally two family members with dia
betes from family 12 (twin sister and mother) revealed that 
both were carriers of the GCK Gly261Arg variant but not 
the HNF4A Ile441Val.

The proband of this family was born at term from non- 
consanguineous parents with a birth-weight of 2.95 kg. He 
was lethargic during infancy. In 2010 (aged 9 years old) he 
was admitted to the hospital for surgical intervention for 
hernia, and a routine laboratory test was performed which 
revealed impaired fasting glucose and subsequently an 
HbA1c value of 7.0% (53.0 mmol/mol). Insulin therapy 
was immediately initiated with 4x2U/day and this dosage 
was preserved for 8 years. The proband’s blood glucose was 
measured over a period of 8 years and HbA1c levels ranged 
between 5.4% (35.5 mmol/mol) and 7.0% (53.0 mmol/mol) 
and random blood glucose ranged between 4.94 and 8.89 
mmol/l. During a routine visit in 2018, the patient revealed 
that insulin therapy had not been taken regularly for 
approximately one year. Yet, his fasting plasma glucose 
level was below 8.05 mmol/l, post-prandial values stayed 
below 11.11 mmol/l and fasting fingertip blood glucose 
values ranged between 4.17 and 7.22 mmol/l. His most 
recent HbA1c value was 5.5% (36.6 mmol/mol). In addition 
to diabetes, the patient experienced four epileptic seizures 
between 2017 and 2018. Three of these experienced while 
treated with insulin and during the most severe attack, 
hypoglycemia was detected with a value of 2.22 mmol/l.

The proband’s twin sister was also diagnosed with dia
betes in 2010 with an HbA1c value of 7.0% (53.0 mmol/ 
mol). Thus, insulin treatment was initiated with a dosage of 4 
x 2U/day. After insulin omission, her fingertip blood glucose 
ranged between 5.44 and 7.94 mmol/l and her random blood 
glucose ranged between 6.39 and 8.33 mmol/l, except for one 
measure of 9.78 mmol/l during illness. Her most recent 
HbA1c value is 6.0% (42.1 mmol/mol). The proband’s 
mother was diagnosed with diabetes in 2011 and OHA treat
ment (metformin, glimepiride) was initiated. She has 
remained on this treatment regime as she has obtained 
a good glycemic control, with HbA1c values below 7.0% 
(53.0 mmol/mol). The proband’s father, elder and younger 

sisters all have fingertip blood glucose levels within the 
normal range (4.17 to 5.00 mmol/l).

Family 13
The proband in family 13 (P13) is a carrier of both 
a heterozygous pathogenic missense variant in HNF1B, 
(c. 226G>T; Gly76Cys) and the variant in HNF1A 
(c.467C>T; Thr156Met) with an uncertain clinical signifi
cance. The mother, maternal grandmother and maternal 
grandmother’s sisters are all diagnosed with diabetes 
(Figure 1); however, DNA and clinical information is 
available only for the proband.

Before diabetes onset, the proband was obese 
(BMI=31.7 kg/m2). He was diagnosed with diabetes at age 
27, after manifesting polyuria, polydipsia, marked weight 
loss (~40 Kg) and ketosis. Diabetes was diagnosed based on 
a blood sample revealing a random blood glucose of 33.05 
mmol/l. Insulin treatment was initiated. At age 29 years old 
(nearly 3 years after diabetes diagnosis), he was admitted to 
the hospital after suffering from asthenia and incoercible 
vomiting accompanied by ketosis. The patient’s weight was 
now 55 kg with a BMI of 18.4 kg/m2. Biochemical analyses 
revealed hypokalemia (2.5 mmol/l), increased bilirubin and 
liver enzymes levels (ALT, AST and GGT), negativity for 
GADA (Table 3), a fasting C-peptide level of 0.83 basal and 
1.12 nmol/l after glucagon stimulation. In order to elucidate 
the etiology of the incoercible vomiting, an abdominal 
pelvis ultrasound and computed tomography (CT) scan 
was performed and the obtained imaging showed the nut
cracker syndrome (Wilkie syndrome) and nephrolithiasis, 

Table 3 Results of Biochemical Investigation of Proband P13

Parameters Measurement Results Reference 

Ranges
At Hospital 

Admission

At 

Follow-Up

FPG (mmol/l) 7.00 5.88 3.88–6.10

Creatinine (mg/l) 4.00 5.00 7.00–12.0

Serum uric acid(mg/l) 32.0 23.8 36.0–77.0

AST (U/L) 57.0 21.0 10.0–50.0

ALT (U/L) 146 10.0 10.0–50.0

GGT (U/L) 113 NA 8.00–61.0

ALP (U/L) 69.0 140 < 125

CRP (mg/l) 0.1 0.70 < 5.00

Bilirubin (mg/l) 19.0 NA < 10.0

Direct bilirubin (mg/l) 11.0 NA < 2.00

Indirect bilirubin (mg/l) 8.00 NA < 8.00

Abbreviations: ALP, alkaline phosphatase; FPG, fasting plasma glucose; ALT, ala
nine transaminase; AST, aspartate transaminase; GGT, γ-glutamyl transpeptidase; 
NA, not available.
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without any renal, pancreatic or urogenital tracts 
malformations.

Discussion
The present study demonstrates the presence of the mono
genic form of diabetes, MODY, in three out of eight (38%) 
Algerian North-African patients with early-onset diabetes. 
In our cohort, the majority of patients were initially diag
nosed with T1D based on their young age at diabetes onset 
and a normal BMI, demonstrating the risk of MODY being 
misclassified as T1D and underlining the importance of 
genetic screening. The pathogenic variants identified have 
all previously been observed in MODY families24,28,29 and 
are therefore not specific to the Algerian population.

Two probands carrying pathogenic variants within 
GCK were identified and both were diagnosed incidentally 
and not due to the presence of diabetes symptoms. This is 
of little surprise, as diabetes caused by variants in GCK is 
characterized by only mildly elevated levels of plasma 
glucose.30 Several of the carriers had received insulin 
treatment, yet GCK-MODY patients are not responsive to 
oral hypoglycaemic agents such as sulphonylurea or met
formin or low-dose insulin31 nor do they require treatment 
as GCK-MODY is not associated with progression or risk 
of comorbidities. Thus, cessation of treatment is recom
mended to the carriers of pathogenic GCK variants identi
fied in the present study.

The GCK variant Met210Lys variant found in family 
P4 has previously been associated with diabetes, impaired 
glucose tolerance or impaired fasting glucose among 
related Norwegian subjects by altering glucokinase kinetic 
parameters.32 This is comparable to the clinical presenta
tion in the identified family.

The second GCK variant identified in family P19, 
Gly261Arg, has been reported in patients with the clinical 
features of MODY from different populations33–41 and has 
previously been described in a homozygous state in patients 
with neonatal diabetes.42,43 Furthermore, functional studies 
performed by Gidh-Jain et al (1993)44 and Davis et al 
(1999)45 of this variant have revealed that it affects kinetic 
parameters. Thus, the phenotype of the twin sister and the 
mother of proband 12, is consistent with GCK-MODY pheno
type, which is characterized by fasting plasma glucose levels 
ranging between 5.5 and 8.5 mmol/l, as previously established 
by the ISPAD consensus guidelines (International Society for 
Pediatric and Adolescent Diabetes).46 Discontinuation of ther
apy will therefore be initiated.

The Gly76Cys variant in HNF1B was present in pro
band P13. The clinical presentation of proband P13 is 
consistent with the presence of a pathogenic HNF1B- 
MODY variant by the presence of fluctuant elevation of 
ALAT, ASAT, GGT and ALP and frequent hypokalemia.47 

This variant has previously been reported in a fetus with 
bilateral multicystic dysplasia from North African 
parents48 and in two probands with renal anomalies.49 

This patient was also a carrier of an HNF1A-MODY 
variant of unknown clinical significance; thus, whether 
the presence of low CRP concentrations50 within this 
patient is a consequence of the HNF1A variant, is uncer
tain. As DNA was not available from the parents, it was 
not possible to establish whether the two variants co- 
segregate with diabetes, and thus causality could not be 
further examined. Based on the genetic diagnosis, the 
recommended treatment for this patient is sulphonylurea 
or insulin.51

Previous studies examining the prevalence of MODY, 
have for the majority been performed among 
Caucasians.16 However, it is of great importance to inves
tigate other populations as they may identify deviating 
prevalences as well as clinical characteristics. Studies of 
HNF1A have found that 9% of South Asian MODY 
patients51 and 5% of Korean MODY patients are carriers 
of causal HNF1A variants, whereas 14% have been found 
in Japanese pediatric patients.52,53 For GCK, a prevalence 
of 2.5% were found in Korean MODY patients in contrast 
to 23% among Japanese pediatric patients.52–53 Thus, 
genetic investigation of different ethnicities is key.

The misdiagnosis observed in the present study has 
also previously been observed. In a study among patients 
stringently defined as T1D diabetes, nearly 8% had mono
genic diabetes variants.55 Another study investigating the 
prevalence of MODY variants in antibody-negative chil
dren with diabetes found that 4.1% of these children were 
carrying pathogenic MODY-variants.56 These studies, as 
well as the present study, illustrate the importance of 
considering genetic testing in early-onset diabetes to initi
ate an appropriate intervention.

The limitation of the current study is the small number 
of included patients. This allows only the conclusion that 
common forms of MODY exist in Algerian patients with 
early-onset diabetes. In the present study, more than one 
third of the patients carried MODY variants; however, 
whether this prevalence is representative for a larger popu
lation cannot be determined.
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Conclusion
Pathogenic variants in genes linked to common forms of 
MODY could explain the etiology of early-onset diabetes 
among Algerian patients; thus, sequencing of these genes 
should be considered, as the correct diagnosis can instigate 
accurate intervention and early diagnosis in family 
members.
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