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An association between the rare condition of transient neonatal diabetes melli
tus and either uniparental disomy for chromosome 6 or dup(6)(q22q23) raised 
the assumption that in this location on chromosome 6 there is an imprinted 
gene. We diagnosed diabetes that developed in a baby girl immediately after 
birth and resolved after 7 weeks of insulin treatment. Due to some minor 
dysmorphic features, we investigated her karyotype and identified inv
dup( 6)( q22q23). The duplication spans at least 10 eM including the DNA sites 
DS270, S314, S1684 and S310. This case further supports the assumption that 
an imprinted gene exists on chromosome 6q22-23. 

Introduction 

Neonatal diabetes mellitus (NDM) is a very rare entity, 
with an estimated incidence of 1 in 400,000 neonates [1]. 
Patients with NDM require insulin therapy to maintain 
euglycemia. In about half of the neonates, the diabetes is 
transient (TNDM) and resolves at a median age of 3 
months, while the rest of the patients have a permanent 
form of diabetes. In addition, in a significant number of 
patients with TNDM, diabetes type 2 (lDDM) reappears 
later in life. The association between TNDM and either 
paternal isodisomy or duplication of chromosome 6q22-
23 raised the possibility of an imprinted gene in this loca
tion. We report on a child with TNDM with a de novo 
invdup(6)(q22q23); the duplicated segment was limited 
to the segment between the DNA loci D6S308 and 
D6S1684. 
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Patient Report 

The proband is a female, the first child of Ashkenazi Jewish par
ents aged 25 and 26 years. She was born at 36 weeks of gestation and 
weighed 1,660 g (small for gestational age). Almost immediately after 
birth persistent hyperglycemia was documented and the diagnosis of 
NDM was made. She was successfully treated with insulin injections 
till the age of 7 weeks to maintain euglycemia. Because of her rela
tively coarse facial features and a protruding tongue, a cytogenetic 
analysis was performed. At the age of 1 year she weighed 8.5 kg; upon 
evaluation at the age of 2 years, her mental and motor development 
were normal, physical examination was normal except for isolated 
macroglossia. 

Materials and Methods 

Cytogenetic Analysis 
Peripheral blood lymphocytes were cultured according to stan

dard techniques [2]. For high-resolution banding analysis, MTX was 
applied to the cultures. G-banding was performed according to the 
standard techniques [3]. FISH analysis was performed using chromo
some 6 painting probe (Oncor, Gaithersburg, Md., USA) according 
to the manufacturer's instructions. 
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the DNA markers is based on the on-line Chromosome 6 version 
v8c7 Integrated Marker Map. 
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DNA Analysis 
Genomic DNA was extracted according to standard techniques. 

Short tandem repeat (STR) sequence polymorphisms were analyzed 
as previously described [4]. The following (CA)n dinucleotide repeat 
polymorphisms were used: D6S292, D6S314, D6S1684, D6S31O, 
D6S308, D6S311, D6S1577, D6S305, the sequences of oligonucleo
tide primers were retrieved from on-line Genome Data Base (GDB). 

Results 

Cytogenetic analysis on the patient's lymphocytes re
vealed aberrant chromosome 6 with extra material on 
chromosome 6q (fig. 1), we suspected that it was a dupli
cation of the 6q segment. FISH, using chromosome 6 
painting probe painted the extra material on chromosome 
6. According to the G-banding pattern, we interpreted the 
karyotype as 46,XX,dup(6)(q16q21). The parental karyo
types were normal. 

In order to better define the duplicated region and its 
origin, we analyzed the segregation of DNA polymorphic 
markers (table 1). Fully informative markers were those 
in which the parents did not share a common allele and 
both were heterozygotes, such as D6S1684. The informa
tive markers indicated that the duplicated chromosome 
was of paternal origin and that the duplication arose from 
a single chromosome. Namely, the father contributed two 
doses of the same allele as could be seen from the relative 
intensity of the relevant PCR products. The duplication 
spans at least 10 cM including the markers D6S1684, 
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Table 1. Chromosome 6 microsatellites 
in the parents and child 

STR Mother Father Child 

D6S434 alg hli g/h 
D6S270 ala alb albb 
D6S435 alb bib bib 1 

D6S472 alb bib bib 1 

D6S292 clg clc c/c l 

D6S314 bib aid blaa 
D6S1684 ble alc blcc 
D6S31O clc alb clbb 
D6S308 alb bid bldd 
D6S311 aid die aid 
D6S1577 bid alb alb 
D6S305 big ala alg 

1 Not informative. 

D6S310 and D6S308. The DNA marker D6S311 which 
lies 3 cM telomeric to D6S308 was not duplicated (fig. 2). 
The DNA markers on the duplicated segments with defi
nite map position pointed to duplication of DNA markers 
from 6q22-23 segment. We thus re-evaluated the karyo
type according to the molecular results and the G-banding 
pattern and reached the conclusion that the duplication 
was a result of inversion duplication of the segment 6q22-
23 (fig. 1). 
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Discussion 

In 1994, Abramowicz et al. [5] reported on a child with 
methylmalonic acidemia and NDM. A paternal isodiso
my (UPD) of chromosome 6 was demonstrated which 
caused homozygotization of a mutated paternal allele of 
the gene MUT leading to methylmalonic acidemia. The 
authors speculated on the existence of a gene on chromo
some 6 which is involved in the pathogenesis of NDM. 
Since this first publication, there were reports on 3 chil
dren with TNDM associated with paternal UPD for chro
mosome 6 [7] which support the hypothesis of an im
printed gene on chromosome 6. Another association of a 
chromosome 6 anomaly and TNDM was found in pa
tients with duplication of 6q23 of paternal origin [8, 9]. 
These observations led Temple et al. [10] to systematical
ly search for chromosome 6 abnormalities in 10 patients 
of unrelated families with NDM. In one family (family A), 
they found familial duplication on (6)(q22q23) that 
caused TNDM upon paternal transmission, in another 
familial case with TNDM (family B), they demonstrated a 
linkage to markers from the same region of chromosome 
6. The mode of inheritance in these two families further 
supports the existence of an imprinted gene on chromo
some 6q22-23. In the present report an additional child 
with TNDM is described in association with dup(6)(q22 
q23) of paternal origin and thus adds another case in sup
port of the concept of an imprinted gene on chromosome 
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6. The duplication spans the same region as that offamily 
A of Temple et al. [10]. In our patient the duplication 
involves one of the paternal homologues of chromosome 6 
which, according to our interpretation, was a result of 
inversion duplication of 6q22-q23. Whether this region is 
a hot spot for rearrangement due to homologous repeti
tive sequences flanking the putative imprinted gene needs 
further study. 

While general clinical data of the prognosis of children 
with TNDM are available, there are still too few patients 
in whom the NDM was transient and caused by UPD6 or 
duplication of(6)(q22q23) of the paternal chromosome to 
conclude what is their long-term prognosis. Of interest are 
the patients with UPD6 [6], one that developed IDDM at 
the age of 13 and one who remained euglycemic at the age 
of 3 years, while in the family reported by Temple et al. 
[10], 4 sibs remained asymptomatic at the ages 6, 32, 30 
and 25 years after their TNDM event. Identifying other 
previously reported cases ofTNDM and performing com
prehensive cytogenetic studies might be an avenue to 
building an adequate data base and evaluating the exact 
prognosis. 
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