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6XEKDGUD� 5DPDQDWKDQ� 06�� 06F�� 0DWWKHZ� :RRG� 0'�� 5RELQ�
'DZQ�&ODUN�0'

Case History:

A small for gestational age female infant was transferred to the 
NICU at Loma Linda University Children's Hospital at seven days 
of age for persistent hyperglycemia and neonatal diabetes mel-
litus. Persistent maternal vaginal bleeding was reported from 2 
months' gestation. The mother reported nausea and hyperemesis 
throughout the pregnancy and a poor gestational weight gain of 11 
lbs. Intra-uterine growth retardation (IUGR) was recognized late in 
the third trimester. 

The baby was delivered by induced vaginal delivery at 37w 3d for 
IUGR to a 28-year-old G6 P2-3 SAb1 TAb2 mother. 

Birth weight:                                  4 lb 11.1 oz (2130 g) (3rd percentile)

Birth length:                            17.5" (44.5 cm) (8th percentile)

Birth head circumference       31.8 cm (31.8 cm) (15th percentile)

After delivery at an outside hospital, blood glucose values were 
initially stable in the 70s, but repeat checks showed elevated 
blood sugars trending up above 200. A continuous insulin infusion 
did not control the hyperglycemia. Blood glucose values ranged 
from >500 to <70 in spite of frequent adjustments to insulin infu-
sion. C-peptide was undetectable while on an insulin infusion. The 
patient was transferred to our facility for endocrinology consult and 
further management. 

Under endocrinology direction, insulin infusion therapy transi-
tioned to oral glyburide. After discontinuation of insulin infusion 
and prior to initiation of glyburide, the C-peptide level was detect-
able but low, in spite of rising blood sugar levels. There was no 
evidence of multiple common diabetes-related autoantibodies. 
Due to elevated blood sugars, glyburide dosing was increased, 
and subcutaneous insulin glargine was started. While on both in-
sulin glargine and glyburide, blood sugars remained labile, with 
both high and low blood sugar values. Insulin glargine was discon-
tinued, and glyburide was increased further under endocrinology 
direction. At this time, blood glucose is more stable but elevated 
at 100-300. 

Genetics Evaluation: 

Because of restrictions due to the coronavirus pandemic, this 
evaluation was done at a distance. The NICU team uploaded pho-
tos of the baby into the Media tab of her electronic medical record. 
Examination of these photographs revealed a thin infant with deep 
infraorbital creases, macroglossia with a long, protruding tongue, 
mild micrognathia, thin upper lip, and incomplete helical folds of 
the right external ear. She had redundant periumbilical skin, which 
gave the impression that a small umbilical hernia had recently 
been reduced. She had asymmetric growth retardation with de-
creased subcutaneous tissue, wrinkled skin, and a relatively pre-
served head circumference. An echocardiogram was normal; an 
ultrasound of the abdomen showed normal pancreas. 

7KH�FOLQLFDO�KLVWRU\�DQG�SK\VLFDO�¿QGLQJV�VXJJHVWHG�WUDQVLHQW�QHR-
natal diabetes mellitus caused by paternal uniparental disomy for 
chromosome 6 (patUPD6). Chromosome microarray analysis was 

pending at that time, and requests for other genetic tests were 
put on hold until the microarray results were available. In a few 
GD\V�� WKH�PLFURDUUD\� UHVXOWV� FRQ¿UPHG�XQLSDUHQWDO� LVRGLVRP\����
arr(X)x2,(6)x2 hmz. Methylation studies were not done, but the 
phenotype was consistent with UPD6 of paternal origin. No further 
genetic testing was ordered. 

Discussion and Counseling:

The diagnosis of transient neonatal diabetes mellitus due to pa-
ternal uniparental disomy 6 (6q24-TNDM) explains this child's 
low birth weight and macroglossia as well as her neonatal diabe-
tes. The cardinal features of 6q24-TNDM are severe intrauterine 
growth retardation, neonatal hyperglycemia, which usually starts 
LQ�WKH�¿UVW�ZHHN�RI�OLIH�LQ�D�WHUP�LQIDQW��GHK\GUDWLRQ��DQG�DEVHQFH�
of ketoacidosis. The low birth weight is likely caused by the lack 
of insulin in utero. Insulin is a major growth factor during fetal life. 
Macroglossia and umbilical hernia are common. Our patient's 
clinical presentation and chromosome microarray test results are 
consistent with 6q24-TNDM due to paternal isodisomy for chromo-
some 6. 

The "transient" neonatal diabetes mellitus associated with 6q24-
TNDM lasts three months on average but can persist until 18 
months. Insulin is usually required initially, but the need for it grad-
ually declines over time. Intermittent episodes of hyperglycemia 
may occur in childhood, particularly during illnesses, during which 
the child should be closely monitored. Diabetes mellitus may re-
cur in adolescence or later in adulthood. Intelligence and growth 

The Genetics Corner: 
A Consultation for Neonatal Diabetes Mellitus Reveals 

Uniparental Disomy 6  

Peer Reviewed

“The mother reported nausea and 
hyperemesis throughout the pregnancy 
and a poor gestational weight gain of 
11 lbs. Intra-uterine growth retardation 
(IUGR) was recognized late in the third 
trimester. ”
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suggested transient neonatal diabetes 
mellitus caused by paternal uniparental 
disomy for chromosome 6 (patUPD6).”
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are usually normal. However, the long-term outcomes are still not 
completely known

Neonatal or congenital diabetes mellitus (NDM) is rare, with an 
incidence of about 1/90,000-160,000 live births. There are over 
���NQRZQ�FDXVHV�IRU�1'0��ZKLFK�FDQ�EH�FODVVL¿HG�LQWR�WUDQVLHQW��
permanent, and syndromic forms. In a recently published study 
from the United Kingdom involving 1020 patients, genetic testing 
detected a causal genetic etiology in more than 80% of infants 
diagnosed with diabetes before six months of age (de Franco E et 
al., 2015). Mutations in the potassium channel genes are the most 
common cause of permanent neonatal diabetes mellitus.

A genetic aberration usually causes transient neonatal diabe-
tes mellitus at the imprinted locus on chromosome 6q24 (6q24-
71'0���*HQRPLF�LPSULQWLQJ�UHIHUV�WR�WKH�GLႇHUHQWLDO�H[SUHVVLRQ�RI�
genes based on parent-of-origin, usually mediated by DNA meth-
ylation, which silences gene expression in one of the alleles. 

Three distinct mechanisms cause 6q24-TNDM by overexpression 
of the imprinted genes PLAGL1 and HYMAI at chr6q24, which are 
normally expressed only on the paternally derived chromosome 6 

)LJXUH���from Lemelman MB, Letourneau L, Greely SAW, 2018).

 A- Normal biparental disomy of chromosome 6: active genes 
are expressed on the paternal copy of chromosome 6, si-
lenced (imprinted) genes are not expressed on the maternal 
copy of chromosome 6

B- Uniparental disomy of chromosome 6: both copies of chro-
mosome 6 are derived from the father, which produces two 
active copies of these genes without a maternally derived 
copy of chromosome 6. 

C- Duplication of the paternal allele of the imprinted region on 
chr 6q24: two active copies of these genes on the paternal 
chromosomes, one inactive (imprinted) copy on the mater-
nally derived copy.

D- Loss of maternal methylation (hypomethylation) of the im-
printed region on chr 6q24: the maternally derived copy is 

active rather than silenced.

)LJXUH����'LVWULEXWLRQ�RI�WKH�GL௺HUHQW�JHQHWLF�PHFKDQLVPV�FDXVLQJ�
�T���71'0��IURP�*HQH5HYLHZV�RQ��T���71'0

Chromosome microarray analysis using SNP (single nucleotide 
polymorphism) genotyping can detect uniparental isodisomy as 
well as a duplication of 6q24. 

The microarray test detected isodisomy of chromosome 6 in our 
patient. The likely mechanism was "monosomy rescue," in which 
monosomy for chr 6 in the egg was compensated for by post-zy-
gotic mitotic duplication of the paternal chr 6, leading to complete 
isodisomy of the paternal chr 6. Monosomy 6 is not compatible 
with life, but after diploidy has been restored, the embryo can con-
tinue to develop. Therefore, paternal UPD "rescues" an embryo 
that would not have been viable otherwise (Figure 3). 

)LJXUH� ���0RQRVRP\� UHVFXH� WKURXJK� LVRFKURPRVRPH� IRUPDWLRQ�
�DGDSWHG�IURP�6KD௺HU�/*�HW�DO��������

 

Practical applications: 

1. Consider 6q24-TNDM when a small for gestational age in-
fant presents with macroglossia and neonatal diabetes.

2. Recognize that the "transient" nature of TNDM, may still take 
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months to resolve. 

3. A chromosome microarray can identify most cases of 6q24-
TNDM. However, methylation studies of chromosome 6, 
which may require parental blood samples, can identify all 
three major causes. 

4. Genetic testing informs the treatment of the various sub-
W\SHV� RI�1'0��$� FOHDU� HWLRORJ\� DQG� GLDJQRVLV� FODUL¿HV� WKH�
natural history, prognosis, and risks for developing related 
disorders.  
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