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Background: Neonatal diabetes mellitus is a rare condition. Case characteristics: Asmall
for gestational age male, presented with neonatal onset diabetes mellitus, duodenal atresia,
annular pancreas and gall bladder hypoplasia. Observation: A novel homozygous mutation
p.K163R (c.488A>G) in the PDX1 gene was found. Parents were heterozygous for the
same. Message: This case highlights the importance of establishing the genetic diagnosis
in all cases of neonatal diabetes mellitus.
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eonatal diabetes mellitus (NDM) has an

estimated incidence of 1:300,000 to

1:400,000 live Dbirths [1]. Mutations

involving the KCNJII, ABCCS8 and INS
genes accounts for nearly 70% of monogenic causes of
permanent neonatal diabetes mellitus [2]. Mutations in
the PDX1 gene is a rare cause of NDM associated with
pancreatic agenesis [3]. The authors wish to report a case
of permanent NDM due to homozygous novel mutations
inthe PDXI gene and a phenotype.

CASE REPORT

A two-day-old, first by birth order, term, small for
gestational age (1.2 kg) male infant born to non-
consanguineous parents presented with abdominal
distension and recurrent non-bilious vomiting.
Antenatally, he was diagnosed to have polyhydramnios
and severe intrauterine growth retardation. Imaging
studies suggested duodenal atresia with a non-visualized
gall bladder. Intra-operatively, duodenal atresia with an
annular pancreas, thin intestinal loops and a hypoplastic
gall bladder were observed. Post-operatively the infant
had persistent hyperglycemia (>200 mg/dL) requiring
insulin administration. Concomitant insulin infusion was
continued during total parenteral nutrition. In the
presence of undetectable levels of plasma C-peptide, a
diagnosis of NDM was made. On initiation of feeds,
transition to subcutaneous insulin administration with a
combination of once a day dose of glargine and
intermittent doses of regular insulin was made.
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In view of NDM, hypoplastic gall bladder, duodenal
atresia and annular pancreas, a probable genetic etiology
was suspected. Mother had diabetes mellitus since the
age of 18 years and was on insulin therapy. Blood
samples of the infant and parents were sent for analysis of
genes associated with NDM. Coding regions and
conserved splice sites of the KCNJI11, ABCCS8 and INS
genes were analyzed initially followed by analysis of all
the known genes, EIF2AK3, FOXP3, GATA4, GATAG,
GCK, GLIS3, HNFIB, IER3IP1, PDXI, PTFIA,
NEURODI, NEUROG3, RFX6, SLC242, SLCI9A42,
WFSI and ZFP57 by targeted next generation sequencing
(Agilent custom capture V5/Illumina Hiseq).

A novel homozygous missense mutation DNA
description: ¢.488A>G and protein description:
p-Lys163Arg (p.K163R) in the exon 2 of the PDXI gene
was identified and subsequently confirmed by Sanger
sequencing. This mutation affects a highly conserved
residue in the homeobox domain. Both parents were
found to be heterozygous for the same mutation.

Exocrine pancreatic function screening was planned
at 4 months of age in view of the nature of genetic
mutation and the presence of frequent, loose, oily, foul
smelling stools. The tests revealed increased fecal fat
excretion and low fecal chymotrypsin and elastase level.
This necessitated pancreatic enzyme and fat-soluble
vitamin supplements in addition to the daily multiple
doses of subcutaneous insulin. He is currently 2 years old.
His length and weight are just below the third centile but
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trending parallel to it on serial monitoring, with near
normal developmental milestones. He is currently on
total daily dose of insulin of 1 [U/kg/day and exocrine
pancreatic supplementation with an HbA1C of 8.9.

DiscussioN

Based on the clinical course, two forms of NDM have
been recognized: transient and permanent. Transient
neonatal diabetes usually resolves with or by the first year
of life with greater risk of developing diabetes later in
life. Permanent neonatal diabetes mellitus is
characterized by early onset of persistent hyperglycemia
requiring lifelong treatment [4]. PNDM due to mutations
in the KCNJII and ABCCS genes are amenable to
treatment with sulphonylureas, emphasizing the need for
genetic testing in all cases of neonatal diabetes [1].

PDXI1 (IPF-1) gene is located on chromosome
13q12.2. It encodes for pancreas/duodenum homeobox
protein 1. The transcription factor insulin promoter factor
(IPF-1) is a master regulator of pancreatic development
and differentiation of f cells of islet. In mature B cells,
PDXI regulates the expression of critical genes including
insulin, glucokinase and glucose transporter [2,5].

Stoffers, et al. [6] reported a patient with pancreatic
agenesis with single nucleotide deletion within codon 63
of the human [PFI (PDXI) gene (13ql2.1).
Schwitzgebel, et al. [7] reported two mutations affecting
the IPF (PDXI) gene resulting in pancreatic agenesis.
The single largest cohort of five patients with PDX1 gene
mutations was described by De Franco, ef al. who found
bi-allelic mutations in three patients with normal
pancreas formation and without exocrine function
involvement [3]. Nicolino, et al. [8] reported two patients
with mutations resulting in E178G substitution in the
PDXI homeodomain. Both patients had permanent
neonatal diabetes with subclinical exocrine insufficiency.
Our patient exhibited exocrine insufficiency on
screening, justifying the screening of exocrine functions
in all such patients.

None of the previously reported cases of PDXI gene
mutations, mention of duodenal atresia, gall bladder
hypoplasia and annular pancreas as an association which
is seen in RFX6 mutation (Mitchell-Riley syndrome)
[9,10]. Based on our single case experience, it is not
possible to explain this association.

Permanent insulin therapy is the mainstay of
treatment of patients with PDXI/ mutation. Our case
highlights the importance of establishing the genetic
diagnosis in all cases of NDM and screening for known
co-morbidities. The genetic testing in this case highlights
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the permanent nature of diabetes mellitus, the insulin
dependence, the autosomal mode of inheritance and the
need for exocrine pancreatic function screening.

Acknowledgements: Elisa De Franco, Sarah Flangan and Sian
Ellard from the Molecular Genetics laboratory, University of
Exeter, Royal Devon and Exeter NHS Foundation trust, Exeter,
United Kingdom for having performed the gene testing for the
patient and his parents.

Contributors: AK: diagnosis and work-up of the condition, and
finalizing the manuscript; VKS: Data collection and drafting
the initial manuscript; FN: literature review and inputs in
manuscript preparation.

Funding: None; Competing interest: None stated.

REFERENCES

1. Polak M, Cavé H. Neonatal diabetes mellitus: a disease
linked to multiple mechanisms. Orphanet J Rare Dis.
2007;2:12.

2. Pagon RA, Adam MP, Ardinger HH, Wallace SE,
Amemiya A, Bean LJH, et al. Permanent Neonatal
Diabetes Mellitus. GeneReviews® [Internet]. Seattle
(WA): University of Washington, Seattle; 1993-2015.

3. De Franco E, Shaw-Smith C, Flanagan SE, Edghill EL,
Wolf J, Otte V, et al. Biallelic PDX1 (insulin promoter
factor 1) mutations causing neonatal diabetes without
exocrine pancreatic  insufficiency. Diabet Med.
2013;30:e197-20.

4. Nair VV, Chapla A, Arulappan N, Thomas N. Molecular
diagnosis of maturity onset diabetes of the young in
India. Indian J Endocrinol Metab. 2013; 17:430-1.

5. Fujimoto K, Polonsky KS. PDXI and other factors that
regulate pancreatic beta-cell survival. Diabetes Obes
Metab. 2009;11:30-7.

6. Stoffers DA, Zinkin NT, Stanojevic V, Clarke WL,
Habener JF. Pancreatic agenesis attributable to a single
nucleotide deletion in the human /PF] gene coding
sequence. Nat Genet. 1997;15:106-10.

7. Schwitzgebel VM, Mamin A, Brun T, Ritz-Laser B, Zaiko
M, Maret A, et al. Agenesis of human pancreas due to
decreased half-life of insulin promoter factor 1. J Clin
Endocrinol Metab. 2003;88:4398-406.

8. Nicolino M, Claiborn KC, Senée V, Boland A, Stoffers
DA, Julier C. A novel hypomorphic PDX1 mutation
responsible for permanent neonatal diabetes with
subclinical exocrine deficiency. Diabetes. 2010;59:733-
40.

9. Mitchell J, Punthakee Z, Lo B, Bernard C, Chong K,
Newman C, et al. Neonatal diabetes, with hypoplastic
pancreas, intestinal atresia and gall bladder hypoplasia:
Search for the aetiology of a new autosomal recessive
syndrome. Diabetologia. 2004;47:2160-7.

10. Concepcion JP, Reh CS, Daniels M, Liu X, Paz VP, Ye H,
et al. Neonatal diabetes, gallbladder agenesis, duodenal
atresia, and intestinal malrotation caused by a novel
homozygous mutation in RFX6. Pediatr Diabetes. 2014;
15:67-72.

INDIAN PEDIATRICS

1053

VOLUME 54—DECEMBER 15, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


