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In 1967, the mother, aged 16 years and not overweight, presented with thirst and polyuria
following a bout of tonsillitis. Hyperglycaemia was confirmed and she commenced insulin
therapy for presumed type 1 diabetes. At the same time, she was noted to have moderate renal
impairment (creatinine 0.17mM), normal urine microscopy and <1g/24h proteinuria. Her
pregnancy at age 22 years was complicated by hypertension and further deterioration of renal
function. Her male child was delivered at 33 weeks gestation weighing 1260g, 40g below the 31
centile for age. In 1975, she had a renal biopsy that was reported to show minor, non-specific
features that included focal tubular atrophy, interstitial fibrosis and mesangial proliferation. A
second pregnancy to the same father delivered another son, of normal birth weight (2130g), at 33
weeks gestation. Her renal function then progressively deteriorated, and she required dialysis at
age 50 followed by combined kidney/pancreas transplantation at age 53. At the time of her
transplant, her fasting C-peptide level was below the limit of detection of 0.166nmol/l. Her
medical history also included low birth weight (self-reported as 41b or 1814g at 38 weeks
gestation) and rheumatoid arthritis diagnosed at age 52 years.

The first son, who had also never been overweight, was diagnosed with type 1 diabetes at age 17
years when he developed thirst and polyuria associated with non-ketotic hyperglycaemia. He had
an elevated serum creatinine (0.17mM), mild proteinuria (0.26g/24h) and hypertension (blood
pressure 150/100mmHg). Renal ultrasound showed mildly hyperechogenic kidneys of normal
size (each 9.5cm), with two small cysts on the left kidney. A renal biopsy was reported as
showing non-specific findings of mild mesangial thickening and tubular fibrosis. The similarities
of his condition to that of his mother prompted discussion between his nephrologist and the renal
histopathologist, but they could not arrive at a unifying diagnosis. His diabetes remained well
controlled (HbA1c<6.2%) despite varying compliance with insulin therapy. Multiple tests for
islet autoantibodies were negative and fasting C-peptide five years after diabetes diagnosis was
normal at 0.68nmol/l. At age 38, he and his partner were assessed for infertility. Semen analysis
showed 17 million sperm per milliliter (RR>15 million/ml), of which 98% were dysmorphic
(RR<96%) and 33% were motile (RR>40%).

The extended family tree is shown in Figure 1. The second son had not been diagnosed with
either diabetes or kidney disease at age 38. The father did not have diabetes or kidney disease as
a young adult, but his health in older age is not known because he is estranged. On the mother’s
side of the family, her sister developed rheumatoid arthritis aged 21 years, one brother became
obese in early adulthood and developed diabetes aged 50 years and the other brother died in his
20s in a motor vehicle accident. Her father was thought to be overweight but not obese and
developed diabetes aged 70 years whereas her mother developed rheumatoid arthritis aged 50
years and diabetes, thought to be related to steroid therapy, at 52 years of age.

We hypothesized that a rare gene mutation present in the mother and her affected son accounted
for their syndrome of young-onset diabetes and kidney disease. We therefore sought permission
from Melbourne Health Human Research Ethics Committee to have the Australian Genome
Research Facility perform whole exome sequencing on whole blood DNA isolated from the
mother and both sons. We obtained 10-fold or better genome coverage for 96% of the exomes
and used our analysis pipeline (1) to identify non-synonymous base changes whose allele
frequencies within the Australian population were less than 1%. We identified 50 non-
synonymous base changes that occurred only in the affected mother and son and that were



predicted by the SIFT and Polyphen algorithms (2) to impair protein function (Supplementary
table). Only one of these mutations occurred at a locus previously associated with diabetes
and/or kidney disease: an A-G base change in the HNF'IB gene predicting a M160V amino acid
substitution in a highly conserved mutation hotspot within a DNA-binding domain (3).
Heterozygosity for this change was confirmed in the mother and affected son by direct
sequencing.

Methionine and valine are both non-polar amino acids with similar steric properties, suggesting
the M160V substitution might not impair HNF 1B protein function. However, this variant has
been previously identified in a kindred with hyperechogenic kidneys, renal cysts and
glomerulocystic changes in a renal biopsy (4). This suggested that our kindred’s HNFIB
mutation was pathogenic and prompted us to look for similar changes in the affected son’s
biopsy (the mother’s specimen had been destroyed). Although not described in the original
histopathology report, 6 of 18 glomeruli had markedly dilated Bowman's spaces indicative of
glomerulocystic disease (Figure 2).

We also imputed HLA-DR genotype by genotyping the mother and her sons for three single
nucleotide polymorphisms (5). The mother and her unaffected son carried the high-risk type 1
diabetes genotype (HLA-DR3 combined with HLA-DR4 alleles) whereas the affected son
carried an intermediate risk genotype (one HLA-DR4 allele only). Taken with the
abovementioned C-peptide and islet autoantibody findings, these HLA-DR genotypes are
consistent with a non-autoimmune cause of diabetes affecting the son but leave open the
possibility of autoimmune type 1 diabetes affecting the mother.

We concluded that several seemingly disparate clinical features in the mother and her affected
son represented the MODY'5 syndrome, caused by a M160V amino acid change in HNF1B.
These features were: young-onset diabetes affecting the mother and son (6), hyperechogenic
cystic kidneys noted in the son’s ultrasound (4, 7, 8), the low birth weight of the mother and son
(9) and the son’s infertility, which may have reflected genital tract malformation (8). This is the
first reported case of MODY5 associated with this HNF'IB mutation.

Maturity onset diabetes of the young (MODY) is a rare monogenic syndrome of non-ketotic
diabetes that affects successive generations of a family before 25 years of age (10). The three
most common MODY subtypes (MODY1, -2 and -3) are associated with mutations in genes
critical for pancreatic beta cell development (HNF 1A and HNF4A) and function (GCK). The
MODY 5 subtype is uniquely associated with glomerulocystic kidney disease and is due to

HNF 1B gene mutation. More than 30 different HNF'/B mutations have been described, but most
have been found in families affected by glomerulocystic kidney disease without diabetes (3, 11).
Most HNF'1B gene mutations localise to one of two DNA-binding domains, which are postulated
to target the HNF1B protein to promoters of genes critical for pancreatic and renal development.
The M160V mutation observed in our family has previously been identified in a kindred with
glomerulocystic kidney disease without diabetes (4).

The exome comprises the regions of the genome that encode proteins, accounting for around 1%
of DNA in humans. Exome sequencing involves amplifying these protein-coding regions by
polymerase chain reaction and sequencing around a million of these simultaneously. The



sequences are then aligned and cross-referenced to the human reference genome to identify
changes in the genetic code. Although exome sequencing is a powerful and cost-effective
method for mutation screening, it may not provide reliable sequence for around 5% of exomes,
and the large amounts of data demand stringent bioinformatic approaches to verify data quality
and to correctly interpret the many thousands of genetic polymorphisms (12). In addition, a
mutation cannot be ascribed to an individual before it is confirmed by traditional gene
sequencing.

Exome sequencing is currently the most widely used technology for the identification of coding
changes in the genome and was, until recently, much cheaper than whole genome sequencing.
However, the recent advent of the ‘$1000 genome’ (13) will make exome sequencing virtually
redundant. Whole genome sequencing enables more uniform and comprehensive sequencing
coverage, translating into more variants captured (14). The interpretation of these variants,
particularly those occurring in non-coding (non-exomic) DNA, will be challenging.

This case illustrates how exome sequencing of small kindreds can help refine clinical diagnosis.
In this instance, identification of a HNF'IB mutation provided the affected mother and son with
an explanation for several of their health problems and enabled disease screening of other family
members. It also highlights the importance of a multidisciplinary approach to interpreting the
vast amount of genetic variability identified by whole exome sequencing, especially relevant
given its rapid uptake in the clinical arena (15).
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Figure 1. Family tree. Shaded symbols represent diabetes and renal impairment in the
mother and her affected son. Family members who provided DNA samples are indicated
by *. RA: rheumatoid arthritis; MV A: motor vehicle accident.
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Figure 2. Glomerulocystic change in the affected son’s kidney.

The arrows and arrowheads in the low-power (x4) view indicate functional glomeruli and
glomerular cysts respectively. The asterix indicates a small artery showing moderate
arteriosclerosis with surrounding fibrosis. The high-power (x40) view of the boxed area shows a
glomerular tuft within a dilated Bowman’s space, indicative of glomerulocystic disease.




Supplementary Table
Details of the 50 non-synonymous mutations that met our selection criteria

UniProt
Accession Base Amino acid Allele
Symbol Gene No. Chromosome position Reference  Mutation substitution frequency
ARHGAP42 Rho GTPase activating protein 42 A6NI28 11 100830655 A G 1402V novel
ARLSB ADP-ribosylation factor-like 5B Q96KC2 10 18955518 A T I21L novel
ATOHS atonal homolog 8 Q96SQ7-2 2 85981734 A C El41A novel
ATP8A2 ATPase, aminophospholipid transporter, class I, type 8A, member 2 QONTI2 13 26153950 G T L584F novel
ATP8B4 ATPase, class I, type 8B, member 4 Q8TF62 15 50264839 C T G395S 0.005931
Cl170rf57 chromosome 17 open reading frame 57 QS8IYS8S5 17 45452309 A G E450G novel
Clorf96 chromosome 1 open reading frame 96 Q6IQ19 1 229461083 C G A238P 0.001
CHI3L2 chitinase 3-like 2 Q15782 1 111783982 C T R318W novel
CLECI8A  C-type lectin domain family 18, member A ASDS8TS 16 69996928 G A D421N novel
CLECL1 C-type lectin-like 1 Q8I1ZS7 12 9875323 T C T135A 0.007612
CNRIP1 cannabinoid receptor interacting protein 1 QO6F85 2 68521098 G A R131W novel
CPTIC carnitine palmitoyltransferase 1C Q8TCGS-3 19 50210874 G A M4811 novel
CSMD1 CUB and Sushi multiple domains 1 E5RIG2 3087687 C G R1408T 0.005088
DAGLB diacylglycerol lipase, beta B4DQUO 6476161 G C T84R 0.003152
DCAF5 DDB1 and CUL4 associated factor 5 G3Vv4J7 14 69521652 C T R583Q 0.001076
DIS3 DIS3 mitotic control homolog Q9Y2L1-2 13 73347859 G A A371V 0.001846
EPN3 epsin 3 F6QWWS 17 48615458 G T R249L 0.001384
EVC2 Ellis van Creveld syndrome 2 Q86UKS5 4 5620263 G A A883V 0.002691
FAT2 FAT tumor suppressor homolog 2 QIONYQS8 5 150924344 T C Y2115C 0.000154
FBN3 fibrillin 3 Q75N90 19 8152724 C T G2202R 0.001307
FNDC1 fibronectin type III domain containing 1 Q4ZHG4-2 159660915 C A T1453N 0.001259
HECW1 HECT, C2 and WW domain containing E3 ubiquitin protein ligase 1 Q76N8&9 43540841 T C VI1184A 0.003321
HHIPL2 HHIP-like 2 QoUWX4 222696035 G A R695C 0.001615
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