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A biallelic loss-of-function PDIA6 variant in a second patient
with polycystic kidney disease, infancy-onset
diabetes, and microcephaly

To the Editor:

Dysregulation of the endoplasmic reticulum (ER) stress response is

an important cause of human disease. Pathogenic variants in at

least 10 different ER stress response genes cause syndromic

diabetes, with onset ranging from the neonatal period to early

adulthood.1

Following the publication by Al Fahdli et al2 describing a child

with asphyxiating thoracic dystrophy and neonatal diabetes caused by

a homozygous PDIA6 variant, NM_001282704:p.Val235fs, we report

a second individual with infancy-onset diabetes and extra-pancreatic

features caused by a pathogenic variant in PDIA6.

The male proband was the first-born child to consanguineous,

Middle Eastern parents with a history of multiple pregnancy losses.

He was born at 32 weeks gestation weighing 1.4 kg, following

antenatal detection of oligohydramnios and echogenic kidneys. He

was initially ventilated for 5 days and received two doses of surfac-

tant. Detailed clinical assessment at 3 months noted microcephaly

(head circumference -6.8SD at 8 months), large polycystic kidneys,

hypertension, bilateral inguinal hernias, and umbilical hernia. At

6 months, he was diagnosed with developmental delay, bilateral

sensorineural hearing loss, hypotonia, visual impairment, and steat-

orrhea. A right nephrectomy was performed. An ultrasound scan

showed probable fibrotic changes in the liver. Insulin-dependent

diabetes was diagnosed at 8 months. He died in end stage renal

failure at 18 months.

Targeted next-generation-sequencing of all known monogenic

diabetes genes did not identify a causative variant. Whole-genome-

sequencing of the proband (samples from parents and previous

pregnancies were not available) identified a novel PDIA6 homozygous

stop-gain variant [NM_001282704:p.Tyr368*, NM_005742:p.Tyr316*]

(Figure 1).

Since at the time of the analysis biallelic PDIA6 variants had not

been reported, we investigated the presence of biallelic PDIA6 loss-

of-function variants in the GnomAD and Genes and Health (G&H)

databases to try and establish causality. There were no homozygous

PDIA6 loss-of-function variants in GnomAD, but one homozygous

stop-gain variant [NM_001282704:p.Ser51*] was present in one

unaffected individual in G&H, leading us to conclude that the vari-

ant was unlikely to be causative. The report by Al Fahdli et al

prompted us to reassess this evidence and we found that the variant

reported in G&H affects 4 of the 6 PDIA6 transcripts (including the

longest transcript, NM_001282704, Figure 1). The shorter transcript

NM_005742, the most abundantly expressed isoform across tissues,

was not affected by the G&H variant, but would be degraded

because of the variants identified in our patient and in the case

reported by Al Fahdli et al. This is consistent with PDIA6 loss-of-

function variants affecting the NM_005742 transcript being

disease-causing.

The phenotype of our proband closely resembled the case

described by Al Fahdli et al, with intrauterine growth retardation,

c.547del, p.Val183fs 

F IGURE 1 Schematic representation of the PDIA6 transcripts NM_005742.4 and NM_001282704.2 and their expression across tissues.
Mean transcript expression (min = 0, max = 1) of each exon shown in black (data from GnomAD). Variant annotation according to NM_005742.4
transcript shown at the top.
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congenital polycystic kidney disease, infancy-onset diabetes, micro-

cephaly, and liver fibrosis. Asphyxiating thoracic dystrophy was not

detected in our patient.

PDIA6 variant analysis in 102 diabetic individuals diagnosed

<12 months in whom all known genetic aetiologies had been excluded

did not identify any additional cases. This suggests that PDIA6 is an

extremely rare genetic subtype of infancy-onset diabetes. Nonethe-

less, an early genetic diagnosis of PDIA6-disease is important for med-

ical management and family counselling. We recommend that PDIA6

is added to gene panels for polycystic kidney disease, infancy-onset

diabetes, and microcephaly.

PDIA6 plays an important role in ER stress regulation through

interaction with the kinase PERK3 (encoded by EIF2AK3, pathogenic

variants in EIF2AK3 are a common cause of syndromic neonatal diabe-

tes). PDIA6 participates in processing of the misfolded proinsulin

protein in vitro, suggesting that it is critical for pancreatic beta-cell

function.4 Therefore, beta-cell destruction through misfolded proinsu-

lin accumulation and dysregulated ER stress is a likely mechanism

explaining early-onset diabetes in the two reported patients with

PDIA6 loss-of-function variants.

Our report confirms that biallelic loss-of-function variants

in PDIA6 cause a congenital multi-system syndrome with poly-

cystic kidneys, microcephaly, and infancy-onset diabetes. This

study highlights the importance of using the most biologically

relevant transcript when assessing variants in novel aetiological

genes.
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