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ABSTRACT

utations of LMXIB cause nail-patella syndrome, a rare autosomal dominant
sorder. Recently, LMX1B R246Q heterozygous mutations were recognised in
nephropathy without extrarenal manifestation. The aim of this study was to clarify
ristics of nephropathy caused by R246Q mutation.

Whole exome sequencing was performed on a large family with

Tromic autosomal dominant nephropathy without extrarenal manifestation.
Clinic: ;and histological findings of patients with LAZX]B mutation were investigated.
¢ LMXI1B R246Q) heterozygous mutation was identified in five patients over
enerations. Proteinuria or haematoproteinuria was recognised by urinary

g from all patients in childhood. Proteinuria gradually increased to nephrotic
nd renal function decreased in adolescence. Two patients progressed to

nal disease in adulthood. Renal histology demonstrated minimal change in
dhood and focal segmental glomerulosclerosis in adulthood. Using electron
icroscopy, focal collagen deposition could be detected in glomeruli even when a
10th-eaten appearance” was not apparent in the glomerular basement membrane. In
podocin expression in glomerular podocytes was significantly decreased, even

in the early stages of disease progression.
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Conclusion: Comprehensive genetic analyses and collagen or tannic acid staining may

ful for diagnosis of LMX]B-associated nephropathy. While renal prognosis of
246(QQ:may be worse than that of typical NPS nephropathy, signs of podocytopathy can
ted during the infantile period; thus, childhood urinary screening may facilitate

etection.

Kéywqu: autosomal dominant, LMX1B, nail-patella syndrome, podocin, whole exome
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Introduction

omeobox transcription factor 1 beta (LMXI1B) plays crucial roles during
: ic development. Mutations in LMXIB gene lead to nail-patella syndrome (NPS),
a rare.autosomal dominant disorder associated with iliac horn formation and dysplasia
J&a, nails and elbows. While skeletal and nail abnormalities have been observed in
of NPS patients, renal involvement only occurs in approximately 30-50% of
ith NPS.'” The natural history of NPS nephropathy has not been described in
iUrinary abnormalities often manifest as asymptomatic proteinuria, but can

progress to nephrotic syndrome or nephritis and occasionally end stage renal disease

membrane (GBM) with type III collagen fibrils and an electron-lucent area,

5 2,3,5

often referred to as a “moth-eaten appearance

 Recently, LMXI1B R246Q heterozygous mutation was identified in a patient
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with nail-patella-like renal disease (NPLRD), which displays typical renal pathology of

espite a lack of skeletal or nail abnormalities.® The same mutation was also

entifi zd in two large families exhibiting hereditary focal segmental glomerulosclerosis
without extrarenal manifestation.” To date, clinical findings and kidney
y related to renal-limited LMX1B nephropathy remain unclear, as there are a
number of affected patients and chronological assessment of urinary
lities and/or kidney function in these individuals is lacking.

Using whole exome sequencing (WES), we identified heterozygous LMXIB
46Q mutation in a large family with nonsyndromic autosomal dominant nephropathy
extrarenal involvement. Clinical and pathological findings revealed observable

in characteristics, even during early stages and throughout varying stages of

udy articipants
e present study involved a family exhibiting an apparent autosomal dominant
inheritance pattern of nephropathy. Clinical evaluation of patients included physical

eﬁ;__glination, urinalysis, renal function and renal histology, when appropriate. All study
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procedures were reviewed and approved by the Research Ethics Committee of the

y of Medicine at the University of Miyazaki, with written informed consent

tained from either patients or their parents.

xXome sequencing

¢ DNA (gDNA) was extracted from blood samples using Gentra® Puregene®
it (Qiagen, Venlo, Netherlands). Patient gDNA was enriched for WES using
ct Human All Exome V5 (Agilent Technologies, Santa Clara, CA, USA)

ding to manufacturer’s protocol. Prepared libraries were sequenced in pair-end

ing a HiSeq2500 (Illumina, San Diego, CA, USA). Raw data were converted to
(Q format by bel2fastq Conversion Software (Illumina). NovoalignMPI software
3.02.06 (Novocraft, Selangor, Malaysia) was used to perform read mapping and
score recalibration of FASTQ files. For this step, human reference genome
e hgl9/GRCh37 and single nucleotide variation (SNV) information from Single
{de Polymorphism Database build 138 were downloaded from the UCSC
browser® and merged. Aligned reads were sorted by Novosort software

raft). Polymerase chain reaction (PCR) and optical duplication were removed by

”‘Markauplicates of the Picard Tools package (http://picard.sourceforge.net). Genome
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Analysis Toolkit (GATK) version 3.1-1 ? was used to perform local realignment (GATK

ligner) and variant call (GATK HaplotypeCaller) using an in-house workflow
nagement tool.'® Called SN'Vs and short insertion/deletion loci (indels) were selected
idate mutations using two criteria: all patients were not reference-homozygote
affected individuals were reference-homozygote. Selected SNVs and indels
notated using ANNOVAR software.'' Finally, variants meeting the following
ere selected as “deleterious™: 1) mutations leading to gain or loss of a stop
10nsynonymous mutation, or splice site according to gene information of

ODE version 19;'? 2) allele frequencies deviating from the Complete Genomics
set of unrelated individuals,'* 1000 Genome April 2012 dataset'* and Human
Variation Database (Japanese 1,208 exome dataset) version 1.41
“(http://www.genome.med.kyoto-u.ac.jp/SnpDB) equal to or less than 0.5%; 3) variations
ded in segmental duplication.” '® In addition, pathogenicity of variants was
using in silico predictions from PolyphenZ
netics.bwh.harvard.edu/pph2/index.shtml), Sorting Intolerant From Tolerant

ttp://sift.jevi.org) and PROVEAN (http://provean.jcvi.org/index.php).
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equencing

equencing was performed on the proband. Mutation analysis was carried out by
equencing of both strands of all exons from W71, ACTN4, CD2AP, TRPC6 and
ing exon-flanking primers. The entire coding region and exon-intron

ies of genes were PCR-amplified from gDNA using KOD-Plus (Toyobo, Osaka,
Products were subsequently purified and subjected to direct sequencing using

® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Carlsbad, CA,
nd an automated DNA sequencer. Candidate variants identified by WES,

ing LMXI1B, were validated by Sanger sequencing. Primers used for LMXI/B PCR
ation were previously described.!” PCR-amplified products corresponding to

al candidates were purified and subjected to direct sequencing.

annic acid. Immunohistochemical analysis of podocyte protein expression was
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d using mouse monoclonal antibodies against human podocin, as previously

ed.” Expression of podocin was compared with age-matched samples from

ation of LMXIB mutation in a family with nonsyndromic hereditary

;i)athy

A large family exhibiting nephrotic range proteinuria without extrarenal
manifestation attracted significant attention, as it consists of five affected patients
ted over three generations and two unaffected members (Fig. 1A, Table 1). The
(III-1) had chance proteinuria and microscopic haematuria identified by urinary
at one year of age. Proband’s mother (II-2) exhibited proteinuria and

uria in a school urinary screening performed at six years of age. Renal function

mother decreased gradually and progressed to ESRD; subsequently,
modialysis was commenced at 38 years of age. Proband’s grandfather (I-1)
progressed to ESRD of unknown cause at 40 years of age. Proband’s aunt (II-4) and

‘aunt’s daughters (III-2 and III-3) had proteinuria detected by chance in urinary
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ening performed at age thirteen, eleven and one, respectively.

To identify the causal variant, WES was performed on the entire family (five
itients. and two unaffected family members). Disease-causing candidate mutations
essed by criteria described in the Methods section. Eleven variants in eleven
ncluding TMEM51, LACTBLI, UBR3, TRIM42, GINI, SH3TC2, IDO2, FLI4,

7PIBA, and LMXIB, were selected as disease-causing candidate mutations.

‘t these genes, variants of TMEMS51, GLI4, GP1BA and LMXIB were predicted
Aﬁ_%se—causing mutations based on in silico modelling (supplementary table 1).
1 gene encodes transmembrane protein 51, whose function is largely unknown.
1, this protein is not expressed in kidneys and, furthermore, no disorders were
be associated with the TMEM51 gene. GLI4 gene, which encodes the GLI
zinc finger 4 protein solely expressed in skin, also has no known associated
rders. GPIBA is known to be the causal gene for platelet-type von
and disease (VWD), one subtype of this bleeding disorder, which only became
t on bleeding history.'® None of our patients presented with obvious bleeding
; therefore, LMX1B represented the greatest potential for causing nonsyndromic
‘kidney disease. Sanger sequencing confirmed a heterozygous G-to-A mutation

ne : on 4 of LMXIB (c.737G>A, p.R246Q) in all affected patients, but not in the two
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unaffected individuals (Fig. 1B). Nonsyndromic autosomal dominant FSGS genes,

ing WTI, ACTN4, CD2AP. TRPC6 and INF2, were analysed by Sanger

quencing in the proband, as exonic mutations were not observed.

characterisation of the affected patients

ical data are summarised in Table 1 and Figure 2. All patients, except grandfather
st presented with chance proteinuria or haematoproteinuria by urinary screening
in chﬂaood and none of these patients presented with obvious extrarenal clinical

fe: such as dysplasia of patella (Fig. 1Ba), nails and elbows, or iliac horn

1on (Fig. 1BDb), or glaucoma. Haematuria was observed in all patients at last

7up. Renal histological examination of the proband (III-1) confirmed MCD at two
age, which was treated with angiotensin-converting enzyme inhibitor (ACEI).
iria gradually increased; hence, a second kidney biopsy was performed at
of age, with results identical to those from the first biopsy (Fig. 3Aa, b).

] Obal; ’s treatment was changed to angiotensin II receptor blocker (ARB); her
proteinuria increased to nephrotic level at last follow up.

During the second pregnancy of proband’s aunt (II-4) at 30 years of age, she

‘developed nephrotic-range proteinuria, haematuria and hypertension. She was treated
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with ARB, however, her serum creatinine level gradually increased. At 39 years of age,

ney biopsy was performed, resulting in confirmation of FSGS (Fig. 3Ac, d). She
ntinued ARB therapy and her estimated GFR was maintaining 62.2 ml/min at 42

age.

al biopsy of her daughters (III-2 and III-3) was not performed in either instance
younger daughter (III-3) was also treated with ARB; her (III-3) proteinuria did

ge and renal function has since maintained a normal level.

Renal histological analyses

Histological findings from kidney biopsies for II-2, II-4 and III-1 are
aﬁsed in Table 2. Both proband’s (III-1) and her mother’s (II-2) renal histological
tions indicated MCD (Fig 3Aa, b); whereas, her aunt’s biopsy (II-4) revealed
3Ac, d). None of the specimens demonstrated GBM abnormalities according
ght microscopy and no specific deposition of immunoglobulin or complements were
by immunofluorescence microscopy. Focal foot process effacement was
ced:by electron microscopy in both proband’s first and second biopsies, as well as in
t’s biopsy. Electron microscopy of first and second renal biopsy from III-1

fevc;,, ed focal thinning of GBM, however, lucent or moth-eaten areas were not observed
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