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ABSTRACT

Glomerular disease, manifesting as steroid resistant
nephrotic syndrome and/or persistent haematuria
or albuminuria, is the second most common cause
of chronic kidney disease in children and adults in
Singapore and worldwide. To date, there are about
500 genes known to cause monogenic kidney diseases,
of which 100 are known to cause glomerular diseases.
About 20-30 percent of children with steroid-
resistant nephrotic syndrome (SRNS) and 10 percent
of adults with focal segmental glomerulosclerosis
have genetic causes; this number rises to 60-90
percent if there are predisposing risk factors like
positive family history, extrarenal manifestations
and/or glomerular basement membrane changes.
Among these, Alport syndrome genes (COL4A3, COL4A4,
COL4A5) are the most common genetic causes.

Genetic testing in glomerular diseases has numerous
clinical impacts on the patient, such as directing
immunosuppressive strategies, negate the need for
kidney biopsy, kidney donor selection and cascade
testing. Early introduction of renin-angiotensin-
aldosterone system (RAAS) blockade can delay CKD
progression especially in male patients with X-linked
Alport Syndrome. Early initiation of RAAS blockade
in these patients at the microalbuminuria stage or
even prior to the onset of any urinary anomalies can
delay kidney failure by >15 years. Such impactful
treatment is possible only if there is early diagnosis
based on genetic testing. Furthermore, Coenzyme
QI0 (CoQIl0) deficiency can also cause genetic
glomerulopathy, and treatment with coenzyme Q10
supplements can decrease proteinuria and delay CKD
progression.
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INTRODUCTION

Singapore ranks 4" and 7™ in the world for prevalence and
incidence of kidney failure respectively, spending $190
million on dialysis." The prevalence of Mendelian diseases
among patients with chronic kidney diseases (CKD) is ~30
percent in paediatric cohorts and 5-30 percent in adult
cohorts.? Such genetic cases are often not diagnosed in
Singapore as genetic testing is not widely implemented in
nephrology clinics and many patients present at late stages
of CKD.? The underlying cause at late stages is often not
apparent due to the severely scarred kidneys and lack of
clinical clues. These patients are often given a diagnosis
of “kidney failure of unknown aetiology”. (Taken from
“Trends in Chronic Kidney Failure in Singapore 2010
— 20117, Singapore Renal Registry Report No. 9 hteps://
www.nrdo.gov.sg/docs/librariesprovider3/Publications---
Kidney-Failure/trendsinrenal2010-2011.pdf2sfvrsn=0)

Glomerular disease is the second most common cause
of chronic kidney diseases in children and adults,” after
congenital anomalies in children and diabetic nephropathy
in adults. Indications of a possible glomerular disease
include persistent heavy proteinuria and/or haematuria,
nephritic syndrome, or steroid-resistant nephrotic syndrome
(SRNS). There are currently nearly 100 genes known
to cause monogenic glomerular disease.”® These include
autosomal dominant, autosomal recessive, sex-linked and
mitochondrial genes. Examples include COL4A5, COL4A3,
COL4A4, NPHS2, NPHS1, WT'1, and TRPC6. Monogenic
causes are also known to occur in C3 glomerulopathy.

Other groups of kidney diseases that may have monogenic
causes include cystic conditions (including those with
increased kidney echogenicity), tubulopathies (polyuria
or renal tubular loss of electrolytes, sugar, amino acids, or
other metabolic findings); renal calculi or nephrocalcinosis;
and congenital abnormalities of the kidney and urinary
tract. Collectively, about 500 genes are known to cause
monogenic kidney disorders.”

COMMON GENETIC CAUSES ASSOCIATED
WITH GLOMERULAR AND CHRONIC
KIDNEY DISEASES OF UNKNOWN
AETIOLOGY

In glomerular diseases, the common genetic causes differ
according to age of onset.®” (refer to Figure 1). In those
presenting in the first year of life, NPHSI (nephrin),
NPHS2 (podocin), and WT71I are the most common,
followed by LAMB2 and PLCE]I. In childhood, NPHS2 and
WTT appear to be important. Instead, collagen IV genes
(which cause Alport syndrome) are increasingly recognised
as important causes even in childhood. In adulthood, the
most common causes are the collagen IV genes, followed by
autosomal dominant genes like ZNVF2 and TRPCG6.
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Figure 1: Commonly implicated genes in glomerular
diseases according to the different ages of
presentation, in the absence of obvious extrarenal
manifestations. The relative sizes of the circles
represent the estimated prevalence within the age
group of patients.

<1 year

NPHs2 Wit ELVEPApicE

Mito
1-18 years
TRPCE
NPHS2 :
cotaaz PLCEI INF2ZMito
COL4AS coQsh
COL4AS
Adult
NPHS2
COL4A3
cotaaa  INF2 TRPCE pcTg PAX2ANLN
COL4AS

*Mito = mitochondrial

The prevalence of NPHS2-related glomerular diseases is

markedly lower in Asians with glomerular diseases compared

to their non-Asian counterparts. This is shown by studies in
Pakistan and India (2.6-12 percent),'™" as well as Japan,

Korea, and China (0-3.3 percent),'*” in contrast to 10-
30 percent in sporadic and 43-55 percent in familial cases
among Caucasians and Middle East patients.”**

Genetic kidney disecase may also occur in tubulopathies,
kidney cystic diseases, congenital anomalies of the kidney
and urinary tract, or in CKD of unknown aetiologies.”

DIAGNOSTIC YIELD OF GENETIC TESTING
IN KIDNEY DISEASES

The diagnostic yield from whole exome sequencing (WES)
and panel sequencing for glomerular and, cystic kidney
conditions and CKD of unknown causes range from 14-
79 percent,” with even higher yield in those with positive
family history, consanguinity, and extrarenal manifestations
(refer to Table 1). Of note, there is no difference in
diagnostic yield between adult- and childhood-onset CKD,?
suggesting genetics testing is helpful in both paediatric and
adult services.

Table I: Diagnostic yield from exome and panel
sequencing for selected kidney conditions according
to paediatric or adult onset.

Types of kidney Childhood | Adult Number
conditions according | onset < onset > | of genes
to clinical features |18 yrs 18 yrs
Glomerulopathies and |67% 79% 20
Alport syndrome

Steroid resistant 26% 14% 59
nephrotic syndrome or

FSGS*

Cystic kidney disease | 50% 17% 92
CKD of unknown 30% 40% ~500
cause

Figures are adapted from a review?
*FSGS = focal segmental glomerulosclerosis

In patients with SRNS or primary focal segmental
glomerulosclerosis (FSGS) and risk factors like family
history or extrarenal manifestations, the likelihood of a
genetic cause increases to 60-90 percent.*** In children
with asymptomatic microscopic haematuria and no
albuminuria, about 30 percent may have Alport syndrome.**
In glomerular disease, Alport syndrome is the most common
culpric among children (excluding infants and adules®%”
Among Chinese children with SRNS, Alport syndrome is
present in 2.1-8.4 percent.””*® Additionally, 12.5 percent of
Chinese families with FSGS and 2 percent of those with
sporadic FSGS have heterozygous COL4A3 mutations.*

Among such adults with CKD of “unclear actiology”, 17
percent have monogenic kidney diseases.” The two most
common monogenic causes are Alport syndrome and
autosomal dominant polycystic kidney disease, even though
many of them do not have suggestive clinical features.®

INDICATIONS OF GENETIC TESTING IN
GLOMERULAR KIDNEY DISEASES

Genetic testing is now recommended early in the disease
course in many international guidelines.**® Genetic testing
can be considered in the following:

° A very young onset Of disease

*  Significant family history especially with late stages of
CKD

e Extrarenal manifestations like neurosensory hearing
loss, anterior lenticonus, fleck retinopathy, and skeletal
or neurological anomalies

*  Kidney biopsy shows significant glomerular basement
membrane lamellation or textural changes on electron
microscopy

* SRNS: Absence of initial complete remission to
steroids given at adequate doses and duration
(excluding secondary causes of glomerular diseases like
membranous nephropathy or lupus)
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*  Suboptimal response to calcineurin inhibitors or other
aggressive immunosuppression (with no prior complete
response to isolated steroid therapy)

e Dositive family history for glomerular diseases (that
are not due to secondary causes like lupus, ANCA
vasculitis), haematuria, proteinuria, hearing loss

*  DPersistent haematuria and/or proteinuria with no
apparent secondary causes like hypertension, obesity,
low nephron mass (e.g., ex-prematurity or very low
birth weight, prior nephrectomy)

*  Chronic kidney disease with no apparent cause

IMPORTANCE OF DIAGNOSING GENETIC
KIDNEY DISEASES

A genetic diagnosis is crucial in the clinical management of
genetic kidney diseases, such as:

*  Tailoring of immunosuppressive strategies in glomerular
diseases. Because genetic cases do not respond to
immunosuppression,* international guidelines have
recommended genetic testing be performed in children
with SRNS*+ and adults with familial, syndromic, or
SRNS or FSGS.#*# Without genetic testing, almost
all SRNS adult and paediatric cases receive empirical
potent second- or third-line immunosuppression. These
costly drugs have significant side effects such as severe
opportunistic infections and long-term malignancy.

*  Allow early initiation of anti-proteinuric medications
to delay CKD progression

*  Use of specific management strategies

© In patents with CoQ10 deficiency due to defects
in COQ2, COQ6, and COQ8B genes,"”* oral
administration of CoQ10 in individuals with a
CoQ10 deficiency can lead to significant decrease in
proteinuria,”®! potentially preventing or delaying
CKD progression.>>

°© In polycystic kidney disease, earlier diagnosis
with regular surveillance for proteinuria and
hypertension (using 24-hour ambulatory blood
pressure monitoring) can significantly improve
long term outcomes.”>**

© In Fabry disease, earlier enzyme replacement
therapy or chaperone therapy in genetically-
diagnosed family members can improve not just
kidney, but also neurological and cardiovascular

outcomes.”

* Allow for earlier diagnosis in asymptomatic or
presymptomatic family members, thereby leading to
earlier interventions with larger impacts on long-term
kidney outcomes.

e Allow for more targeted surveillance of extrarenal
conditions like hearing loss

GENETICS IN GLOMERULAR DISEASES AND CHRONIC KIDNEY DISEASE

* Allow selection of the most suitable kidney donor
(when kidney failure develops)

*  Helps patients and families make reproductive decisions

In adules with CKD who had a genetic diagnosis, 73
percent had new clinical insight from the diagnosis. These
included disease confirmation or reclassification, avoidance
of kidney biopsies, new subspecialty referral, change in
treatment, family counselling, and donor selection for
transplantation.“>¢ This was echoed in Australia where the
overall clinical utility of genetic diagnosis was 73 percent.”’

ALPORT SYNDROME IS NOT RARE

The wiad in Alport syndrome is glomerular disease,
neurosensory hearing loss, and classic eye abnormalities,
namely keratoconus and fleck retinopathy.

Depending on the presence of likely pathogenic or
pathogenic variants in an individual and the gene involved
(COL4A3, COL4A4, or COL4A5), it can be autosomal
dominant, autosomal recessive, sex-linked or digenic. The
kidney prognosis differs widely depending on the mode of

inheritance and sex.

Alport syndrome is often misdiagnosed as IgA nephropathy,
SRNS, ESGS or thin membrane disease. Individuals with
Alport syndrome initially have microscopic haematuria.
Children might have recurrent gross haematuria that are
synpharyngitic. This eventually progresses to increasing
proteinuria and worsening kidney function.

The majority of patients with Alport syndrome do not
have extrarenal manifestations such as hearing loss or eye
conditions, or classic glomerular basement membrane
changes.

Alport syndrome is not rare and Alport syndrome is more
common than expected. COL4A5 (likely) pathogenic
variants are predicted to occur in one out of 2,320 in the
United Kingdom population.®® Similarly, (likely) pathogenic
COL4A3 and COL4A4 variants occur in one out of 106 in
the population.®®

THIN MEMBRANE DISEASE OR FAMILIAL
HAEMATURIA IS NOT CONSIDERED BENIGN

People with Alport syndrome develop microhaematuria
in early life and progress to proteinuria and then CKD.
Persistent isolated glomerular haematuria occurs in about
1-4 percent of children and adults in the population. They
are often evaluated extensively with no clear aetiology
found,*** and are presumed to have benign thin membrane
nephropathy. This had been termed as “benign haematuria”
because of the presumed good long-term outcomes.®' Such
patients are often falsely assured and discharged from
follow-up. Recent studies have discovered that many of
such patients have Alport syndrome (COL4A3 and/or
COL4A4).*%* An accurate genetic diagnosis is important
because up to 60 percent develop CKD in later life.*
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DISEASE TRAJECTORY OF ALPORT
SYNDROME

The rate of CKD progression differs largely (refer to
Table 2), and is dependent on the gene involved, type of
pathogenic variant, sex and other contributing factors like
co-existing hypertension and diabetes mellitus.®

Table 2: Likelihood of kidney failure (without early
treatment) in different genetic forms of Alport
syndrome

Type of Alport

syndrome

Likelihood of developing
kidney failure

Males:

60% by 30 years old
90% by 40 years old
100% by 60 years old

Females:

12% by 40 years old
30% by 60 years old
40% by 80 years old

30% by 40 years old
28% by 56 years old

Sex-linked

Autosomal recessive

Autosomal dominant

Females with sex-linked Alport syndrome are not carriers but
they can develop disease. Over 95 percent of these females
have haematuria, 75 percent of them develop proteinuria,
and 20-30 percent of them will experience kidney failure
by age 60 years.* They could also develop hearing loss.
Half of their sons will inherit the disease with more severe
kidney phenotype that will benefit from early detection and
treatment.

IMPORTANCE OF DIAGNOSING ALPORT
SYNDROME EARLY

Landmark trials have established that early initiation
of RAAS blockade can delay CKD progression.”>¢¢¢
Specifically, in male patients with X-linked Alport
syndrome, early initiation of renin-angiotensin-aldosterone
system (RAAS) blockade can delay kidney failure by 12-20
years.®®” The recent EARLY PRO-TECT trial in children
with Alport syndrome suggests early initiation of ramipril at
the microscopic haematuria stage can delay progression to
the next stage by >40 percent.®® Taken together with trials
that established that early anti-proteinuric treatment delays
kidney failure,* this means early RAAS blockade potentially
can delay kidney failure onset by >2 decades in autosomal
recessive or male X-linked Alport patients. Hence, recently
revised recommendations on Alport syndrome suggested
ramipril should be started at genetic diagnosis of X-linked
Alport males or autosomal recessive Alport, even in the
absence of urinary anomalies.®® As RAAS blockade may
have side effects, this early treatment is justifiable only at
genetic diagnosis since biopsy at early stages is inconclusive.

CLINICAL IMPLEMENTATION OF GENETIC
TESTING FOR KIDNEY DISEASES

Genetics testing is hardly performed in Singapore due to of
various hurdles in clinical implementation. These include
high costs, poor accessibility to genetic tests, lack of standard
clinical algorithms, poor genetic literacy, lack of genetic
training among nephrologists, lack of genetic counselling
expertise, and lack of expertise among clinicians in variant
interpretation, especially in dealing with uncertain or
discordant genetic variants.””!

A collaborative effort between nephrologists, geneticists,
molecular scientists, and bioinformaticians is especially
crucial in nephrology genomics clinical implementation
efforts. The problems in clinical implementation are
similarly encountered worldwide. However, many medical
centres have successfully implemented genomics testing
in nephrology though a concerted multi-disciplinary
approach, as summarised by Cirillo et al.”? Common
features of these efforts are multidisciplinary genomics
boards comprising of nephrologists, geneticists, genetic
counsellors, bioinformaticians, and scientists; strong
translational research efforts to decipher unresolved cases
and defined clinical algorithms on selection and referral
criteria.”?

CONCLUSION

Despite the scientific evidence, clinical implementation of
genomics testing is largely non-existent in nephrology clinics
in Singapore and many parts of the world. It is likely that
with more widespread implementation of genetics testing in
kidney diseases, earlier diagnosis with earlier interventions
will become possible, especially among family members. In
the long run, the societal burden of CKD can be decreased.
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LEARNING POINTS

¢ Monogenic causes occur in 30 percent in children and 5-30 percent of adults with CKD.
¢ Alport syndrome and ADPKD are the two most common genetic causes of CKD.
¢ Glomerular diseases are to be suspected when a patient has persistent haematuria and/or proteinuria

that is out of proportion with the stage of CKD.

¢ Genetic testing should be considered in patients with a young age of onset, positive family history
especially of late CKD, presence of extrarenal conditions, and absence of complete steroid response.

e Clinical utility of genetic testing in kidney diseases include more tailored immunosuppressive
strategies, negating the need for kidney biopsies, targeted selection of kidney donors, disease-
specific therapies like coenzyme Q10, and targeted extrarenal surveillance.

¢ Alport syndrome is common in the population.

¢ The kidney prognosis in Alport syndrome differs extensively based on the modes of inheritance.

* Thin membrane disease can be caused by Alport syndrome and the prognosis is not so benign. Up to
30 percent of these patients can develop kidney failure by 60 years old.

e Early treatment of Alport syndrome with RAAS blockade can significantly delay onset of kidney
failure by as much as 20-40 years in males with X-linked Alport syndrome.
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