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ABSTRACT

Background: Bardet-Biedl Syndrome (BBS) is a rare autosomal ciliopathy disorder caused by mutations in genes encoding the
proteins localized in primary cilia or basal body complex resulting in derangement of functions of various systemic organs
containing cilia. The syndrome is characterized by classic phenotype features. Renal failure is a major cause of morbidity and
mortality in these patients and early detection offers disease management benefit.

Case Presentation: We report for the first time in India, a case of BBS in advanced renal failure chronic kidney disease due
to mutation in BBS12 gene, confirmed by next-generation sequencing. We also present clinical data, molecular genetics, and

treatment of BBS.

Conclusion: Early diagnosis will help in the management of renal failure, thereby progression of the disease may be retarded.
Further genetic mutations in all BBS genes can be studied by routine genotyping of all patients and followed up clinically.
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Background

Bardet-Biedl Syndrome (BBS) is a genetically heterogene-
ous disease characterized by rod cone (retinal) dystrophy,
central obesity, post-axial polydactyly, learning difficul-
ties, hypogonadism, and renal disease with several minor
features including developmental delay, speech abnormal-
ities, brachydactyly, and dental anomalies [1-6]. BBS is
a rare disease with a reported prevalence of 1:100,000 in
North America and 1:160,000 in Europe [7]. The prev-
alence in consanguineous Arab populations is 1:65,000
and that in isolated inbred population of Newfoundland is
1:18,000 [5,8,9], whereas the prevalence in Indian popu-
lation is unknown. Rod cone dystrophy and blindness are
universal features of this disease. Renal disease is seen
in 53%-82% of the patients whereas around 8% develop
chronic kidney disease stage 5 (CKD G5). Though some
patients develop CKD GS5 in early childhood, several of
them develop at a later stage in life [8]. Very few cases of
patients with BBS in advanced kidney failure are reported
from India [10,11]. In none of these patients, genomic
sequencing was done to identify the abnormal gene. In
the only cohort study from India where 30 families of
BBS with genomic sequencing were reported, none of the
patients had any renal involvement [2]. Molecular con-
firmation of BBS has evolved over the last decade from
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targeted sequencing to next-generation sequencing (NGS)
gene panels containing known BBS genes. The frequency
at which molecular confirmation is achieved has increased
to 40%-80% [8]. We report for the first time in India, a
case of BBS in end stage renal failure where next gener-
ation sequencing revealed mutation in the BBS 12 gene.

Case Presentation

A 20-year-old male was brought to us by his parents for
the treatment of chronic kidney disease. He was the prod-
uct of consanguineous marriage and has a healthy female
sibling. Milestones of development were delayed, and he
was a school drop out after 1st grade.

He was noticed to have nocturia and polyuria since child-
hood and he developed night blindness when he was
around 4 years old. He had severe bilateral visual loss by
age 10, and he was diagnosed to have retinitis pigmentosa
(Figure 1). However, no further evaluation was done at this
stage. He developed azotemic symptoms and edema of the
legs 1 year ago when he was seen by two nephrologists.
His serum creatinine was 353.6 pmol/l and was diagnosed
to have hypertension and CKD. Neither the ophthalmol-
ogist nor the nephrologists identified the syndrome. He
was on conservative therapy since then. He came to us as
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Figure 1. Clinical features of Bardet-Biedl syndrome patient. (A) Bilateral visual loss. (B) Retinitis pigmentosa.

(C) Brachydactyly. (D) Edema of the limbs.

his renal functions deteriorated. On examination, he was
obese with a body mass index of 34 kg/m? and a waist-hip
ratio of 1:1.02. He had bilateral pitting edema and pallor.
There was bilateral gynecomastia. He had brachydactyly
of all fingers and toes and clinodactyly of both 5th fin-
gers. Blood pressure was 150/100. Cardiovascular, res-
piratory and abdominal examination was unremarkable.
Examination of genitalia revealed well-formed scrotum,
buried penis, and bilateral testicular volume of 10-12
ml. Vision was restricted to perception of light in both
the eyes. Laboratory investigations revealed hemoglobin
of 5.83 mmol/l, normal CBC (Complete Blood Counts),
serum creatinine was 618.8 umol/l. urea 49.91 mmol/l,
albumin 38 g/l, sodium 140 mmol/l, potassium 4.4
mmol/l, calcium 2.45 mmol/l, phosphate 2.2 mmol/l, and
alkaline phosphatase 220 U/1. Blood glucose, lipid profile,
and liver function tests were normal. His TSH (Thyroid
Stimulating Hormone) was 4.0 uIU/ml, FSH (Follicular
Stimulating Hormone) 4.3 minutes/ml, LH (Luteinizing
Hormone) 3 minutes/ml, and Testosterone 6.969 mmol/l.
Chest X-ray, EKG (Electrocardiogram), and cardiac echo
were normal. Audiometry was normal. USG (Ultrasound
Sonogram) and plain CT (Computerized Tomography)
abdomen revealed bilateral small grade 3 echogenic
kidneys and other organs were normal. Micturating cys-
tourethrogram was normal. Fundoscopy revealed retinitis
pigmentosa in both eyes. Basing on clinical criteria and
investigations, a diagnosis of BBS with CKD G5 and
hypogonadism was made. Informed consent was obtained
from the patient. The case was evaluated for pathogenic
gene variations by NGS at Medgenome, India.
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A homozygous nonsense variation in exon 3 of BBS12 gene
was detected, thereby confirming the genotype (Figure 2).
Genetic test results are reported based on the recommen-
dations of American College of Medical Genetics [12]. A
homozygous nonsense variation in exon 3 of the BBS12
gene (chr4:g.123663276C>T; Depth: 134x) that results in a
stop codon and premature truncation of the protein at codon
77 (p.GIn77Ter; ENST00000542236.1) was detected
(Figure 2). The p.GIn77Ter variant has not been reported
in the 1,000 genomes database and has a minor allele fre-
quency 0f 0.001% and 0.003% in the EXAC and our internal
databases, respectively. The reference codon is conserved
across species. Coverage of BBS panel genes was given in
Figure 2B. Diagnostic features were given in Figure 2C.
The patient was started on antihypertensives, iron, calcium,
and vitamin D supplementation and was explained about
the need for renal replacement therapy. He will be started
on maintenance Hemodialysis now.

Discussion

Bardet [13] and Biedl [14] independently described
patients with retinitis pigmentosa, central obesity, renal
disease, polydactyly, learning difficulties, and hypog-
onadism, and the syndrome is known after them as BBS.
It is an autosomal recessive disease with wide spectrum
of clinical features. Though several cohorts of patients
were reviewed earlier, most comprehensive survey of a
large population of 109 patients with BBS was done by
Beales et al. [1]. Based on this study, diagnostic criteria
were proposed to facilitate early diagnosis. Four primary
or three primary and two secondary features are required
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(A).
Gene (Transcript) # Location Variant Zygosity Disease (OMIM) |Inheritance] Classification
BBS12 (+)
¢.229C>T Bardet-Bied! Autosomal .
(ENST00000542236.1) Exon3 Homozygous ) Pathogenic
(p.GIn77Ter) syndrome-12 recessive
(B).
Gene Percenfage of Cere Percenfage of Gene Percent.age of
coding coding Coding
ARLG 100 BBIP1 100 BBS1 100
BBS10 100 BBS12 100 BBS2 100
BBS4 100 BBSS5 100 BBS7 100
BBS9 100 CCDC28B 100 CEP164 100
CEP19 100 CEP290 100 FBN3 100
IFT27 100 IFT74 100 LZTFL1 100
MKKS 100 MKS1 100 SDCCAG8 100
TMEMG67 100 TRIM32 100 TTC8 100
WDPCP 98.21
(C). Diagnostic Features
Primary Features Frequency
Rod-Cone Dystrophy 93%
Polydactyly 63-81%
All Four Limbs 21%
Upper Limbs Only 9%
Lower Limbs Only 21%
Obesity 72-91%
Genital Anomalies 59-98%
Renal Anomalies 53%
Learning Difficulties 61%
Secondary Features
Speech Delay 54-81%
Developmental Delay 50-91%
Diabetes mellitus 6-48%
Dental Anomalies 51%
Congenital Heart Disease 7%
Brachydactyl / syndactyl 46-100% / 8-95%
Ataxia / poor coordination | 40-86%
Anosmia /Hyposmia 60%

Figure 2. Genomic and diagnostic features of Bardet-Biedl syndrome patient. (A) Mutation in exon 3 of BBS12 gene of the patient con-
firmed by next-generation sequencing. (B) Coverage of BBS panel genes during next-generation sequencing. (C) Diagnostic features
of Bardet-Bied| syndrome. At least three major and two minor features are required to make a clinical diagnosis [7].

for diagnosis of BBS. Clinical evaluation in infancy is dif-
ficult as not all manifestations are congenital, and many
appear later in childhood.

Very few cases of BBS in end stage renal disease have
been reported from India [10,11]. In all these reports, the
diagnosis was based on clinical criteria and in none of the
patients, genetic studies were done to establish the BBS
gene or the mutations.

Diagnosis of the disease was delayed in our patient because
of lack of awareness and rarity of the syndrome. The
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presence of rod cone dystrophy leading to night blindness
from early childhood and total blindness by second decade
is an important diagnostic feature and has a prevalence of
90%-100% [4,8]. When compared with hereditary retinitis
pigmentosa visual impairment in BBS is consistently early
in onset. Our patient had retinal dystrophy early in child-
hood and this should have prompted the ophthalmologist
to suspect BBS (Figure 1). Other ocular features include
myopia, strabismus and cataracts. Central obesity is seen
in 70%-95% of patients [1]. Defects in hypothalamic
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leptin-melanocortin axis cause leptin resistance culminat-
ing in obesity [8]. Post axial polydactyly was seen in 69%
and limb defects like brachydactyly and sandal gap in 46%.
Absence of polydactyly doesn’t rule out the possibility of
the disease and interestingly our patient had no polydactyly,
but he had other limb abnormalities (Figure 1). Renal failure
is a major cause of morbidity and mortality in BBS patients
[15]. Various structural abnormalities like parenchymal
cysts, vesico-ureteric reflux, ectopic kidneys, and hypoplas-
tic kidneys have been described in up to 46% of patients [1].
Either structural or functional abnormalities of kidney were
described in all patients in some case series [15], whereas in
other series, only 82% had some form of renal involvement
[16] But these abnormalities may not always lead to renal
insufficiency. Renal insufficiency is noted in 5%-25% and
CKD GS in 4%-8% patients. Molecular mechanistic path-
ways leading to renal disease are not clear. Aberrant mTOR
(mammalian target of rapamycin) signaling may contribute
to cystic kidneys and renal failure later. Polyuria and noc-
turia in childhood and bilateral minute renal calculi, minimal
proteinuria, and small kidneys in our patient are suggestive
of chronic interstitial nephritis as a cause of renal failure.
Diabetes, hypertension, and metabolic syndrome, the com-
mon secondary features of the syndrome, will lead to rapid
deterioration of renal function.

BBS occurs as result of defect in BBS genes that code
for ciliary proteins. The BBS proteins form a complex
called BBS complex leading to ciliary dysgenesis and
dysfunction.

In the last two decades, 21 BBS genes (BBS1 to BBS21)
have been identified [8]. Mutations in genes BBS 1-18
account for about 70%-80% cases [ 10]. Frequent mutations
in BBS1 and BBS 10 genes were reported in European
descents contributing to 40%-50% cases [17]. In contrast,
in Asian population, a novel, different spectrum of muta-
tion in BBS 3 and 9 genes was observed [17]. Unlike in
Europeans, BBS1 and BBS10 mutations account for only
7% and 10% cases, respectively, in Indian population [2].
BBS10 gene mutations clustered in exon 2 of the gene
suggesting the exon as a probable hotspot for mutations
in Indian population [18]. BBS-12 (OMIM#615989) is
caused by homozygous or compound heterozygous muta-
tions in the BBS12 gene (OMIM*610683). This disorder
is primarily characterized by rod-cone dystrophy, poly-
dactyly, obesity, learning disabilities and renal anomalies.
Our BBS patient is unique as he presented with CKD
G5 and has mutation in BBS 12, such case is hither to
unknown from India. Robust genomic analysis techniques
available now, will provide prenatal and early diagnosis of
BBS, so that major delay in diagnosis, as happened in our
patient, can be avoided.

Management
Management of the disease is mostly by supportive ther-
apy. Early detection is the key for correcting several
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problems. Speech therapy and training in special schools
for blind will help in the rehabilitation of these children.
Diet, exercise, and bariatric surgery may prevent prob-
lems like diabetes, hypertension, and metabolic syn-
drome. Progression of renal disease can also be retarded
by prevention of these secondary features. When patients
progress to CKD G5, renal replacement therapy is the
option. Hemodialysis, CAPD (Continuous Ambulatory
Peritoneal Dialysis), and kidney transplantation have been
tried successfully in BBS syndrome. Appropriate genetic
counselling of families and regular medical follow up of
the affected children by a group of specialists will help in
effective management of the disease.

Conclusion

We have presented a patient with classic phenotype of
BBS in end stage kidney failure. Determination of gene
BBS12 led us to confirm the syndrome in spite of some
atypical features; our patient had brachydactyly but pri-
mary feature of BBS, postaxial polydactyly was absent.
Genetic studies early in life help us diagnose the condi-
tion even in those with one or two major features. Early
diagnosis will help in the management of serious compli-
cations like renal failure, thereby progression of the dis-
ease can be retarded. Lack of awareness and rarity of the
disease clearly delay the diagnosis of the syndrome. More
genotype-phenotype associations can be made out by rou-
tine genotyping of all patients suspected to have BBS by
standard criteria. We propose that all patients of BBS be
genotyped carly and stratified according to genotype and
followed up clinically. Genetic analysis will be useful in
pre-marital counseling in close family members and con-
sanguineous marriages.
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CKD Chronic Kidney Disease
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