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Introduction 

According to the influential theory of Thomas Kuhn (1922-
1996) (1), most scientists work constrained by current 
influential paradigm and are devoted to solving small 
problems (‘puzzle-solving’). The dominant paradigm is 
important for the interpretation of the data, but it may blind 
scientists to new phenomena not considered part of the 
paradigm. One example of this theory comes from the field of 
nephrology, where the pivotal renal anomalies in Bardet-
Biedl Syndrome went completely unnoticed for more than 50 
years after the discovery of the syndrome. Tus, the BBS 
syndrome is an example of how an essential clinical element 
may go unnoticed for a long time and is evaluated only after 
a shift in the attention of the scientific community 
(specifically, the introduction of renal biopsy and 
immunofluorescence). 

The Bardet-Biedl Syndrome (BBS) is a rare genetic disorder 
characterized by retinal degeneration, polydactyly, obesity, 
learning disabilities, hypogonadism and renal anomalies. 
Various renal lesions of BBS have been described including (i) 
fetal lobulation (ii) calyceal clubbing, (iii) focal sclerosing 
glomerulonephritis, (iv) interstitial nephritis, and (v) changes 
in the glomerular basement membrane. Polyuria, polydipsia 

and chronic renal failure have been also reported in many 
case reports (2). Although the renal anomalies are today one 
of the primary features of the disease, it took almost 50 years 
after the description of the syndrome for renal 
symptomatology to be included. 

Here we will review the observations that drew the attention 
of Bardet and Biedl to the disease and why the renal features 
were not observed. Afterwards, we will focus on the role that 
the identification of BBS genes played in changing our 
perception of the disease and its renal lesions. A timetable of 
the discoveries is summarized in Table 1. 

 

 

 

 

 

 

 

ABSTRACT 
Various renal lesions of the Bardet-Biedl syndrome (BBS) have been described, including macroscopic and microscopic kidney 

abnormalities, polyuria, polydipsia and chronic renal failure. However, these renal symptoms were completely overlooked for about fifty 

years after the first description of the syndrome. The observation of a familial origin of the syndrome began in 1753, with Maupertuis and 

Réaumur describing hereditary forms of polydactyly. In the early 19th century, Martin mentioned an inherited case of blindness. 

Subsequently, von Graefe (1858) reported on a familial occurrence of both of blindness and deafness. The introduction of the 

ophthalmoscope by von Helmholtz (1851) allowed for the identification of patients with retinal degeneration. Systematically using this 

instrument, Laurence and Moon (1866) were the first to describe a familial case of retinal degeneration combined with obesity and 

cognitive impairment. Due to the influential work of Froehlich, Cushing, and Babinski, attention then shifted to obesity. The syndrome was 

definitively identified by 1920 through Bardet’s observations familial cases of obesity, blindness, polydactyly, and hypogonadism. Biedl in 

1922 observed further cases of the syndrome. In recognition of this history, the disease was named Laurence-Moon-Bardet-Biedl 

Syndrome. The renal anomalies were not described until fifty years later, in 1977. In 1993, the quest for the genes involved in BBS began 

with the isolation of 21 different genes. In 2003 two concepts emerged: the existence of a spectrum of ‘ciliopathies’ and the concept of the 

BBSome. Afterwards, the gene-phenotype relationship was researched using transgenic mice. 
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YEAR DISCOVERIES 

1753 Maupertuis and then Réaumur (1749) describe hereditary polydactyly 

1809 Martin reports the first case of familial progressive blindness in a three-generation family 
(dominant hereditary; Hereditary blindness) 

1858 Albrecht von Graefe first reports familial cases of blindness accompanied by deafness (not 
BBD, but Retinitis pigmentosa), also called von Graefe’s syndrome (cited by Laurence in his 
work)  

1866 Lawrence and Moon describe cases of familial blindness accompanied by obesity, 
hypogonadism, poor cognition, nanism, paraplegia. They view this in the optics of cretinism 
and retinitis pigmentosa. They do not report signs of polydactyly or kidney problems 

1890 Immobile cilia are described. This finding is then forgotten until year 2000. 

1901 Froehlich drives the attention of researchers to hypothalamic/pituitary obesity  

1920  Bardet presents cases of obesity, hexadactyly and retinitis pigmentosa; he does not recognize 
renal anomalies and attributes the syndrome to the pituitary  

1922  Arthur Biedl reports familial cases of polydactyly, retinitis pigmentosa, poor cognition. 
Following the main paradigm of the time, as in the case of Bardet, he believes that the 
syndrome was a dystrophia adiposogenitalis of cerebral origin, but without involvement of 
the pituitary 

1924-1939  Several reviews on the argument appear (cited in (16)): Raab (1924 Wien Arch Inn Med 7, 
443), Reilly and Lisser (1932 Endocrinology 16, 336), Cockayne, Krestin and Sorsby (1935 
Quart J Med 4,93), Streiff and Zeltner (1938, Arch Ophtal, Paris 2, 289) and Sorsby, Avery and 
Cockayne (1939, Quart J Med 8,51), Rony HR (Rony HR. Obesity and Leanness. Philadelphia 
Lea and Febiger; 1940). No mention of the renal involvement. 

1801-1959 New syndromes are described and there is discussion about their similarity or identity with 
BBD (cited in (16)): Biemond’s syndrome (infantilism, coloboma, skeletal abnormalities. 
Biemond A 1934 Ned Tijdschr Geneesk 78, 1801), Cockayne’s syndrome (familial, dwarfism, 
mental deficiency, deafness, retinal atrophy; Cockayne EA, 1936, Arch Dis Childh 11,1), 
Alstrom’s syndrome (retinal degeneration, gynoid obesity, diabetes mellitus, neurogenic 
deafness, hypogonadotropic hypogonadism. 1954, Alstrom CH, Hallgren B, Nilsson LB, 
Asander H. Retinal degeneration combined with obesity, diabetes mellitus and neurogenous 
deafness. Acta Psychiatr Scand. 1959;34(ppl129) 1-35.). It is even discussed the existence of 
the syndrome (Warkanym Frauenberger, Mitchell 1937Amer J Dis Child 53, 455) 

1945 The attention to the syndrome is still on the adipose aspect. Jaso and Curbelo refer to it as 
“monstrous infantile obesity”, and hypothesize a complex pathogenesis with hypopituitarism 
followed by hyperpituitarism (Am J Dis Child. 1945;70(1) 9-18) 

1969 First description of renal involvement in BBD (18) 

1984 Further investigations on renal abnormalities in BBS (20, 30) 

1993 First localization of a BBD gene (now BBS2) on chromosome 16q (31) 

1994 Localization of a BBD gene (now BBS1) on chromosome 11q (32) 

1994-1995 Mapping of other two BBS genes (BBS3-4) (33, 34) 

1995 Bray (16) reports that BBD (autosomal recessive, pigmentary retinopathy, obesity, congenital 
heart disease, nephropathy, hexadactyly, hypogonadism, mental retardation, anal atresia) 
should be considered as a different entity from Laurence-Moon syndrome (autosomal 
recessive, tapetoretinal degeneration, rarely obesity, paraplegia, mental retardation, 
hypogonadism) 

2000 Identification of the first BBS gene, MKKS, based on the similarity between the BBS and the 
McKusick-Kaufman syndrome (MKS) (21) 

2000 Pazour et al drive the attention of scientists again towards the primary cilium in the kidney 
proposing it to be linked to the development of polycystic kidney disease (35) 

2003 First observation that BBS genes are mainly expressed in ciliated cells (36), with subsequent 
proposal that they are responsible for correct functioning of the primary cilium (37) 

2005 Laurence-Moon syndrome is again considered similar to Bardet-Biedl syndrome (38) 

2005 A similitude among BBS, nephronophthisis (NPH), Joubert syndrome (JBTS), and Meckel-
Gruber syndrome (MKS), Astrom syndrome, Oro-facio-digital syndrome is noted 

2006 The term “ciliopathy” is proposed (39) 

2010 Definition of the BBSome, the multiprotein complex of the cilium encoded by BBS genes (40) 

Table 1 Time-table of BBS discoveries 
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HOW THE SYNDROME WAS DISCOVERED 

The identification of BBS required the evolution of the 
following concepts: 1) the existence of hereditary forms of 
blindness and polydactyly, which fostered the search for 
combined hereditary forms of more complex diseases 2) the 
invention of the ophthalmoscope, which allowed scientists to 
identify and classify retinal degeneration and 3) a paradigm-
shift concerning the nature of obesity, which focused 
attention on hereditary forms of obesity (such as BBS), but 
also served as a blinder impeding the identification of other 
features such as kidney failure. 

The observation of a 
familial origin of the 
syndrome began in 
1753, with Maupertuis 
and Réaumur (Figure 1, 
Figure 2) describing 
hereditary polydactyly. 
While polydactyly was 
widely known since 
ancient times, the 
hereditary aspect of the 
malformation gained 
notice in the late 1700s. 
Pierre-Louis Moreau de 
Maupertuis, (born Sept. 
28, 1698, Saint-Malo, 
France—died July 27, 
1759, Basel, Switz.), was 
a mathematician and 
astronomer who 
popularized Newton’s 
theories (3). 

 

In Système de la nature 
ou Essai sur les corps 
organisés (1751) he 
studied the 
transmission of 
polydactyly in four 
generations of a Berlin 
family, providing the 
first report of the trait 
as hereditary (4). Renè-
Antoine Ferchault de 
Réaumur (1683-1757), 
the famous French 
scientist who gave his 

name to the 
temperature scale, is 
reported by Huxley 
(1894-1963) (5) to have 
analyzed data from 

three families (named Kelleia) from Malta with hereditary 
polydactyly. Similar to polydactyly, progressive blindness was 
also known since ancient times; however, the possibility of a 
hereditary form of blindness was first noted in the early 19th 
century by Martin. He reported, in the Baltimore Medical and 
Physical Recorder (1809), on the Lecomptes, a Maryland 
family of French origin whose members suffered progressive 
blindness (5). While none of these authors were describing 
actual cases of BBS, their work did refocus subsequent 
researchers on hereditary forms of polydactyly and blindness. 

Indeed, soon after, Albrecht von Graefe (1828-1870) (6) and 
thereafter Liebreich first reported a hereditary combination 
of blindness and deafness in cases of what would be called 

retinitis pigmentosa, 
furthering the concept of 
combined forms of 
hereditary traits, and 
these observations are, in 
fact, cited by Laurence 
and Moon in their work 
(see below). Another 
essential discovery that 
must be acknowledged for 
the history of BBS was the 
invention of the 
ophthalmoscope in 1851 
by Hermann von 
Helmholtz (1821-1894), 

which allowed the 
observation of the retina 
and hence the definition of 
retinitis pigmentosa (Figure 
3).  

 
The use of the new device, 
the ophthalmoscope, was 
hence promoted in 
England by John Zachariah 
Laurence (1829-1870), a 
surgeon and 
ophthalmologist at the 
ophthalmologic hospital in 
Southwark   (Figure 4). In 
1866, together with his 
colleague Robert Charles 
Moon (1844-1914) (Figure 
5), a house surgeon at the 
same hospital (who then 
moved in Philadelphia), 
they were the first to 
describe, using the  
ophthalmoscope, a 

familial case of combined retinal degeneration, obesity, and 
cognitive impairment (7). 
 

In the first years of the 
20

th
 century, medical 

attention shifted to 
hypothalamic forms of 
obesity - hypogonadism 
thanks to the work of a 
neurologist, Joseph 
Babinski (1857-1932), a 
pharmacologist, Alfred 
Fröhlich (1871-1953) (8) 
and a neurosurgeon, 
Harvey Cushing (1869-
1939) (9). Again, in the 
history of science, we 
see how important 
advances in one field 
may come through 
collaborations with 
other fields, and how 
this chance partnership 
was a necessary step in 
fully defining BBS. 
Fröhlich’s strong 

influence is visible when the first report of a BBS case was 
attributed to a pituitary malfunction. 
 

Figure 1 - Pivotal steps in the definition 
of the Bardet-Biedl-Moon syndrome. 
Pierre Louis Moreau de Maupertuis The 
image is from “The Royal Prussian 
Academy of Science and the Fine Arts. 
Berlin”. By Edward F. Williams, Chicago, 
Ill. p 527, Appeared in “The Popular 
Science Monthly”, Edited by J.McKeen 
Cattell, The Science Press 1903 (image 
available under public domain). 

Figure 2 - René-Antoine Ferchault de 
Réaumur. The image is taken from 
“Galerie des naturalists” by J. Pizzetta, 
Ed. Hennuyer, 1893, p. 137 (available 
under public domain). 

Figure 3  - Hermann von 
Helmholtz. The image is taken 
from Practical Physics, 1914, Ed. 
Macmillan and Co. (available 
under public domain) 

Figure 4  - John Z Laurence. The 
figure is taken with permission from 
(44). 

Figure 5 - Arthur Biedl. The figure 
is taken from Wiener Medizinische 
Wochenschrift, 1933 38:1079 
(available under public domain). 
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Figure 6 - Robert Charles Moon 
(1845- 1914), courtesy of prof. 
P.Beales, Univ. College London. 
Image available through creative-
commons licence. 

Around this period a certain number of observations of 
obesity, polydactyly and retinitis pigmentosa are reported by 
several authors: in 1887 Ferdinand-Jean Darier (1856-1938) 
reports the association of retinitis pigmentosa and 
polydactyly (10). In 1989 Elie von Cyon (also known as de 
Cyon, 1843-1912) presents the case of a 12-year old boy with 
obesity, growth and mental retardation, and hereditary 
polydactyly (11). In 1898 Ed Fournier reports retinitis 
pigmentosa and syndactyly (12). In 1913 Rozabel Farnes 
reports adipose-genital syndrome with polydactyly (13). In 
1914 an Italian radiologist working in Naples, Mario Bertolotti 
(1876-1957) presented the case of Marguerite Catt, 39 years 
old, with polydactyly, mental retardation, obesity, retinitis 
pigmentosa, and hypogonadism (14). In 1918 J Madigan and 
Thomas Verner Moore (1877-1969) described a case of 
mental retardation, obesity, hypogonadism, retinitis 
pigmentosa, and tapering toes (15). 

Finally, in 1920 a French medical student, George Louise 
Bardet (1885-1966), in his medical degree thesis, collected all 
these cases and his own observation of a familial case of 
obesity, hexadactyly, retinitis pigmentosa and hypogonadism 
and proposed the existence of a triad (13). He discussed this 
finding using the current paradigm of 
hypophyseal/hypothalamic obesity: “Two congenital 
malformations (hexadactyly and retinitis pigmentosa) in a 
child who became obese from birth. What is the gland which 
can be incriminated? (…) We believe this case must be 
attached to a very special clinical variety of hypophysis 
obesity”. Bardet’s triad (obesity, polydactyly, retinitis 
pigmentosa) gained success after the father of modern 
endocrinology, Arthur Biedl (1869-1933), in 1922 observed 
further cases of the syndrome. Biedl named the syndrome 
adipose-genital dystrophy and thought it was of cerebral 
origin, in line with the paradigms of that period (Figure 6).  

In recognition of this 
history, the disease was 
named Laurence-Moon-
Bardet-Biedl Syndrome. 
Later, thanks to the work 
of Ammann in 1970 and 
Schachat and Maumenee 
in 1982, Laurence-Moon 
and Bardet-Biedl 
Syndromes came to be 
considered two different 
entities and possibly part 
of the same disease 
spectrum. In the first half 
of 1900, BBS was 
officially defined, but 
none of these authors 
noticed abnormalities in 
kidney function, which is 
today acknowledged as 
an important signature 
of the syndrome. 

Why then were the renal features of the syndrome missed for 
almost 50 years? It is tempting to see this as an example of 
Kuhn’s hypothesis that scientists work on ‘puzzle-solving’ 
within an influential paradigm. The paradigm of that period 
was hypothalamic obesity, whereas kidney failure was not 
considered. Scientists observing new cases of BBS focused on 
obesity and dismissed other possible features of the disease. 

It is intriguing that, even in 1995, in the excellent editorial by 
George Bray (born 1931) on the syndrome in Obesity 
Research, kidney dysfunction is completely ignored by the 

author (16). 

 

THE RENAL LESIONS BEFORE BBS GENES 

Awareness of the renal involvement in BBS starts in the late 
1960s with the work of McLoughlin and Shanklin (17), Nadjmi 
(18), Hurley (19) and Falkner (20). McLoughlin and Shanklin 
(17), Nadjmi et al. (18) first reviewed necropsies of BBS from 
the literature and found a high incidence of 
renal/genitourinary malformations; Nadjmi further observed 
that most of cases reported in the literature since 1940 died 
for uremia and therefore renal failure was a major cause of 
early death in BBS patients. According to Nadjmi, the first 
autopsy reporting a BBS subject passed due to uremia was by 
Radner in 1940 (Acta Med Scand 105:141); however, 
genitourinary tract malformations were already observed 
since 1938 by Griffiths (J Neurol Psychiat 1:1-6), and Riggs 
(Arch Neurol Psychiat 39:1041). It is possible that the 
systematic renal involvement in BBS was missed before 
because the histologic classification of kidney diseases 
reached its maturity only when kidney biopsy and the kidney 
immunofluorescence have been available around 1950, thus 
driving attention to this organ. 

The diffusion of the technique of percutaneous kidney biopsy 
by Nils Alwall (1904-1986) allowed Hurley et al (19) to first 
report histological data from a series of nine BBS children 
(Figure 7 A-B). The results were quite variable, from 
mesangial proliferation to sclerosis, cystic dilatation of the 
tubules, cortical and medullary cysts, periglomerular and 
interstitial fibrosis, chronic inflammation. 

 
Figure 7 - First histologic descriptions of BBS. A-B image taken, with 
permission, from Hurley (1975), C: image taken from Falkner (1977), 
with permission. 
 

Falkner et al. (20) found in a 24-month old child with BBS 
right sided vesical-ureteral reflux, cystocele, urinary tract 
infections, growth arrest of the right kidney. They also 
confirm the mesangial hypercellularity by percutaneous 
biopsy (Figure 7C). 

In 1990 the incidence of renal abnormalities in BBS was finally 
determined to be very high: up to 90% of the patients, and 
therefore become a new signature of the syndrome, more 
than 50 years from its initial definition (2). In the meanwhile, 
the spectrum of renal abnormalities was stably defined as: 

Functional: polyuria, polydipsia, aminoaciduria, reduction of 
maximum concentrating capacity, chronic renal failure, 
hypertension; 

Macroscopic: fetal lobulation, cystic dysplasia and calyceal 
cysts, small kidneys, calyceal clubbing or blunting; 

Microscopic: swelling of endothelial cells, tubular and 
interstitial nephritis with glomerulosclerosis. 

In conclusion, we believe that the attention to the 
nephrological character of the BBS was finally reached only 
when (i) technical advancements were available (that is the 
invention of the percutaneous biopsy) and (ii) when a general 
attention of the medical entourage was driven towards the 
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kidney function: we should remind that in 1943 Willem Johan 
Kolff (1911 – 2009) first built a dialyzer machine, further 
developed by Nils Alwall. At the end of 60’ nephrology was a 
mature science and the greater awareness towards uremia 
led to a revision of syndromic diseases. 

However, the condition remained largely unclear even after 
the discovery of the renal abnormalities: major advances in a 
new behind the complex trait was the discovery of the gene 
defects causing BBS. 

  

THE RENAL LESIONS AFTER BBS GENES 

The quest for the genes occurred in two phases: from 1993 to 
2000 a genetic mapping was pursued, with the identification 
of several DNA loci involved in the disease. In 2000 the 
identification of the first BBS gene (now they number 21), 
MKKS, based on the similarity between the BBS and the 
McKusick-Kaufman syndrome (MKS), occurred (21). In 2003 
Ansley et al demonstrated that mammalian BBS8 gene was 
restricted to ciliated cells (21). This finding raised the 
hypothesis that BBS proteins play a role in cilia function. 
Meanwhile, other genes of the same family were found to 
cause BBS, with at least 17 different genes implicated up to 
now. 

The field was quite mature at the time because a second, 
more common condition, was already found to involve cilia: 
the polycystic kidney disease (PKD). This is also a hereditary 
condition and followed almost the same path of BBS 
(anatomical period-genetic period-functional period), which 
ultimately led to the paradigm of the involvement of cilia 
dysfunction in the genesis of the disease. 

It should be stressed that, again, the major advancement in 
the paradigm did not come directly from the studies on the 
disease, but from studies on flagellated protozoa: it was a 

genetic study on immobile forms of these protozoa which led 
to the identification of this gene. When the same was found 
to be involved in PKD and then in other diseases such as BBS, 
it was almost immediate the formation of a new paradigm of 
‘ciliopathies’. All genes involved in these genetic diseases and 
in the cilium were then functionally grouped in a multiprotein 
complex called BBSome. 

After the period of discovery of BBS genes and the 
construction of the concept of the BBSome, some new 
insights in the renal pathology of BBS have been addressed. 
First, the gene-phenotype relationship has been studied in 
much detail, with a categorization of mutations leading to 
various associations of the visual, metabolic and kidney 
phenotypes (23, 24). Second, a number of transgenic mice 
are now available for testing of pathogenic hypotheses and 
new pharmacological approaches. Risk factors for the 
development of the renal disease have been studied in large 
cohorts (22 – 24), and the usefulness of renal transplantation 
has been demonstrated in a separate study (25, 26). A 
contribution for low protein diet in the preservation of renal 
function in BBS has also been reported (27). Finally, a study 
from one of us (28, 29) showed combined impaired water 
handling in BBS. 

These functional changes in BBS kidney might be mediated, 
at least in part, by mistrafficking of apical membrane 
proteins, leading to tubular dysfunction (41). In turn, this 
might be related to the renal hyposthenuria in BBS, that has 
been recognized as the most common renal dysfunction in 
the absence of renal insufficiency (42, 43). 
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