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Sudden acquired retinal
degeneration syndrome may

be an acquired primary ciliopathy,
phenotypically similar to human
Alstrom and Bardet-Biedl
syndromes

Steven Toler'*, Kenneth Abrams? and Daniel Ward?

IClinPharmTox, LLC, Houston, TX, United States, ?Veterinary Ophthalmology Services, North
Kingstown, RI, United States, *College of Veterinary Medicine, University of Tennessee, Knoxville, TN,
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Sudden acquired retinal degeneration syndrome (SARDS) is an acquired canine
disease that presents as rapidly progressive retinal degeneration, often accompanied
by polyphagia, weight gain, polydipsia, polyuria, and hyposmia. Alstrém syndrome
(AS) and Bardet-Bied| syndrome (BBS) are rare human autosomal recessive genetic
disorders marked by progressive retinopathy, polyphagia, obesity, polydipsia, polyuria,
and hyposmia, with varying degrees of phenotypic severity. While the etiology of AS and
BBS is partially understood, the cause of acquired SARDS remains elusive. Historically,
scientific inquiry has focused on an immunologic insult and/or endocrinopathy as
the cause of SARDS. Clinicians have often pointed to these Cushingoid symptoms
mentioned above in SARDS patients as evidence of a contributing endocrinopathy.
However, systemic cortisol concentrations, both pre- and post-ACTH stimulation,
typically do not differ appreciably between normal patients and those with SARDS.
Blindness due to photoreceptor degeneration, along with the observed Cushingoid
symptoms, may result from dysfunctional or absent primary cilia, as documented
in human AS and BBS cases. Recognizing SARDS as a possible acquired ciliopathy
may be the first step toward seeking effective treatments.
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1 Introduction

Sudden acquired retinal degeneration syndrome (SARDS) is an acquired canine disease
that presents as rapidly progressive retinal degeneration, often accompanied by polyphagia,
weight gain, polydipsia, polyuria, and hyposmia (1, 2).

Alstrom syndrome (AS) and Bardet-Biedl syndrome (BBS) are rare human autosomal
recessive genetic disorders marked by progressive retinopathy, obesity, polyuria, and hyposmia,
with varying degrees of phenotypic severity (3, 4). While these two maladies exhibit many
similarities, they are separate diseases with a common cause. AS is caused exclusively by a known
defect in the ALMSI gene, which encodes a protein involved in the formation and maintenance
of primary (non-motile) cilia. BBS results from dysfunctions in over 20 genes, primarily
involving those related to cilia development and maintenance, such as ALMSI and BBS! through
BBS20 (3, 5). Primary cilia are microtubule-based organelles that detect and relay extracellular
signals, permitting sensory cells to “translate” or allow adjustments to environmental conditions.
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Ciliated cells play a vital role in vision, appetite, renal function,
and olfaction (Figure 1). The clinical presentation of SARDS appears
to closely resemble that of BBS and AS, syndromes known to be caused
by ciliopathies. Visual and systemic symptoms associated with AS,
BBS, and SARDS are not reversible and persist indefinitely (6, 7).
Therefore, the congruence of target organ pathology, neurosensory
deficits, and persistent clinical course noted in BBS, AS, and SARDS
suggests that SARDS may also result from ciliary dysfunction.

1.1 Vision

Photoreceptor outer segments are specialized primary cilia. Like
both AS and BBS, SARDS is marked by photoreceptor degeneration.
Alterations in genes encoding structural ciliary proteins have been
implicated in retinal degeneration noted in BBS and AS, as well as in the
systemic pathologies associated with these syndromes. Functional loss
of the BBS8 gene (TTC8 protein) has been identified in Golden
Retrievers with progressive retinal atrophy (PRA), concurrent with
systemic symptoms such as weight gain and renal dysfunction, as well
as a subjective assessment of anosmia (8). The expression of functional
TTC8 is essential for the development of photoreceptor outer segments
and for olfaction (9, 10). Furthermore, BBS2 and BBS4 genetic defects
have been demonstrated in Shetland Sheepdogs and Hungarian Puli
with PRA, respectively (11, 12). Both genetic defects yield a syndromic
phenotype similar to those noted in human genetic ciliopathies,
including retinopathy, polyphagia, weight gain, and renal dysfunction
(3,4, 11, 12). Interestingly, these heritable genetic defects associated with
the ciliary BBSome protein complex do not always manifest early in
canines compared to humans (8, 11, 12). While the authors acknowledge
that PRA is a disease of retinal atrophy distinct from SARDS, we find it
interesting that primary ciliary disorders have been implicated in canine
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retinal disease and hypothesize that an acquired ciliopathy in patients
with SARDS could yield a phenotype similar to those observed with
genetic defects. Ocular computed tomography (OCT) reveals similar
findings in patients with BBS, AS, and SARDS, including disorganization/
loss of photoreceptor outer segments and a blurred ellipsoid zone (13,
14). ERGs in patients with BBS and AS show greatly reduced amplitudes
that often extinguish with time, while those in patients with SARDS are
completely extinguished, by definition of the disease (2, 10). Vision loss
associated with BBS and AS progresses at a moderate pace, with most
patients becoming legally blind in the second decade of life (15, 16).
Blindness in patients with SARDS occurs more rapidly, often within days
or weeks, consistent with an acquired triggering event (2).

1.2 Appetite and hunger

Neurons associated with the regulation of appetite are primary
ciliated cells, regulating hunger by binding adipocyte-released leptin to
the requisite receptor associated with primary cilia. If these neuronal
cilia are inhibited or lost, there is no feedback to the satiety centers
from leptin signaling in the fed state, resulting in continuous feeding
behavior. AS, BBS, and SARDS are marked by polyphagia with
resultant weight gain (2-4). Patients with BBS and AS often have
elevated plasma leptin concentrations due to the lack of feedback
inhibition (17).
measurements taken in any patients with SARDS reported to date—

However, the authors are unaware of leptin

such an evaluation could prove essential in understanding this
syndrome. Polyphagia and obesity in AS and BBS can be treated by
signal augmentation using setmelanotide (IMCIVREE™), which acts
downstream of leptin binding. Administration of setmelanotide allows
an exogenously administered ligand to bind to MCA4R receptors located
on secondary neurons (18). Reduction of weight gain in newly

FIGURE 1
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Ciliated neurosensory cells associated with clinical symptoms in BBS, AS, and SARDS [Adapted from Jurisch-Yaksi et al. (33)].
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diagnosed patients with SARDS using setmelanotide could provide
valuable insights not only into the pathogenesis of weight gain but also
the cause of retinal degeneration. Weight loss in patients with SARDS
following the use of setmelanotide would support the notion that this
syndrome results from a systemic ciliopathy. Although GLP-1 agonists
would likely treat polyphagia by prolonging gastric emptying time in
both canine and human conditions of ciliopathy, such non-specific
effects would not provide mechanistic insights into the cause of this
syndrome (19).

1.3 Polyuria

The sensory function of the renal tubular primary cilium was
described in Madine-Darby canine kidney (MDCK) cells over two
decades ago (20). The state of fluid flow and osmolality in the tubular
system in the kidney are assessed by primary cilia that project into the
lumen of the tubule. Mechanical forces and electrolyte concentrations
within the tubular lumen are surveyed by cilia, leading to adjustments in
kidney function. In the Tg737 hypomorphic mutant mouse model, renal
cilia are significantly shorter, and these animals are unable to concentrate
urine (21). This phenotype is consistent with the shortened and
dysfunctional primary cilia noted in patients with BBS and AS and their
associated polyuria and impaired ability to concentrate urine. Patients
with SARDS often exhibit polyuria with a low urine specific gravity,
similar to that observed in patients with BBS and AS (2, 22, 23). Structural
and biochemical evaluation of renal cilia in patients with SARDS may
provide additional mechanistic insights into the cause of this syndrome.

1.4 Olfaction

Cilia associated with olfaction do not contain dynein and are,
therefore, considered non-motile. Dogs with SARDS have a significantly
diminished sense of smell compared to sighted or non-SARD blind dogs
(1). In one study, using eugenol as an olfactory stimulant, the mean
concentrations required to reach the sensory threshold were 0.017 g/mL,
1.70 x 107" g/mL, and 4.26 x 107" g/mL in dogs with SARDS, sighted
dogs, and blind/non-SARDS dogs, respectively (1). Furthermore,
genetic ablation of the BBS8 gene in mice yields a profound loss of
olfactory neurosensory cilia and a diminished sense of smell with
systemic symptoms of retinal degeneration, obesity, and renal
dysfunction (9). These genetic manipulations in mice may provide
mechanistic insights into the loss of olfactory function observed
clinically in dogs diagnosed with SARDS (1).

Patients with AS and BBS often have deficient olfaction (24).

2 Discussion

SARDS often presents with rapid loss of vision (days to weeks),
associated weight gain, polyphagia, and often polyuria (2). Objective
ophthalmic assessments include sluggish pupillary response to white
light, no pupil response to red light, and a relatively normal response
to blue light (2). A final diagnosis of SARDS is generally made based
on the findings of an extinguished ERG (2). There are no specific or
definitive clinical chemistries that can confirm a SARDS diagnosis.

The primary etiology of SARDS remains elusive. Historically,
scientific inquiry has focused on an immunologic insult and/or
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endocrinopathy as the pathognomonic basis for SARDS. However,
efforts to treat SARDS with immunosuppressants or modulators, such as
corticosteroids, leflunomide, or IVIg, have been unsuccessful (2).
Furthermore, efforts to identify anti-retinal antibodies in patients with
SARDS have yielded conflicting results, with no definitive answers (2,
25). Clinicians have pointed to Cushingoid symptoms often observed in
patients with SARDS, such as weight gain, increased appetite, and
heightened thirst and urination. However, systemic cortisol
concentrations pre- and post-ACTH stimulation typically do not differ
between normal patients and those with SARDS (26). Nearly all of these
Cushingoid symptoms can be readily produced by dysfunctional or
absent primary cilia. Sudden loss or dysfunction of primary cilia would
have a dramatic effect on vision since photoreceptors themselves are
modified primary cilia. Without functional primary cilia, leptin cannot
inhibit feeding by signaling satiety to secondary neurons. Polyuria noted
in patients with SARDS could be secondary to the loss of primary renal
cilia, leading to an inability to sufficiently concentrate urine. Hyposmia
noted in patients with SARDS is also observed in human ciliopathies.
Once vision loss and systemic symptoms manifest, they persist
indefinitely in patients with AS, BBS, and SARDS (6, 7). The cause of
vision loss, polyphagia, polyuria, and hyposmia noted in AS and BBS is
known to result from ciliopathies, with an inability to sensor the local
environment. Loss of function in the BBS2, BBS4, or BBS8 genes and
their requisite proteins has been identified in dogs with progressive
retinal atrophy, concurrent with systemic symptoms such as anosmia,
weight gain, and renal dysfunction (8, 11, 12). It seems prudent to
carefully characterize genes associated with human ciliopathies in
SARDS patients, examining alterations in sequence, epigenetic
modifications, expression, and/or function. Although a genome-wide
association study (GWAS) was conducted on 15 dachshunds suffering
from SARDS, no loci of interest were identified. This study was
significantly underpowered to identify potential SNPs associated with
SARDS (27). Therefore, the genetic basis for SARDS remains unanswered.

Loss of both vision and sense of smell may be particularly
distressing for patients with SARDS. Prior to 2024, many clinicians
reassured owners that the affected dogs would adapt and use their
sense of smell as a primary means of navigation. However, it is now
apparent that the majority of patients with SARDS also suffer
significant olfactory dysfunction (1). Stuckey et al. indicated that
the persistent systemic symptoms of polyphagia, subsequent weight
gain, and polyuria “may represent a larger and more difficult
management issue than blindness itself” (6). Systemic symptoms
are prominent in both patients with BBS and SARDS and persist
indefinitely (Table 1) (1, 2, 6, 23, 28). Agents that promote ciliary

TABLE 1 Prevalence of primary clinical symptoms associated with BBS
and SARDS.

Clinical Symptom  BBS®  SARDSPees
Retinopathy 94% 100%
Obesity/weight gain/polyphagia 89% 75%
Hyposmia 47-100% ~100%
Renal dysfunction 52% <76.5%

“Forsyth et al. (28).
"Koméromy et al. (2).
Leis et al. (23).
dAbrams et al. (1).
“Stuckey et al. (6).
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homeostasis and function, such as GPCR modulators, and/or
stabilize ciliary structure, such as Tubastatin A and Aurora Kinase
A inhibitors, or ciliary rescue therapies should be evaluated in
clinical trials as potential therapeutic interventions (1, 29-31).
Numerous drugs have been identified that may promote cilia
regrowth, repair, and/or elongation in primary cancer cells in
these
concentrations (10 pM) well above those that are clinically relevant

culture. However, compounds were evaluated at

(32). Efforts to screen available drugs at lower, clinically relevant
concentrations appear warranted. Investigating SARDS as a

potential acquired ciliopathy could be a promising approach for
seeking prevention or effective treatments.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

ST: Conceptualization, Investigation, Writing — original draft,
Writing - review & editing. KA: Conceptualization, Writing - review
& editing. DW: Writing - review & editing.

References

1. Abrams KL, Ward DA, Sabiniewicz A, Hummel T. Olfaction evaluation in dogs with
sudden acquired retinal degeneration syndrome. Vet Ophthalmol. (2024) 27:127-38. doi:
10.1111/vop.13121

2. Komaromy AM, Abrams KL, Heckenlively JR, Lundy SK, Maggs DJ, Leeth CM,
et al. Sudden acquired retinal degeneration syndrome (SARDS) - a review and proposed
strategies toward a better understanding of pathogenesis, early diagnosis, and therapy.
Vet Ophthalmol. (2016) 19:319-31. doi: 10.1111/vop.12291

3. Girard D, Petrovsky N. Alstrom syndrome: insights into the pathogenesis of
metabolic disorders. Nat Rev Endocrinol. (2011) 7:77-88. doi: 10.1038/nrendo.2010.210

4. Waters AM, Beales PL. Ciliopathies: an expanding disease spectrum. Pediatr
Nephrol. (2011) 26:1039-56. doi: 10.1007/s00467-010-1731-7

5. Priya S, Nampoothiri S, Sen P, Sripriya S. Bardet-Biedl syndrome: genetics,
molecular pathophysiology, and disease management. Indian ] Ophthalmol. (2016)
64:620-7. doi: 10.4103/0301-4738.194328

6. Stuckey JA, Pearce JW, Giuliano EA, Cohn LA, Bentley E, Rankin AJ, et al. Long-
term outcome of sudden acquired retinal degeneration syndrome in dogs. ] Am Vet Med
Assoc. (2013) 243:1425-31. doi: 10.2460/javma.243.10.1426

7. Gilmour MA. Clinical follow-up on 15 dogs with sudden acquired retinal
degeneration syndrome (SARDS). Vet Ophthalmol. (2005) 8:446.

8. Downs LM, Wallin-Hékansson B, Bergstrom T, Mellersh CS. A novel mutation in
TTC8 is associated with progressive retinal atrophy in the golden retriever. Canine Genet
Epidemiol. (2014) 1:4. doi: 10.1186/2052-6687-1-4

9. Tadenev AL, Kulaga HM, May-Simera HL, Kelley MW, Katsanis N, Reed RR. Loss
of Bardet-Biedl syndrome protein-8 (BBS8) perturbs olfactory function,
protein localization, and axon targeting. Proc Natl Acad Sci USA. (2011) 108:10320-5.
doi: 10.1073/pnas.1016531108

10. Dilan TL, Singh RK, Saravanan T, Moye A, Goldberg AFX, Stoilov P, et al. Bardet-
Biedl syndrome-8 (BBS8) protein is crucial for the development of outer segments in
photoreceptor neurons. Hum Mol Genet. (2018) 27:283-94. doi: 10.1093/hmg/ddx399

11. Hitti-Malin R], Burmeister LM, Lingaas F, Kaukonen M, Pettinen I, Lohi H, et al.
A missense variant in the Bardet-Biedl syndrome 2 gene (BBS2) leads to a novel
syndromic retinal degeneration in the Shetland sheepdog. Genes (Basel). (2021) 12:1771.
doi: 10.3390/genes12111771

12. Chew T, Haase B, Bathgate R, Willet CE, Kaukonen MK, Mascord L], et al. A coding
variant in the gene Bardet-Biedl syndrome 4 (BBS4) is associated with a novel form of
canine progressive retinal atrophy. G3. (2017) 7:2327-35. doi: 10.1534/g3.117.043109

Frontiers in Veterinary Science

10.3389/fvets.2025.1611850

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

ST was employed by ClinPharmTox, LLC.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

13. Nasser F, Kohl S, Kurtenbach A, Kempf M, Biskup S, Zuleger T, et al. Ophthalmic
and genetic features of Bardet Biedl syndrome in a German cohort. Genes (Basel). (2022)
13:1218. doi: 10.3390/genes13071218

14. Cho H, Jeong M, Lee S, Yoo S. Comparison of the qualitative and quantitative
optical coherence tomographic features between sudden acquired retinal degeneration
syndrome and normal eyes in dogs. Vet Ophthalmol. (2022) 25:144-63. doi:
10.1111/vop.12975

15. Marshall J, Beck S, Maffei P, Marshall JD, Naggert JK. Alstrom syndrome. Eur J
Hum Genet. (2007) 15:1193-202. doi: 10.1038/sj.ejhg.5201933

16. Berezovsky A, Rocha DM, Sacai PY, Watanabe SS, Cavascan NN, Salomao SR.
Visual acuity and retinal function in patients with Bardet-Biedl syndrome. Clinics.
(2012) 67:145-9. doi: 10.6061/clinics/2012(02)09

17. Feuillan PP, Ng D, Han JC, Sapp JC, Wetsch K, Spaulding E, et al. Patients with
Bardet-Biedl syndrome have Hyperleptinemia suggestive of leptin resistance. J Clin
Endocrinol Metabol. (2011) 96:E528-35. doi: 10.1210/jc.2010-2290

18. Haqq AM, Chung WK, Dollfus H, Haws RM, Martos-Moreno GA, Poitou C, et al.
Efficacy and safety of setmelanotide, a melanocortin-4 receptor agonist, in patients with
Bardet-Biedl syndrome and Alstrém syndrome: a multicentre, randomised, double-
blind, placebo-controlled, phase 3 trial with an open-label period. Lancet Diabetes
Endocrinol. (2022) 10:859-68. doi: 10.1016/S2213-8587(22)00277-7

19. Ganawa S, Santhosh SH, Parry L, Syed AA. Weight loss with glucagon-like
peptide-1 receptor agonists in Bardet-Biedl syndrome. Clin Obes. (2022) 12:e12546. doi:
10.1111/cob.12546

20. Praetorius H, Spring K. Removal of the MDCK cell primary cilium abolishes flow
sensing. ] Membr Biol. (2003) 191:69-76. doi: 10.1007/s00232-002-1042-4

21. Yoder BK, Tousson A, Millican L, Wu JH, Bugg CE Jr, Schafer JA, et al. Polaris, a
protein disrupted in orpk mutant mice, is required for assembly of renal cilium. Am |
Physiol Renal Physiol. (2002) 282:F541-52. doi: 10.1152/ajprenal.00273.2001

22. Zacchia M, Del Vecchio Blanco F, Torella A, Raucci R, Blasio G, Onore ME, et al.
Urine concentrating defect as presenting sign of progressive renal failure in Bardet-Biedl
syndrome patients. Clin Kidney J. (2021) 14:1545-51. doi: 10.1093/ckj/sfaal82

23. Leis M, Lucyshyn D, Bauer B, Grahn B, Sandmeyer L. Sudden acquired retinal
degeneration syndrome in western Canada: 93 cases. Can Vet J. (2017) 58:1195-9.

24. Uytingco CR, Green WW, Martens JR. Olfactory loss and dysfunction in
ciliopathies: molecular mechanisms and potential therapies. Curr Med Chem. (2019)
26:3103-19. doi: 10.2174/0929867325666180105102447

frontiersin.org


https://doi.org/10.3389/fvets.2025.1611850
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/vop.13121
https://doi.org/10.1111/vop.12291
https://doi.org/10.1038/nrendo.2010.210
https://doi.org/10.1007/s00467-010-1731-7
https://doi.org/10.4103/0301-4738.194328
https://doi.org/10.2460/javma.243.10.1426
https://doi.org/10.1186/2052-6687-1-4
https://doi.org/10.1073/pnas.1016531108
https://doi.org/10.1093/hmg/ddx399
https://doi.org/10.3390/genes12111771
https://doi.org/10.1534/g3.117.043109
https://doi.org/10.3390/genes13071218
https://doi.org/10.1111/vop.12975
https://doi.org/10.1038/sj.ejhg.5201933
https://doi.org/10.6061/clinics/2012(02)09
https://doi.org/10.1210/jc.2010-2290
https://doi.org/10.1016/S2213-8587(22)00277-7
https://doi.org/10.1111/cob.12546
https://doi.org/10.1007/s00232-002-1042-4
https://doi.org/10.1152/ajprenal.00273.2001
https://doi.org/10.1093/ckj/sfaa182
https://doi.org/10.2174/0929867325666180105102447

Toler et al.

25. Mowat FM, Avelino J, Bowyer A, Parslow V, Westermeyer HD, Foster ML, et al.
Detection of circulating anti-retinal antibodies in dogs with sudden acquired retinal
degeneration syndrome using indirect immunofluorescence: a case-control study. Exp
Eye Res. (2020) 193:107989. doi: 10.1016/j.exer.2020.107989

26.0h A, Foster ML, Lunn KF, Mowat FM. Circulating neurohormone imbalances
in canine sudden acquired retinal degeneration syndrome and canine pituitary-
dependent hypercortisolism. J Vet Intern Med. (2019) 33:2587-94. doi:
10.1111/jvim.15646

27. Stromberg SJ, Thomasy SM, Marangakis AD, Kim S, Cooper AE, Brown EA, et al.
Evaluation of the major histocompatibility complex (MHC) class IT as a candidate for
sudden acquired retinal degeneration syndrome (SARDS) in dachshunds. Vet
Ophthalmol. (2019) 22:751-9. doi: 10.1111/vop.12646

28. Forsyth RL, Gunay-Aygun M. Bardet-Biedl Syndrome Overview In: MP Adam, ]
Feldman and GM Mirzaaet al, editors. GeneReviews®. Seattle, WA: University of
Washington (2003)

Frontiers in Veterinary Science

05

10.3389/fvets.2025.1611850

29.Brewer KM, Engle SE, Bansal R, Brewer KK, Jasso KR, McIntyre JC, et al.
Physiological condition-dependent changes in ciliary GPCR localization in the brain.
eNeuro. (2023) 10:1-13. doi: 10.1523/ENEURO.0360-22.2023

30. Nishimura Y, Yamakawa D, Shiromizu T, Inagaki M. Aurora a and AKT kinase
signaling associated with primary cilia. Cells. (2021) 10:3602. doi: 10.3390/cells 10123602

31. Xie C, Habif JC, Ukhanov K, Uytingco CR, Zhang L, Campbell RJ, et al. Reversal
of ciliary mechanisms of disassembly rescues olfactory dysfunction in ciliopathies. JCI
Insight. (2022) 7:¢158736. doi: 10.1172/jci.insight.158736

32.Khan NA, Willemarck N, Talebi A, Marchand A, Binda MM, Debhairs J, et al.
Identification of drugs that restore primary cilium expression in cancer cells. Oncotarget.
(2016) 7:9975-92. doi: 10.18632/oncotarget.7198

33. Jurisch-Yaksi N, Wachten D, Gopalakrishnan J. The neuronal cilium - a highly
diverse and dynamic organelle involved in sensory detection and neuromodulation.
Trends Neurosci. (2024) 47:383-94. doi: 10.1016/j.tins.2024.03.004

frontiersin.org


https://doi.org/10.3389/fvets.2025.1611850
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.exer.2020.107989
https://doi.org/10.1111/jvim.15646
https://doi.org/10.1111/vop.12646
https://doi.org/10.1523/ENEURO.0360-22.2023
https://doi.org/10.3390/cells10123602
https://doi.org/10.1172/jci.insight.158736
https://doi.org/10.18632/oncotarget.7198
https://doi.org/10.1016/j.tins.2024.03.004

	Sudden acquired retinal degeneration syndrome may be an acquired primary ciliopathy, phenotypically similar to human Alström and Bardet-Biedl syndromes
	1 Introduction
	1.1 Vision
	1.2 Appetite and hunger
	1.3 Polyuria
	1.4 Olfaction

	2 Discussion

	References

