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initial cohort to 227 patients, 128 (56.38%) males and 99 females 
(43.61%). This study cohort contained 176 variants, where 168 
were cLOF and 8 missense variants (online supplemental figure 
S1). Most of them were private variants, but five pathogenic 
variants were shown to have a high frequency: p.(Arg2722Ter) 
(28 alleles), p.(Gln3495Ter) (22 alleles), p.(Thr3592Lysf-
sTer6) (14 alleles), p.(Glu3773TrpfsTer18) (11 alleles) and 
p.(Pro3911GlnfsTer16) (10 alleles) (figure 1A). The number of 
alleles described for these variants shows certain inconsistencies 
with the gnomAD database, and in some cases the variant does 
not even appear in this database (table 2).

Patients were initially grouped into age ranges by decade 
(from 0 to 59 years), but due to the low number of patients in 
the 40–49 and 50–59 age ranges they were added to the 30–39 
age group and reclassified as over 30 years for further analysis.

Out of a total of 454 alleles, 207 (45.59%) were in E8, 107 
(23.57%) in E16 and 81 (17.84%) in E10 (figure 1B). Thus, 
these exons were the main variant hotspots in our cohort, consis-
tent with the literature. In other cohorts, the pathogenic variants 
in these hotspots comprise 21%–57% in E8, 19%–40% E16 and 
12%–32% E10 of the total.1 5 14 19 50 86 89 104

Due to the recessive nature of ALMS, we decided to define 
the characteristic allele of each patient according to the patho-
genic variant furthest from the transcription start site of the 
gene (figure 1C). Many of the patients carrying variants in 
E8 were compound heterozygotes with variants in E16. After 
this regrouping, we detected that 80 (35.34%) patients had 

the largest allele truncated in E8, 42 (18.50%) in E10 and 75 
(33.03%) in E16.

In accordance with other similar study,5 we used the variant 
hotspots (exons 8, 10 and 16) to subdivide the patients into 
genetic groups 1, 2 and 3, respectively. Due to the low frequency 
of pathogenic variants in other exons of the ALMS1 gene, we 
decided to include patients with truncated alleles in the adjacent 
exons to these variant hotspots. G1 includes all patients with the 
longest truncated allele before exon 9. G2 includes patients with 
the longest truncated allele between exon 9 and exon 13. Lastly, 
G3 included patients with the longest truncated allele from exon 
14 to exon 20. As a result, G1, G2 and G3 contained 85, 45 and 
97 patients, respectively (figure 1D).

Patients with the longest allele truncated around E10 have a 
higher syndromic score than the other subgroups
For the phenotypic manifestations collection strategy, 16 
syndromic groups (see the Methods section) were initially 
defined. In the genotype–phenotype correlation analysis, a 
minimum prevalence threshold of 15% (n=33) was established 
in the cohort (online supplemental figure S2). This reduced the 
initial phenotypic manifestations to nine groups: vision impair-
ments (VI; 97.80%), metabolic anomalies (MT; 85.02%), hearing 
anomalies (HL; 59.91%), heart anomalies (HRT; 49.34%), liver 
anomalies (LIV; 36.56%), renal anomalies (29.52%), mental 
anomalies (24.67%), pulmonary anomalies (19.38%) and repro-
ductive system anomalies (17.62%).

Following the methodology developed by Niederlova et al,18 
the five main syndromic groups (VI, MT, HL, HRT and LIV; see 
the Methods section) were used to create a discrete syndromic 
score ranging from 0 to 1 (figure 2A). The mean of this syndromic 
score in the total cohort is around 0.7, with the most common 
values being 0.6 (three of the five symptoms) and 0.8 (four of 
the five symptoms) (figure 2B). No significant differences in the 
syndromic score between sexes were observed (figure 2C and 
online supplemental figure S3). However, the syndromic score 
increased significantly in the different age ranges of the patients 
(p=3.1 e- 10; figure 2D and online supplemental figure S4). This 
is consistent with the progressive worsening that these patients 
undergo throughout their lives.3 6 Finally, we observed how the 
syndromic score was distributed in the different groups defined 
according to their longest allele. Patients whose longest allele 
was truncated around E10 (G2) had a higher syndromic score 
compared with the G1 (p=0.017) and G3 (p=0.016) groups 
(figure 2E).

Patients with truncation variants around E10 have a higher 
prevalence of liver disease
To determine whether the differences between the G1, G2 and 
G3 groups were due to an unequal composition between the 
different age ranges in each group, the syndromic score was 
studied by combining both parameters (age and genetic group) 
(figure 3A). In the first decade of life, no significant differences 
in the syndromic score were observed between the groups. 
Between the age of 10 and 19 years, a higher syndromic score 
was observed in the G2 group compared with the G3 group 
(FDR=0.061). From 20 to 29 years of age, a higher syndromic 
score was observed in the E10 group compared with the G1 and 
G3 groups (FDR=0.009, in both cases) (figure 3A). Lastly, in 
patients over 30 years of age, no significant differences were 
observed between the genetic groups (figure 3A).

After concluding that the differences observed between the 
groups were not due to an unequal age composition between 

Figure 1 Cohort description of 227 patients with Alström syndrome 
(ALMS). (A) Counting of the different alleles in the cohort. Alleles with 
more than two copies in the cohort are represented. (B) Number of alleles 
per exon in the study cohort. (C) Patients grouped by their allele of the 
ALMS1 gene with the furthest truncation variant. (D) Age composition in 
the subgroups with the longest allele of the ALMS1 gene truncated before 
exon 9 (group 1, G1), between exon 9 and exon 14 (group 2, G2), and 
after exon 14 (group 3, G3).

Table 2 Differences in the number of alleles reported in gnomAD 
and in our database for the most frequent pathogenic variants
Pathogenic variant ALMSDB gnomAD

p.(Arg2722Ter)/p.(Arg2720Ter) 28 4
p.(Gln3495Ter)/p.(Gln3493Ter) 22 11
p.(Thr3592LysfsTer6)/p.(Thr3590LysfsTer6) 14 14
p.(Glu3773TrpfsTer18)/p.(Glu3771TrpfsTer18) 11 6
p.(Pro3911GlnfsTer16) 10 0
The differences in nomenclature are due to the Mutalyzer software using 
RefSeq (NM_015120.4) as a reference, while gnomAD uses Ensembl 
(ENST00000264448.6). ALMSDB: Alström syndrome database.
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1) In this study we collected all cases 
of ALMS published to date. 

2) We created a database of patients 
who had a genetic diagnosis and an 
individualised clinical history. 

3) Lastly, we attempted to establish a 
genotype–phenotype correlation 
using the truncation site of the 
patient’s longest allele as a grouping 
criteria. 

1Bea- Mascato B, Valverde D. J Med Genet 2023;0:1–9. doi:10.1136/jmg-2023-109175

Original research

Genotype–phenotype associations in Alström 
syndrome: a systematic review and meta- analysis
Brais Bea- Mascato    ,1,2 Diana Valverde1,2

Genotype- phenotype correlations

To cite: Bea- Mascato B, 
Valverde D. J Med Genet 
Epub ahead of print: [please 
include Day Month Year]. 
doi:10.1136/jmg-2023-
109175

 ► Additional supplemental 
material is published online 
only. To view, please visit 
the journal online (http:// dx. 
doi. org/ 10. 1136/ jmg- 2023- 
109175).

1CINBIO, Universidad de Vigo, 
36310 Vigo, Spain
2Grupo de Investigación 
en Enfermedades Raras y 
Medicina Pediátrica, Instituto de 
Investigación Sanitaria Galicia 
Sur (IIS Galicia Sur), SERGAS- 
UVIGO, Vigo, Spain

Correspondence to
PhD Diana Valverde, CINBIO, 
Universidad de Vigo, 36310 
Vigo, Spain;  dianaval@ uvigo. es

Received 20 January 2023
Accepted 29 May 2023

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background Alström syndrome (ALMS; #203800) is 
an ultrarare monogenic recessive disease. This syndrome 
is associated with variants in the ALMS1 gene, which 
encodes a centrosome- associated protein involved in the 
regulation of several ciliary and extraciliary processes, 
such as centrosome cohesion, apoptosis, cell cycle 
control and receptor trafficking. The type of variant 
associated with ALMS is mostly complete loss- of- function 
variants (97%) and they are mainly located in exons 8, 
10 and 16 of the gene. Other studies in the literature 
have tried to establish a genotype–phenotype correlation 
in this syndrome with limited success. The difficulty in 
recruiting a large cohort in rare diseases is the main 
barrier to conducting this type of study.
Methods In this study we collected all cases of ALMS 
published to date. We created a database of patients 
who had a genetic diagnosis and an individualised 
clinical history. Lastly, we attempted to establish a 
genotype–phenotype correlation using the truncation 
site of the patient’s longest allele as a grouping criteria.
Results We collected a total of 357 patients, of 
whom 227 had complete clinical information, complete 
genetic diagnosis and meta- information on sex and 
age. We have seen that there are five variants with high 
frequency, with p.(Arg2722Ter) being the most common 
variant, with 28 alleles. No gender differences in disease 
progression were detected. Finally, truncating variants in 
exon 10 seem to be correlated with a higher prevalence 
of liver disorders in patients with ALMS.
Conclusion Pathogenic variants in exon 10 of the 
ALMS1 gene were associated with a higher prevalence 
of liver disease. However, the location of the variant in 
the ALMS1 gene does not have a major impact on the 
phenotype developed by the patient.

INTRODUCTION
Alström syndrome (ALMS; #203800) is an ultr-
arare monogenic disease caused by variants in the 
ALMS1 gene. It is an autosomal recessive disorder 
with an estimated incidence of 1–9 cases per 1 000 
000 inhabitants. Currently there are approximately 
1000 cases described worldwide (Orphanet; 3 May 
2022).

Most of the variants associated with this disease 
generate a stop codon, either at the variant site 
(nonsense variant) or as a result of a frameshift 
alteration, leading to complete loss- of- function 
(cLOF) variants.1 Currently, there are 388 cLOF 
variants reported in ClinVar and 253 in gnomAD. 
These pathogenic variants have a uniform distribu-
tion along the gene and are mainly located in the 

coding regions. Whole exome sequencing is a stan-
dard practice for genetic testing of rare diseases, 
which means that intronic regions are poorly 
studied, explaining why most pathogenic variants 
are detected in coding regions.2 Exons 8, 10 and 16 
are considered variant hotspots, but this seems to 
be due to their large size rather than a specific regu-
latory correlation. For example, exon 8 (6108 bp) 
covers 50% of the total gene sequence (12 844 bp).

ALMS presents a very heterogeneous phenotype 
in which symptoms can be aggregated into two main 
groups.3 4 The first group includes the presence of 
retinal dystrophy from early age, several metabolic 
disorders (obesity and hypertriglyceridaemia and/
or type 2 diabetes mellitus (T2DM)), hearing loss, 
liver and kidney dysfunctions, and cardiac disorders 
such as dilated cardiomyopathy (DCM).3 5 6 The 
second group of symptoms would include short 
stature, recurrent pulmonary infections, mental 
and cognitive impairments, and several endocrine 
disorders, affecting the thyroid and reproductive 
systems.3 This second group would also include 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Alström syndrome (ALMS) is a monogenic 
disease where the role of the ALMS1 gene 
and the correlation of the mutations with the 
different symptoms are unknown.

WHAT THIS STUDY ADDS
 ⇒ By systematically reviewing the clinical and 
causal variants of all patients with ALMS 
described to date, we tried to find out any 
genotype–phenotype correlation that explains 
how ALMS1 alterations generate the different 
symptoms of the disease.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ No gender differences in the development of 
the disease were observed and the disease was 
observed to worsen with age.

 ⇒ It was observed that patients with truncated 
alleles around exon 10 have a higher 
prevalence of liver disease.

 ⇒ This study will have a significant impact on 
affected families as it will guide clinicians in the 
management of the disease.

 ⇒ The database has been made available to the 
scientific community, which will allow this 
cohort to be integrated into future studies, 
helping the research into this disease.
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them, the prevalence of the nine syndromic manifestations in 
each of these groups was studied (figure 3B). Patients within the 
G2 group were found to have a higher prevalence of liver disor-
ders compared with patients in the G3 group (FDR=0.00792). 
For the remaining eight syndromic groups, no significant differ-
ences were found between the genetic groups (figure 3B).

The G2 group consisted of 23 heterozygous patients and 22 
homozygous patients. The prevalence of the presence/absence of 
liver problems was, respectively, 9/14 in the heterozygous group 
and 15/7 in the homozygous group.

DISCUSSION
Meta- analyses are a useful tool to address one of the main 
limitations when attempting to establish a genotype–pheno-
type correlation in a rare disease: the inability to recruit a large 
cohort to draw robust and statistically significant conclusions. 
Although meta- analyses mainly focus on the aggregation of 
several studies with well- defined and well- studied cohorts, this 
is often not possible in rare diseases. Alternatively, one can try 

to aggregate information obtained from case reports in the 
literature. However, the lack of uniform criteria in the way the 
authors describe their patients is one of the main biases of this 
approach. In this paper we adapt and apply the methodology 
described by Niederlova et al18 from a polygenic disease such as 
BBS to a monogenic disease such as ALMS.

Even though ALMS is a monogenic disease,123 to date several 
studies have already discussed the possible existence of several 
tissue- specific isoforms for the ALMS1 gene, which may have 
different regulatory roles that explain the high symptomatic 
heterogeneity.120 123–125 Although this is an interesting approach, 
the isolated nature of the data published in the case reports does 
not allow for validation. To validate this hypothesis, it is neces-
sary to recruit a large cohort where the level and functionality of 
the protein product in different tissues should be investigated to 
correlate the clinical phenotype of the patient with the different 
regulatory mechanisms of ALMS1. Different cohorts have been 
described in the literature, the largest being that of Marshall 
et al,5 followed by Ozantürk et al,86 the National Institutes of 
Health (NIH) clinical centre cohort,50 104 Chen et al14 and Retha-
navelu et al,89 with 58, 44, 38, 23 and 21 patients with ALMS, 
respectively. Significant genotype–phenotype correlations were 
only detected in Marshall et al,5 highlighting the importance of 
the sample size used in this type of study.

In our analysis we found that there were discrepancies between 
the absolute frequency in the most reported alleles concerning 
databases such as gnomAD (table 2). Most of these variants were 
reported in three or more studies.1 5 14 50 86 104 However, the 
pathogenic variant p.(Pro3911GlnfsTer16) described by Khan 
et al68 in a Saudi Arabian population is not reported in either 

Figure 2 Phenotypic impact of different subgroups of patients with 
ALMS. (A) Prevalence of the five main syndromic groups in the cohort: 
vision impairments (VI), metabolic anomalies (MT), hearing anomalies 
(HL), heart anomalies (HRT) and liver anomalies (LIV). (B) Distribution of 
syndromic scores calculated from the presence or absence of the five most 
relevant syndromic groups. (C) Gender comparison of syndromic scores. (D) 
Comparison of the syndromic scores between age groups. (E) Comparison 
of the syndromic scores between subgroups created from the longest allele 
of the ALMS1 gene. ALMS, Alström syndrome; F, female; G1, group 1; G2, 
group 2; G3, group 3; M, male.

Figure 3 Correlation study between the prevalence of symptoms and 
the truncation site of the ALMS1 gene. (A) Evolution of the syndromic 
score among the subgroups by the longest allele of the ALMS1 gene in 
the different age groups. (B) Prevalence of the different symptom clusters 
in the subgroups by the longest allele of the ALMS1 gene. G1, group 1; 
G2, group 2; G3, group 3; HL, hearing anomalies; HRT, heart anomalies; 
LIV, liver anomalies; MEND, mental anomalies; MT, metabolic anomalies; 
PUL, pulmonary anomalies; REN, renal anomalies; REP, reproductive system 
anomalies; VI, vision impairments.
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We identified a subgroup of four patients with Alström 
syndrome with a “mild phenotype” featured by a: 

1) slow onset of visual impairment and photophobia, 
2) normal hearing function or a mild hearing deficit 
which do not require hearing aids, 

3) mild or any systemic complications, 

4) and normal weight or underweight in childhood 
without hyperphagia. 
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Abstract

Alström syndrome (OMIM#203800) is an ultra-rare autosomal recessive monogenic

disease presenting pathogenic variants in ALMS1 (chromosome 2p13). It is character-

ized by early onset of blindness, hearing loss and systemic comorbidities, with del-

ayed development without cognitive impairment. We aimed to investigate the
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Patient #7 is a 22-year-old female. She is the sister of patient 
#8. She reported nystagmus in infancy, late onset visual 
impairment and cone-rod dystrophy, no history of 
hyperphagia, or overweight in childhood. She showed normal 
metabolic profile (fasting glucose 4.9 mmol/L, Hba1c 34 mmol/
mol, and insulin 5.3 mU/L), regular menses, normal breasts, 
normal long hair, no hyperlipemia, and no liver or renal 
impairment. The auditory test was normal. From a 
neurocognitive point of view, a normal verbal comprehension 
index was obtained on the WAIS and BF apraxia tests and 
scored low on the IDE apraxia tests. 
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Tanner scale for breast and pubic hair

Present Case

Common findings in AS



6 months after the delivery, and she had normal blood pressure
values with unmodified data at echocardiography analysis;
biochemical, metabolic, and hormonal assessments showed
increased levels of GOT, GPT, and ɣ-GT with normal
glycemic profile. At 6 months of age, the newborn had no
clinical abnormalities or any signs of retinal disease.

3 Discussion

To the best of our knowledge, this is the first case report to
describe pregnancy at term in a woman with AS, a rare
multisystemic genetic disorder that usually has a negative
effect on both male and female fertility.

Womenwith AS clinically present with IR, hyperandrogenism,
irregular menses, and chronic anovulation similar to the polycystic
ovary syndrome (PCOS) phenotype. A recent analysis of
endocrinological manifestations in the American cohort of
female AS patients has confirmed increased testosterone levels
when compared to controls (Han et al., 2018). Extensive ovarian
fibrosis associated with poor follicular reserve has also been
reported in postmortem analysis in patients with AS (Marshall
et al., 2005). Regarding fertility and possible pregnancy, the
2020 Consensus Clinical Management Guidelines for AS states
that “Female fertility is unlikely and no patients have reproduced
so far” (Tahani et al., 2020).

The described patient shows a mild phenotype, and from a
gynecological point of view, she differs from the typical
phenotype because she has normal hair, normal breast
conformation, and normal internal/external genitalia
(Table 2); moreover, she has a normal metabolic profile that
may have contributed to her fertility. In the literature, no data are
available on fertility in female AS patients, and only one study in
mice has suggested that female Alms1 foz/foz mice were fertile at
an early age and became infertile after the development of obesity
due to an anovulatory state (Arsov et al., 2006). The mild
phenotype of this AS patient without IR or obesity, associated
only with a mild initial increase of androgen levels, may have
spared the patient’s fertility and led to the possibility of a
spontaneous conception. In fact, it is well known from PCOS
studies that IR and hyperinsulinemia influenced fertility and

conception, enhancing androstenedione and testosterone
production, reducing SHBG levels, increasing free testosterone
levels, stopping follicles growth, influencing pituitary gland
sensitivity to GnRH, and stimulating pituitary LH release
(Shaaban et al., 2021). A recent study in mice suggests a
direct role of ALMS1 on fertility. This study showed that
ALMS1 deficiency may promote anovulatory infertility via
elevated androgens through a cooperation between
ALMS1 and the luteinizing hormone (LH)/chorionic
gonadotropin receptor, which induced a PCOS and obesity
phenotype characterized by anovulation and
hyperandrogenemia (Yu et al., 2021). As in the general
population, female AS patients affected by obesity, metabolic
syndrome, and their comorbidities may have ovulatory and
anovulatory cycles, decreased oocyte number and quality,
increased rate of miscarriages, and lower rates of pregnancy
after medically assisted reproduction. In the literature, there are
no data on this complex interaction in AS, but it is clear that a
strict control of metabolic manifestations may ameliorate the
fertility rate of female AS patients.

Other AS characteristics not directly involved with the female
reproductive system, such as hypothyroidism and GH deficiency,
may further affect patients’ fertility. In fact, in a similar way,
hypothyroidism and GH deficiency impact the morphology of
the reproductive organs, the onset of puberty, ovarian function,
and fertility and have to be considered to ameliorate fertility in
patients with AS.

Regarding conception, considering the AS part of genetically
determined ciliopathies, ALMS1 dysfunction may be involved in
embryo implantation and pregnancy development. In fact, this
case suggests that, as observed in other ciliopathies, male
individuals are infertile (in the literature, there are no reports
of a newborn frommale patients affected by AS), while female AS
patients may be fertile or infertile based on the functionality of
motile cilia, which play a critical role in genitalia development,
reproductive system, and hormonal function (Raidt et al., 2015).
Nonmotile (primary) cilia dysfunction usually causes
hypogonadism and genital abnormalities. Every primary
ciliopathy is associated with multiple pathogenetic variants
and phenotypes, and these different genotypes and phenotypes
affect both male and female fertility in different ways; a brief

TABLE 2 Typical and mild gynecological phenotype of Alström syndrome.

Typical Phenotype Mild Phenotype

Hair Alopecia and hirsutism Normal

Breast Abnormal breast development Normal

Genitalia Ovary cysts Normal

Menarche and menses A/Oligomenorrhea Normal

Hormonal assessment Hyperandrogenism Mild increase in testosterone levels
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Other US results along the pregnancy

• Heart activity: regular

• Fetal movement: regular

• Amniotic fluid volume: normal

• Fetal presentation: cephalic

• Placental position: posterior

• Biometric fetal growth: regular (diameters or circumferences)

• Doppler US of umblical artery: regular (pulsatility index 0.87)

• Any malformation of: head-brain-face, spine, heart, major vessels, lungs, 

abdominal wall, stomach, kidney, bladder, bones



Course of Pregnancy and Delivery

• 13 wk-26 wk: monthly screening, regular clinical and lab results

• 26 wk: dipstick proteinuria (not confirmed at 24h urine test)

• 34 wk: hypertension and peripheral edema, cholestasis

• 34 wk: hospitalization

• Therapy: 

• Corticosteroids for respiratory distress syndrome prophylaxis

• nifedipine 20 mg —> STOP (lack of efficacy)

• alpha-methyldopa 500 mg + labetalol 100 mg

• Ursodeoxycholic acid 450 mg



• 35 wk: preeclampsia (hypertension not controlled by medications + 

protein in urine)


• Urgent cesarean section (Feb 22, 2021):

• male newborn, 

• 1950 g (121,875 oz)

• APGAR score: 9 (at 1 and 9 minutes)

• Placental pathology: 350 g (12,35 oz), small size, limited detachment 


marks, vascular obstruction, congested villi, single infarcted portion

Course of Pregnancy and Delivery



Postnatal…

• Hospital discharge after 6 days

• No lactation after delivery

• Resumption of regular menstrual cycle

• Therapy: ramipril 5 mg

• Regular growth of the new-born



Patient #17 is an 8-year-old male, 
who reported only nystagmus in 
infancy, cone-rod dystrophy, a 
weight of 27.5 kg (SDS −0.97), height 
131.5 cm (SDS −0.79), no cardiac, 
hepatic, or renal impairment. 

During growth, the SDS for weight 
has been always negative on free 
diet. 

He tested normal at auditory 
investigation. 

He had normal glucose and lipid 
profile on free diet. 

From a neurocognitive point of view, 
no developmental delay was found, 
and he resulted as having normal 
verbal comprehension on the index of 
the WISC-IV without IDE-BF apraxia. 
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TABLE 1 (Continued)

ID
(1) Age Sex

Genotype

Vision
deficit (2)

Hearing deficit

BMI

Hypertension (4)

Dyslipidemia
T2DM
(5)

CRF
(6)

Increased
transaminases

Psychiatric
disorders Phenotype

Var 1

Exon

Protein 1

Var 2 Protein 2

Hearing aids
cochlear
implant (3)

Cardiological
disorders

Liver
cirrhosis

A c.6731delA 8 p.(Asp2244Valfs*24) − − −

#14 12 M c.4937C>A 8 p.(Ser1646*) ++ + 25 − − − − − − Typical

P c.11703delA 18 p.(Lys3901Asnfs*8) + − −

#15* 17 F c.3425C>G 8 p.(Ser1142*) + + 29 − − + − + − Typical

P ? ? ? + + −

#16 11 F c.2041C>T 8 p.(Arg681*) ++ + 32 − − + − − − Typical

P c.5135T>G 8 p.(Leu1712*) + − −

#17 8 M c.890_892delCTCinsA 5 p.(Ser 297*) +/− − 16 − − − − − − Mild

P c.3425C>G 8 p.(Ser1142*) − − −

#18§ 11 M c.3019dupA 8 p.(Arg1007Lysfs*15) ++ + 28 − − − − − Psyco-motor
delay

Typical

P c.10830_10831insC 16 p.(Arg3611Glnfs*7) − − −

#19§ 16 M c.3019dupA 8 p.(Arg1007Lysfs*15) ++ − 25 − − − − − Psyco-motor
delay

Typical

P c.10830_10831insC 16 p.(Arg3611Glnfs*7) − − −

Notes: (1) ID A: Adult patient, P: Pediatric patient. (2) Vision Deficit: +/− mild ipovision; + severe ipovision; ++ = blindness. (3) Hearing aids: − = no; + = hearing aids; ++ = cochlear implant. (4) Hypertension:
− = normotensive; + = under antihypertensive pharmacological treatment, cardiological disorders: + = present, − absent. (5) T2DM type 2 diabetes mellitus: + = present, − = absent. (6) CRF chronic renal failure:
+ = present, − = absent. Increased transaminases and Liver cirrhosis: + = present, − = absent. Psychiatric disorders: + = present, − = absent. *,^, § = pair of siblings. Var: variant, reference sequence
NM_015120.4; ?: not yet identified. On gray color the new pathogenetic variants described in the present study. Pathogenetic variants of patients #2, #3, #4, #6, #9, #10, #11, #12, #13 #14, #15, #16, #17,
#18, and #19 are described on LOVD database and Marshall et al., 2015, Pathogenetic variants of patients #7 and #8 are described on Weisschuh et al., 2016 and Nasser et al., 2018.
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Patient #5 is a 23-year-old male, with 
retinal cone-rod dystrophy, a late onset 
visual impairment, 

mild bilateral sensorineural hearing loss 
that does not require hearing aids, 

hepatic steatosis, lumbar scoliosis, and 
kyphosis. 

He had no history of hyperphagia or obesity 
in childhood. 

A normal metabolic profile (fasting glucose 
4.2 mmol/L and insulin 10.2 mU/L), and mild 
hyperlipidemia (total cholesterol 3.60 mmol/
L and triglycerides 1.54 mmol/L) on a free 
diet which includes fatty food and simple 
carbohydrates was reported. 

The patient graduated from Law School 
before the term. From a neurocognitive 
point of view, the patient obtained a normal 
verbal comprehension index on the WAIS, a 
normal test score for IDE apraxia, and 
scored low on the BF apraxia tests.

Dassie & Lorusso et al, Am J Med Genet 2021

TABLE 1 Genotype and phenotype of patients with Alström syndrome

ID
(1) Age Sex

Genotype

Vision
deficit (2)

Hearing deficit

BMI

Hypertension (4)

Dyslipidemia
T2DM
(5)

CRF
(6)

Increased
transaminases

Psychiatric
disorders Phenotype

Var 1

Exon

Protein 1

Var 2 Protein 2

Hearing aids
cochlear
implant (3)

Cardiological
disorders

Liver
cirrhosis

#1 19 F c.10557dupT 16 p.(Pro3520Serfs*5) ++ + 31 + + − − − − Typical

A c.11580dupT 17 p.(Ile3861Tyrfs*7) + − −

#2* 24 M c.3425C>G 8 p.(Ser1142*) ++ + 21 + + + − + − Typical

A ? ? ? − − −

#3 50 M c.3425C>G 8 p.(Ser1142*) ++ + 29 + + − + − − Typical

A c.3425C>G 8 p.(Ser1142*) − − −

#4 41 M c.2164A>T 8 p.(Lys722*) ++ + 32 + + + + + − Typical

A c.11313_
11316delTAGA

16 p.(Asp3771Glufs*20) + _ +

#5 23 M c.1333C>T 6 p.(Gln445*) ++ + 29 − + − − + − Mild

A c.4976T>A 8 p.(Leu1659*) − − −

#6 21 F c.6486_
6489delAACT

8 p.(Thr2163Lysfs*4) ++ + 26 − + + − + − Typical

A c.6486_
6489delAACT

8 p.(Thr2163Lysfs*4) ++ − −

#7^ 22 F c.1046G>A 5 p.(Trp349*) ++ − 24 − − − − − − Mild

A c.1046G>A 5 p.(Trp349*) − − −

#8^ 26 F c.1046G>A 5 p.(Trp349*) ++ + 25 + − − − + − Mild

A c.1046G>A 5 p.(Trp349*) − − −

#9 32 F ? ? ? ++ + 26 − + + − + − Typical

A c.11313_
11316delTAGA

16 p.(Asp3771Glufs*20) + − −

#10 35 F c.7304_7305delAG 8 p.(Glu2435Valfs*7) ++ + 34 − + − − + Preceding
depression

Typical

A c.10975C>T 16 p.(Arg3659*) + − +

#11 18 F c.3425C>G 8 p.(Ser1142*) ++ + 24 + − − − + − Typical

A c.9379C>T 10 p.(Gln3127*) − + +

#12 59 F c.1568dupT 8 p.(Ser524Lysfs*12) ++ + 31 − + − + + − Typical

A ? ? ? + + −

#13 23 F c.3251_
3258delCTGACCAG

8 p.(Ala1084Aspfs*3) ++ + 27 − + + − + − Typical

(Continues)
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Compound heterozygosis (exon 8):


c.1568dup (p.Ser524Lysfs*13)

c.2611_2614del (p.Phe8711Ilefs*10)

Medical History:

- Phophofobia (early wks of life)

- Nystagmus 1 yr

- Cone-rod dystrophy

- Normal development milestones

- Sensorineural hypoacusia (11 yr)

- Mild dilative CMP (12 yr)

- Regular menses since age 12

- Psychological issues

- No obesity

- No metabolic abnormalities (lab test)

- No hormormonal issues (lab tests)

14-year-old



Mauring et al. Atypical Form of Alström Syndrome
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Charts Display L40. Semi-automated kinetic visual !elds were 
performed with the Octopus 900 perimeter (Haag-Streit 
International, Wedel, Germany). Color vision was assessed with 
the Farnsworth Panel D-15 color vision cups and Ishihara 
plates. Slit lamp and dilated fundus examination were performed 
a"er pupillary dilatation with tropicamide 1%. Full-!eld ERG 
testing was performed with a modi!ed version of the International 
Society for Clinical Electrophysiology of Vision (ISCEV) protocol 
under scotopic and photopic lighting conditions using Diagnosys 
LLC (Lowell, MA, US) device. Both spectral domain OCT and 
fundus auto#uorescence images were acquired using the Spectralis 
HRA + OCT unit (Heidelberg Engineering, Heidelberg, Germany).

As well as ophthalmological assessment, the patient also 
underwent audiological and general physical examinations 
including height and weight with body mass index calculation, 
pure tone audiograms and review by an otologist, and renal 
and endocrine assessment by a general physician with 
measurement of serum urea and creatinine levels, renal 
echography, fasting glucose and HBA1C levels. Blood samples 
were obtained using standard venepuncture techniques a"er 
an overnight fast.

Targeted Exome Sequencing
High throughput sequencing of the patient’s sample was 
performed on the Ion Torrent PGM (%ermo!sher) according 
to the manufacturer’s protocols. DNA libraries were constructed 
using the HaloPlex Target Enrichment system (Agilent 
Technologies, version D.5). %e libraries were barcoded using 
HaloPlex ION Barcodes (Agilent Technologies) and then pooled 
by eight samples. Emulsion PCR was performed on the Ion 
One Touch 2 system (Life Technologies) and the emulsion 
PCR products enriched on the One Touch 2 Enrichment System 
using the Ion PGM Template OT2-200 kit (Life Technologies). 

Ion sphere particles (ISP) were enriched using the E/S module, 
charged on one Ion PGM 316 v2 chips and sequenced with 
an Ion Torrent PGM in a 200-bp con!guration run. With an 
ISP loading of 55%, 149  Mb were produced in total out of 
1,264,061 reads, with a median length of 116  bp, of which 
12.3  Mb could be  used for our patient. Sequencing data were 
analyzed by the Torrent Suite So"ware v4.2.1 with alignment 
to the reference human genome (GRCh37/hg19) and base 
calling. Variant annotation and ranking were performed by 
VaRank (Geo&roy et  al., 2015) con!gured with the Alamut 
batch so"ware (Interactive Bioso"ware, Rouen, France). Filtering 
criteria were applied to identify the disease causing variations, 
including: (1) removing variants with an allele frequency >1% 
in public variation databases, such as the 1000 Genomes (%e 
1000 Genomes Project Consortium et al., 2015) and the ExAC/
gnomAD databases (Lek et  al., 2016) or our internal patient 
database (350 samples); (2) removing variants in 5' and 3' 
UTR downstream and upstream locations, respectively and 
synonymous variations without pathogenic prediction of local 
splicing e&ect. %e analysis was focused on compound 
heterozygous and homozygous variants consistent with a recessive 
mode of transmission. Each candidate variations were also 
checked using the Integrative Genomics Viewer (IGV) so"ware 
(%orvaldsdóttir et  al., 2012). %e ALMS1 nomenclature is 
based on the RefSeq (O’Leary et  al., 2016) accession number 
NM_015120.4 and the identi!ed variation.

DNA Analysis (PCR and Sequencing)
Sanger sequencing was performed using BigDye Terminator 
V1.1 Cycle Sequencing kit on an ABI3500 (Applied Biosystems, 
USA), according to the manufacturer’s instructions. Data were 
analyzed using SeqPilot (JSI Medical Systems, Germany; 
Figure  3). Primers are available in Supplementary Table  2.

A B

I

II

FIGURE 3 | Identi!cation of two pathogenic variations in ALMS1. (A) Targeted exome sequencing reads aligned to exon 1 and 5 of the ALMS1 gene, displaying 
the two heterozygous variations in IGV (Thorvaldsdóttir et al., 2012). (B) Pedigree of the family together with Sanger sequencing of exon 1 and exon 5. A red star 
indicates the variation. The index case (II.1) harbors two nonsense variations in ALMS1, the c.286C > T (p.Gln96*) is inherited from the father (I.1) and the 
c.1211C > G (p.Ser404*) is de novo.

Mauring et al,  Frontiers in Genetics 2020

…14-year-old female who presented with a very mild and unusual retinal phenotype 
displaying exclusive cone dystrophy with complete preservation of rod function on serial 
electroretinograms (ERGs), a cardiomyopathy, and a slight, bilateral, and symmetric hearing 
loss…. 



SUPPLEMENTARY DATA 

Supplementary Table 1. Synopsis of clinical and biochemical data of the proband. BMI: body mass index. OGTT: oral glucose tolerance test. HOMA: homeostasis model of 
insulin resistance. LH/FSH: luteinizing hormone/follicle sEmulaEng hormone. HBA1C: haemoglobin A1C. ACTH: adrenocorEcotropic hormone. TSH: thyroid sEmulaEng 
hormone. eGFR: electronic glomerular filtraEon rate. LFTs: liver funcEon tests. FBC: full blood count. ECG: electrocardiogram. US: ultrasound. MRI: magneEc resonance 
imaging. LEV: leN systolic ejecEon volume.  

DEVELOPMENTAL MILESTONES HEARING ASSESMENT 
(age 11)

ENDOCRINE PROFILE 
(age 13)

RENAL PROFILE and LIVER FUNCTION TESTS 
(age 13)

FBC 
(age 13)

CARDIAC 
ASSESSMENTS

Birth weight: 3270 g 
Birth height: 50 cm 
GestaEon: 40 weeks 

Independent walking: 14 
months 

Speech start: 12 months 

No sleep disturbance 

Normal intellect 

Bilateral tympanic membrane 
dullness 

Mild sensorineural hearing loss, 
predominantly in higher frequencies 
(2000-4000Hz) 

No hearing aids

BMI: 22.6 
Weight: 58.5kg 
Height: 161 cm 
Waist circumference: 72.5 cm 

Lipid profile: normal 

Pubertal stage: Tanner PIII, start age 11 
Normal oestradiol, testosterone, LH/FSH raEos. 
ProlacEn: 228 mUI/l 

Endocrine profile: normal 

HBA1C: 5% 
ACTH (ng/l): 55.7 
CorEsol (ug/l): 128 
TSH (mUI/l): 1.71 
free T4 (ng/l): 11.2  
free T3 (ng/l): 4.65  
LepEn (ug/l): 31.8  

OGTT: hyperinsulinism without glucose intolerance 
Glucose T0 (g/l): 0.88 
Insulin T0 (mUi/l): 20.7  
Glucose T30 (g/l): 1.8 
Insulin T30 (mUi/l): 188 
Glucose T60 (g/l): 1.58 
Insulin T60 (mUi/l): 180 
Glucose T120 (g/l): 1.38  
Insulin T120 (mUi/l): 120 
HOMA: 0.8 (>3= insulin resistance)

Normal renal funcEon 

Urea and electrolytes: 
Na+ (mmol/l): 138  
K+ (mmol/l): 4.3  
Cl- (mmol/l): 105  
Mg2+ (mmol/l): 0.83  
Urea (mmol/l): 3.6  
CreaEnine (mmol/l): 44.2  
Albumin (g/l): 42  
Calcium (mmol/l): 2.34  
Phosphate (mmol/l): 1.76  
magnesium (mmol/l): 0.83  
b2 microglublin (mg/l): 1.73  
a1 microglobulin (mg/l): <5.4  

Urinalysis: 
Albumin/creaEnine raEo (mg/mmol): 1.81  
Diuresis (ml/24 hours): 700  

CreaEnine clearance (ml/min): 45  
eGFR (ml/min/1.73m2): 90  
Normal LFTs

Normal ECG: normal profile 

Cardiac doppler US 
and MRI: 
Discreet reducEon 
of leN ventricular 
systolic funcEon. 
LEV: 58 % MRI, 50% 
doppler esEmates 

Grade I systolic 
hypertension: 
145/85 mmHg

Mauring et al,  Frontiers in Genetics 2020



We report on a pair of Irish siblings 
(male and female) with dilated 
cardiomyopathy (DCM) and cone-rod 
dystrophy born to non-consanguineous, 
phenotypically normal parents 


To our knowledge, this is the first 
report of AS without nystagmus, 
photophobia, obesity and hearing 
loss. 

hotspots and the atypical presentation in these siblings, the AS
diagnosis was excluded. Extensive investigations subsequently
excluded a wide differential but the cause of the disorder
remained unknown. We undertook whole exome sequencing to
identify the recessive gene responsible for the DCM and reti-
nopathy in this family.

2. Methods

2.1. Consent

Written informed consent was obtained from the patient’s
parents and the study was approved by the ethics committee of
Temple Street Children’s University Hospital, Ireland.

2.2. Exome sequencing

Exome sequencing was performed on genomic DNA from one
affected child (II:2). Libraries were prepared and hybridised with
the Sure Select 50 Mb Human All Exon capture probes (Agilent
Technologies, Santa Clara). The enriched libraries were sequenced
on an Illumina Hi Seq at GATC (Konstanz, Germany). The paired-
end reads were aligned to the hg18 reference genome with the
Burrows-Wheeler Alignment tool 0.5.7 [Li and Durbin, 2009].
Reads of inadequate sequence quality and potential PCR dupli-
cates were discarded. The quality scores for the aligned reads
were recalibrated using GATK [McKenna et al., 2010]. Regions
containing clusters of SNPs were identified and the reads in these
regions were realigned using GATK. Variants and indels were
identified using SAMtools [Li et al., 2009]. Assuming an autosomal
recessive model, we prioritised variants that were (i) autosomal,
(ii) homozygous or potential compound heterozygous, (iii) not
present in dbSNP130, (iv) absent or present with a frequency <1%
in our 50 Irish control exomes, (v) located within an SNP linkage
interval identified using Merlin (data not shown) and (vi) absent
or present with a frequency <1% in the NHLBI Exome Variant
Server database.

2.3. ALMS1 validation

PCR amplification and Sanger sequencing of the amplicons were
used to validate the ALMS1 NM_015120.4 variants identified by
exome sequencing (Supplementary Table S1).

3. Results

3.1. Clinical report

3.1.1. Patient II:1
Patient II:1 was born at term following an uneventful pregnancy

weighing 4.195 kg. At 10 days old shewas noticed to be a slow feeder.
At 4.5 weeks she was admitted to hospital with a 2/3 day history of
lethargy, poor oral intake and respiratory and cardiac distress and a
diagnosis of dilated cardiomyopathywasmade. Shewas commenced
on diuretics and digoxin and subsequently improved. At 9 months,
her heart function had almost normalised. She was commenced on
anACE inhibitor at age 8years andhas stable cardiac function.During
thefirst fewyearsof life, she experienced recurrentupper respiratory
tract infections, but these have lessened with time.

She was noted to have poor eyesight at 2 years of age and had a
reduction in her field of vision. She was prescribed glasses for
astigmatism. Although the retinae appeared normal, electroreti-
nography showed a flat response, confirming a coneerod dystrophy.
The visual acuity and the electrophysiology suggested that the cones
weremore affected than the rods, although the rods systemwas also
significantly affected. Significant visual impairment was diagnosed
at the age of 6 years. Her central vision continues to deteriorate but
theperipheral vision remains satisfactory. Currently, at aged11years,
she has no visual phenomena. An MRI brain scan was essentially
normal. Metabolic investigations were all within normal limits.

At age 6 years 4 months her weight was 24.4 kg (75th centile),
height 119.6 cm (75th centile) and head circumference 51 cm
(<50th centile). Repeat measurements performed aged 11 years
showed a weight of 43.2 kg (90th centile), height of 150.4 cm (90th
centile) and head circumference of 52.2 cm (<50th centile). Her
Body Mass Index is 18. General physical examination including
examination of the heart, lungs, abdomen, tone and reflexes was
normal. She has no dysmorphic features. Her general health is
good. Abdominal and pelvic ultrasound was normal. She has
dyslexia (10th percentile for reading), requires a special need as-
sistant in school and receives 3 h resource teaching a week.

3.1.2. Patient II:2
Patient II:2 was sent for cardiac assessment at 12 weeks of age

because of his sister’s history. This revealed a dilated cardiomyop-
athy and hewas treatedwith diuretics and digoxin. Hewas taken off
digoxin at age 5 years and commenced on an ACE inhibitor and an a/
b blocker. His left ventricle, however, remains enlarged on echo-
cardiogram.Ophthalmologyassessment at age1 years and2months
he was noted to be mild hyperopic with symmetrical degree of
astigmatism. A follow-up visit at age 1 year and 7 months showed
that vision in both eyes was 6/12 equivalent with Cardiff Cards. At
this time, the refraction was quite less hyperopic but a significant
astigmatic component remained. Ophthalmologic examination
found no specific features of metabolic or mitochondrial problems.
He has a history of recurrent upper respiratory tract infections. He
had a tonsil and adenoidectomydone and grommets inserted aged4
years. At age 3 years 7 months his weight was 17.4 kg (75th centile),
height 104 cm (75th centile) and head circumference 51.5 cm (50th
centile). At his most recent review, aged 9 years, the patients’ head
circumference was 54.1 cm (<50th centile), weight was 31 kg
(<75th centile) and height 137.4 cm (75th centile). His Body Mass
Index is 16.6. General physical examination including examination
of the heart, lungs, abdomen, gait, tone and reflexes was normal.

3.2. Exome sequencing

To identify the gene responsible for the DCM and retinopathy in
this family we undertook exome sequencing of one affected child

Fig. 1. Family pedigree. A non-consanguineous Irish family that includes two children
(female and male) presenting with an infantile dilated cardiomyopathy and coneerod
dystrophy.
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(II:2) (Supplementary Table S2). Assuming an autosomal recessive
model, our prioritisation strategy identified a single candidate
gene, ALMS1 (Supplementary Table S3). Both affected children
share two novel compound heterozygous frameshift mutations; a
paternally inherited deletion in exon 5 (c.777delT:p.D260fs*26) and
a maternally inherited insertion in exon 20 (c.12145_12146insC:
p.S4049fs*36) (Fig. 2). Validation and segregation of the ALMS1
variants with the disease phenotype was confirmed by Sanger
sequence analysis (Fig. 3).

3.3. Follow-up clinical investigations

The patients underwent general paediatric review following
confirmation of the Alstrom diagnosis (Table 1). Cardiac function
remains satisfactory with current medication. Both children have
visual impairment which is more severe in the older affected child
(II:1). Importantly, both children are not overweight. Their Body
Mass Index (BMI) is in the normal range. In the affected female
(II:1), pulmonary function tests indicated mild small airways dis-
ease/asthma. This was not noted in the affected male (II:2). Initial

testing in the affected female (II:1) showed abnormal liver function
tests which have normalised over the past 6 months. A very mild
coagulation abnormality with normal synthetic function was also
detected in both patients but was considered to be drug-related. A
hearing test showed a slight dip at high frequencies within normal
thresholds in II:1 which is asymptomatic. The hearing test in II:2
was normal.

4. Discussion

Clinical diagnostic criteria are essential tools to aid the clinician to
determine when and when not to order expensive genetic tests.
However, clinical diagnostic criteria for disorders such as Rett and
BeckwitheWiedemannsyndromehavebecomeobsolete as itbecame
apparent that many cases had mutations in the associated disease
genes despite not meeting the diagnostic criteria. When the Alström
gene was identified, the size and nature of the gene precluded
comprehensive sequencing as a diagnostic test. A testing strategywas
adopted which required at least one mutation to be identified in the
mutational hotspots before further analysis was pursued. Patients

Fig. 2. Schematic representation of ALMS1 mutations. The paternally inherited exon 5 deletion causes frameshift at residue 260 and introduces a premature stop codon at residue
284, eliminating 3908 wild-type amino acids. The maternally inherited insertion in exon 20 causes frameshift at residue 4049 and premature termination at residue 4081. The
frameshift occurs directly within the ALMS motif (residues 4035e4167). The ALMS1 mutational hotspots are denoted with an asterisk (*). Four reported patients have two ALMS1
variants (homozygous or compound heterozygous) outside of the mutational hotspots. The exonic location of these atypical variants is denoted with cross-hatching and the exons
are outlined in bold.

Fig. 3. Sanger sequence validation of ALMS1 frameshift mutations. Both affected children are compound heterozygous for a paternally inherited 1 base-pair deletion in exon 5 and a
maternally inherited 1 base-pair insertion in exon 20 of ALMS1. The healthy sibling (II:3) is a carrier of the exon 20 insertion but did not inherit the exon 5 deletion.
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without mutations in the hotspots were re-assessed clinically and
alternative diagnoses pursued. We have identified novel compound
heterozygous truncating mutations in ALMS1, the gene associated
with Alström Syndrome, in non-consanguineous Irish siblings with
an atypical presentation. The absence of a number of key clinical
features (obesity, nystagmus, photophobia, short stature and hearing
loss) together with the absence of a mutation in the ALMS1 hotspots
had initially deterred us from this diagnosis. Our study suggests that
the current clinical diagnostic criteria and genetic testing strategywill
miss atypical cases.

Similar to the reported AS disease mutations, the mutations
identified in the patients in the current study (a deletion in exon 5
and an insertion in exon 20) are also frameshift and result in pre-
mature protein truncation. The exon 5 deletion causes frameshift at
residue 260 and introduces a premature stop codon at residue 284.
The resulting truncated protein lacks 3908 wild-type amino acids
(93.8%) and is predicted to undergo non-sense mediated decay. The
1 base-pair insertion in exon 20 causes frameshift at residue 4049
and premature termination at residue 4081. Although located at the
C-terminus of the transcript, the frameshift occurs directly within
the ALMS motif (residues 4035e4167) which is part of the C-ter-
minal portion of ALMS1 that contributes to centrosome targeting.
Examination of ALMS1 localization to the centrosomes by Knorz
and colleagues showed that constructs lacking the 30 end (3176e
4167) of ALMS1 showdiffuse or less compact chromosomal staining
and constructs missing from residues 5 onwards show no detect-
able centrosomal staining [Knorz et al., 2010]. Therefore, based on
the work of Knorz et al. [2010], it is likely that both mutant proteins
identified in the affected siblings will show reduced or absent
localization to the centrosomes.

The variants identified in our patients are outside of the muta-
tional hotspots and are the first report of mutations in ALMS1 exons
5 and 20 [Astuti and Barrett, 2014]. Review of the EURO-WABB
ALMS1 LOVD genetic database and PubMed identified four pa-
tients with two pathogenic ALMS1 variants, both located outside of
the ALMS1 mutation hotspots (Supplementary Table S4). The
phenotype of these four patients (with variants in exons 6, 11, 17
and 18) is different from the patients reported in the current study
(with variants in exons 5 and 20) but also deviates from the clas-
sical AS presentation; one or more common AS features are absent
and additional non-AS features are present in some patients. The
spectrum of clinical features in patients with two variants outside
of the commonly mutated ALMS1 exons 8, 10 and 16 varies greatly
and no genotypeephenotype correlation is apparent. We
hypothesise that the nature and location of the ALMS1 mutations
may account for the atypical presentation in the siblings reported
in this study. It is plausible that themilder phenotype of the siblings
described here relates to this mutation in exon 20 which is located

towards the 30 end of the 23 exon ALMS1 gene. Three ALMS1 iso-
forms have been reported with different tissue-specific expression
and function [Collin et al., 2012]. ALMS1 isoform 3 lacks exon 20
(one of the exons mutated in these children). It is possible that
expression of ALMS1 isoform 3 in the brain results in a mixture of
wild-type (isoform 3 lacking exon 20 mutation) and mutant ALMS1
protein in these tissues, possibly sparing the patients from obesity
and hearing loss.

Childhood-onset obesity is a cardinal feature of AS and a normal
BMI (<25 kg/m2) is extremely rare. Childhood hyperphagia has
been suggested as a possible issue contributing to obesity, although
the evidence remains anecdotal [Maffei et al., 2002; Marshall et al.,
2005]. It has been proposed that a defective ALMS1 protein in the
brain and pancreas could impair normal functioning of satiety
factors leading to overeating [Marshall et al., 2011]. Another
possible explanation for childhood obesity in AS relates to the role
of ALMS1 in ciliary function. Obesity in ciliopathic syndromes
suggests cilia are utilised in the neural circuitry that monitors food
intake [Louvi and Grove, 2011]. There have been three published
reports of patients with AS but without obesity, although the spe-
cific ALMS1 mutations in the patients were not reported [Koc et al.,
2006; Marshall et al., 2011].

To our knowledge, this is the first report of AS without
nystagmus, photophobia, obesity and hearing loss. Although the
updated 2013 guidelines recommend sequencing of all ALMS1
exons, the patients in our study do not meet the criteria for a
clinical diagnosis of AS (due to the absence of photophobia) and
hence would not warrant ALMS1 sequencing under current guide-
lines [Marshall et al., 2013]. The atypical presentation in the siblings
described here suggests that the diagnostic criteria for ASmay need
to be broadened to include patients with an isolated eye and heart
phenotype. Our study expands the clinical spectrum associated
with ALMS1 mutations and supports complete ALMS1 gene
sequencing in children that present with infantile cardiomyopathy
and retinopathy, even in the absence of the full complement of
classical AS features.
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summary.cgi?build_id¼130.

NHLBI Exome Variant Server database: http://evs.gs.washington.
edu/EVS/.

Table 1
Clinical investigations after molecular diagnosis of atypical Alströms.

Test performed Female II:1. Age 11 years Male II:2. Age 9 years Expected features in Alström syndrome

Current weight (kg) 43.2 (90th ctl) 31 (<90th ctl) Childhood truncal obesity
Current height (cm) 150.4 (90th ctl) 137.4 (75e90th ctl) Short stature (height <50th ctl)
Current head circumference (cm) 52.2 (<50th ctl) 54.1 (<98th ctl) Normal
Current body mass index 18 (<10th ctl) 16.6 (<20th ctl) Increased BMI (>95th ctl)
Alanine aminotransferase (<35 IU/L) 54, 76, 25 22 Elevated; indicative of liver dysfunction
Aspartate aminotransferase (<40 IU/L) 50 23 Elevated; indicative of liver dysfunction
Gamma glutamyl transferase (<25 IU/L) 75, 77, 48 24, 19 Elevated; indicative of liver dysfunction
Alkaline phosphatase (<300 IU/L) 223, 265, 216 176, 207 Elevated; indicative of liver dysfunction
Activated partial thromboplastin time (20.8e30.8) 33.9, 32, 31.5 32.3, 32.5 N/A (indicative of liver dysfunction)
Prothrombin time (9.6e11.8) 12.1, 11.8, 11.9 12.1, 11.9 N/A (indicative of liver dysfunction)
Fasting lipid profile (cholesterol and triglycerides) Normal Normal Elevated triglycerides and cholesterol
Renal function (sodium, creatinine, potassium, urea) Normal Normal Elevated; indicative of renal dysfunction

General paediatric reviews relevant to Alström Syndrome were undertaken following identification of the ALMS1 variants. The normal ranges are reported in brackets in the
left-hand column. Measurements outside of the normal range are shown in bold. Repeat tests were performed five weeks apart. Abbreviations: ctl; centile.
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Twin A Twin B

3 wks DCM: no symptoms FE 50% DCM: symptomatic; FE 30% —> 60%

1-3 yr 25th centile weight 5th centile weight

19 m Nystagmus Nystagmus

5 yr Visual acuity 20/300 - cone dystrophy Visual acuity 20/300 - cone dystrophy

8 yr Visual acuity 20/400 - 20/200; normal rods Visual acuity 20/400 - 20/200; normal rods

Mild elevation BG, BUN/creatinine, triglycerids

11 yr Slight moderate hearing loss —> hearing aids at 
school recommended Normal hearing tests



Mild phenotypes have several implications:


• The atypical presentation suggests that the diagnostic criteria for AS may need 
to be broadened to include patients with a mild phenotype (isolated cone 
dystrophy; normal weight; body shape…) 


• A thorough systemic evaluation is needed to avoid misdiagnosis. In view of the 
mild phenotype, the AS diagnosis could be initially questioned. 


• The mild phenotype could spare the patient’s fertility thus increasing the 
chances of pregnancy. 


• Patients with missense variants could display a mild atypical retinal phenotype.

• At least three ALMS1 isoforms have been reported in mice with different 
tissue-specific expression and function. The type and location of ALMS1 
variations could play a role in the phenotypic presentation of AS.



Thank you !

Gabriella Milan, Sonia Leandri, Silvia Bettini, Roberto Vettor, 
Francesca Dassie, Francesca Favaretto


