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ABSTRACT

Alstrém syndrome (ALMS) is an autosomal recessive disorder characterized by multiple organ involve-
ment, including progressive cone-rod dystrophy, sensorineural hearing loss, childhood obesity, and type
2 diabetes mellitus. Pathogenic variants in the ALMS1 gene are the known cause for the occurrence of
this devastating condition.

Here we report on a 12 year old boy referred to the University Clinic with early signs of impaired hearing
and vision, obesity, and scoliosis. Central vision was first affected, followed by peripheral vision. In ad-
dition, his weight began increasing after the age of two years, reaching 78 kg at a height of 157 cm (BMI
31.64). No polydactyly was present. His mental development was normal in spite of his hearing and vision
impairments. There was acanthosis nigricans on the neck. ECG and the cardiac ultrasound were normal.
At the age of 12 years, his testicles are 12 ml and his pubertal status is P2 A2. OGTT revealed impaired
glucose tolerance with elevated insulin concentrations 121ulU/mL (reference range 2,00-29,1 ulU/mL).
Renal function was unaffected, liver functions were normal. Uric acid and lipids were within normal plas-
ma concentrations. A Whole Exome Sequencing was performed and a homozygous ALMS1 pathogenic,
frameshift gene variant (LRG_741t1(ALMS1):c.4156dup; p.Thr1386AsnfsTer15) was determined as the
cause of the disease. Both parents were carriers for the variant. The absence of mental retardation and
polydactyly differentiates Alstrom and Bardet-Biedle syndrome.
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INTRODUCTION

Alstrém Syndrome (ALMS) is a multi-
system disorder characterized by progressive
cone-rod dystrophy, sensorineural hearing loss,
cardiomyopathy, renal dysfunction, extreme in-
sulin resistance (IR), childhood obesity, and type
2 diabetes mellitus [1]. The diagnosis of ALMS
can be challenging as some features begin at

birth and others emerge later in childhood. There
is considerable variation in the clinical presenta-
tion within and among families. The disease is
relentlessly progressive in nature [1, 2].

ALMS is a monogenic disorder caused by
homozygous or compound heterozygous vari-
ants in the ALMSI1 gene. Of the 268 pathogenic
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variants identified so far, 96% are nonsense or
frameshift changes (insertions and deletions) [3].

We report a severe phenotype in a 12
year old boy with a homozygous ALMSI gene
pathogenic variant c.4156dup (p.Thr1386Asnf-
sTerl5).

PATIENT AND METHODS

A 12 year old child was admitted to the en-
docrinology department of the University Clin-
ic for Paediatrics in Skopje with a high fasting
glycaemia of 10 mmol/L (4.10-5.90 mmol/L ),
obesity and acanthosis nigricans on the neck.
The child had early signs of impaired hearing
and vision. There are no similar manifestations
in the family.

Central vision was first affected, followed
by peripheral vision. In addition, his weight start-
ed to increase after the age of two years, reach-
ing 78 kg at a height of 157 cm (BMI 31.64).
No polydactyly was present. His mental devel-
opment was normal, in spite of his hearing and
vision impairments.

ECG and the cardiac ultrasound were nor-
mal. At the age of 12 years, his testicles are 12 ml
and pubertal status is at P2 A2. OGTT revealed
impaired glucose tolerance, with elevated insu-
lin concentrations 121ulU/mL (reference range
2,00-29,1 ulU/mL). Renal function was unaffect-
ed, liver functions were normal. Uric acid and
lipids were within normal plasma concentrations.

Whole-exome sequencing was per-
formed in the proband using an Illumina No-
vaSeq 6000 sequencer and Twist Human Core
Exome Panel (Twist Bioscience). ACMG
guidelines were followed for the pathoge-
nicity assessment of identified variants. The
analysis revealed a homozygous pathogen-
ic variant LRG 741t1(ALMSI):c.4156dup;
p.Thr1386AsnfsTer]lS in exon 8  of
the ALMSI1 gene (fig.1). The variant is an in-
sertion of one nucleotide-adenine, changing the
amino acid threonine with asparagine at position
1386 and the reading frame leading to termina-
tion of protein synthesis after 15 amino acids.
The variant was classified as pathogenic in the
ClinVar database (ID:210127) and it has al-
ready been reported in the literature as a cause of
Alstrom disease [7]. Sanger sequencing of exon 8
in ALMSI1 gene was performed with BigDye v.1

(Thermo Fisher) on an ABI 3500 genetic analy-
ser (Applied Biosystems). This was performed
for confirmation of the result. Both parents were
found as a carriers for the ALMSI1 c.4156dup;
p-Thr1386AsnfsTerl5 gene variant.

Normal: CGAAGAGACATACAAC
Mutant: CGAAGAGACATACAAC

ALMS1:c.4156dupA
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Figure 1. Sanger sequencing confirmed the homozy-

gous insertion of adenine at codon 4156 in exon 8 of

the ALMSI gene in the proband. Both parents were
heterozygous for the insertion.

DISCUSSION

As ALMS has a variable sequence of oc-
currence of symptoms, oftentimes over a long
time frame, the diagnosis can be challenging [4].
Additional problems are often related to limited
access to genetic testing in countries with limited
resources as well as the rarity of the syndrome.
Taken together with the rarity of ALMS, with an
incidence estimated at 1/1,000,000 children [5],
children often face a long road to proper diagno-
sis. Therefore, diagnostic criteria which rational-
ly consider major and minor criteria in different
age groups is of utmost importance [6]. Our pa-
tient, a boy aged 12 years, fulfilled the criteria
for his age group, having two major criteria: both
alleles with ALMS1 mutation and vision loss,
due to cone dystrophy. The boy had obesity, in-
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sulin resistance, and hearing loss, all are taken
as minor criteria [6]. A somewhat similar history
of symptom occurrence, as found in our patient,
have been reported [7]. An adult male lost his
vision when he was two years old and lost his
hearing at seven years old. This was followed
with diabetes at 12 years, and sequentially with
autism, severe hepatic dysfunction, and pulmo-
nary dysfunction, hyperlipidaemia, hypogonad-
1ism, GERD, and scoliosis [7]. The authors also
reported an earlier onset of ALMS in a 12 year
old girl who lost vision at the age of six years
and then developed dilated cardiomyopathy, hy-
pertension, diabetes, hepatic dysfunction, and
obesity.

Kuburovi¢ et al. (2013) [8] reported on
a patient with an unusual clinical presentation
and a heterozygous ALMSI1 pathogenic vari-
ant in exon 16, c.10568 10569delAT; p.His-
3523Terfs17. The clinical features included
centripetal obesity with selective loss of adipose
tissue in his legs and gluteal region, acanthosis
nigricans, gynecomastia, scoliosis, glomerulop-
athy, subclinical primary hypogonadism, restric-
tive filling of the left ventricle, and significant
early atrial contraction. Their second patient had
epilepsy at the age of two years, followed by
vision and hearing impairments, hypertension,
hepatic dysfunction, mental retardation (IQ 40),
hypogonadotropic hypogonadism, renal dys-
function, acanthosis nigricans, and truncal obesi-
ty with reduced femoral-gluteal fat. The authors
propose that variable neurological involvement,
including seizure activity, should be included as
a rare occurrence, and as a part of the phenotypic
spectrum of ALMS [8].

Dilated cardiomyopathy [9] was noted as
a leading symptom, while ALMS was also un-
derstood as a model for diabetes mellitus type 2
[10]. Non-classical phenotypes are also report-
ed [11] in a patient with exon five compound
variants of (c.777delT:p.D260fs*26) and exon
20 (c.12145 _12146insC:p.S40491s*36). The au-
thors concluded that the current diagnostic cri-
teria might not properly diagnose some ALMS
patients [11].

The challenge in diagnosing ALMS is sig-
nificant. In our patient, identification of a patho-
genic variant ¢.4156dup (p.Thr1386AsnfsTer15)
in the ALMSI gene in homozygous state made
the diagnosis and shortened the diagnostic voy-
age. Unfortunately, two disease-causing mu-
tations are not always easily discovered as the

gene is huge (23 exons). Therefore the set of di-
agnostic criteria devised for different age groups
(infants under the age of two, children aged three
to fourteen, and adolescents/adults above the age
of fifteen) (Marshall JD et al 2007) [6]. The pe-
riod between the occurrences of first symptoms
to final diagnosis can be significantly shortened
via careful clinical examination of all signs and
symptoms mentioned in the table of diagnostic
criteria.

Early attention to the set of clinical signs
and symptoms in our patient could have also
shortened the long diagnostic voyage of our pa-
tient. Namely, blindness, obesity, hearing loss,
no polydactyly, and mental retardation (Bar-
det-Biedle syndrome) are sufficient enough to
choose a direct genetic analysis.
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Pe3ume

AJICTPOM-CUHAPOM CO PAHO OHITETYBAIBE HA BUAOT U HA CJIIYXOT
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! YHuBep3uTeTCKA KIMHKKA 3a nenujaTpuja, Menuuuacku dakynrer Cromje, PC Makenonuja

? VHUBEp3UTETCKA KIMHHUKA 32 SHIOKPHHOJIOTH]a, T1jadeT 1 0OJeCTH Ha METabOIU3MOT, MeIuInHCKA
¢axynrer Cromje, PC Makenonuja

* Make/IoHCKa akaJieMHija Ha HayKUTe ¥ YMETHOCTHTE, MICTpa)kyBauKH [IEHTap 3a TEHETCKO HHKEHEPCTBO
u Ouorexnosoryja ,,l eopru Eppemon®, Cromje, PC Makenonuja

Ancrpom-cuaapoMoT (AJIMC) e aBTOCOMHO peliecCHBHO HapyLIyBambe, KOe ce KapakTepu3upa co
adeximja Ha TOBEKE OpraHu, BKIYUIyBajKH IPOrpecuBHA JUCTPOdHja Ha CTATYNbA U YyHYHIbA BO OKOTO,
CEH30-HEBpaJIeH I'yOUTOK Ha CITyX, [10jaBa Ha 00e3HOCT Kaj Aenara u nujadet tun 2. [laTorenunrte BapujanTH
Ha reHoT ALMS|1 ce no3Hatu npuumHH 32 1I0jaBa Ha OBa 3a00JTyBambe.

Osga e cnyyaj Ha 12-rogumiHO MOMYE IITO Oelle YyInaTeHO Ha YHHBEP3UTETCKaTa KJIMHHUKA 3a I1e-
JIjaTpyja Mopaayd paHu 3HALM Ha OLITETEH CIyX M BUJ, 00€3HOCT U ckoinuosa. Hajnmpso Owmi 3acerHar
LEHTPAJIIHUOT BH[, 110 IITO clieqyBaia adexuuja u Ha nepudepHuot. [lokpaj Toa, 3amounyBajku o1 2-ro-
JMIITHA BO3PAcCT, HEroBaTa TeJeCcHa TeKMHA IIOYHaJIa J]a Ce 3roJieMyBa, 3a Ja JIOCTUTrHe 78 kg Ha BUCHHA O]
157 cm (BMI 31,64). He Gee npucytHa nonuaaktundja. HeroBuor MenTaieH pas3soj Oeile HopMajieH 1
IIOKpaj OLITETyBamara Ha CIIyXOT U Ha BUAOT. Ha Bparot nmae acanthosis nigricans. EKI'-to u exocono-
rpadujara Ha cpueto 6ea ypeanu. Ha 12-ropuiina Bo3pacT HeroBute Tectucu ce 12 ml, a myOeprerckuor
craryc ¢ P2 A2. OI'TT oTkpu HapyuiyBame Ha ToJepaHIMjaTa Ha [IyK03a, CO MOKa4eHO HUBO HA MHCY-
muH 121 ulU/ml (pedepentnu Bpennoctu 2-29,1 ulU/ml). Penannara u xenaranHara ¢pyHkiuja He Oea
3acernara. MoyHara KJIMCENIMHA U JIMIUIUTE BO cepyM Oea BO rpaHUIMTE Ha peepeHTHUTE BPEAHOCTH.
Beme nanpaseno WES, un xomo3urorna ALMS|1 narorena myTtanujara mto BOAX 10 IPOMEHA Ha paMKaTa
(LRG_741t1(ALMS1):c.4156dup; p.Thr1386AsnfsTer15) Gerre najaena xaxo npuunHa 3a Oonecra. /{Baj-
LaTa poANTENN ce HOCUTEIH Ha oBaa BaprjaHTa. OTCYCTBOTO Ha MEHTAJIHA peTapAalija U NOIUAaKTUINja
ro nudepeHnrnpaa CHHAPOMOT AJICTpoM ox cuHapoMoT bapaer bur..

Kayunu 300poBH: AJNCTPOM-CHHAPOM, TUCTpO(dHUja HA PETUHAIHH CTAluUbha U YyHUUEHA, CCH-
30-HEBpaHa TTyBOCT, reH ALMS1



