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PE3IOME

CUHOPOMAJJIBHOE OVICIUIIUIEMMUS - KITMHUYECKUN CTTYYA CEMbU
C CMHOPOMOM AJIBCTPEMA.

CunppoM Anbctpéma. (ALMS) sIB/IsIeTCS ayTOCOMHO-PelleCCUBHBIM 3a00/IeBaHyeM, BBI3BAHHBIM MyTallUsAMMU B TeHe
ALMS]. Ilpencrapnsietcst cnyd4ail ceMby (ManbuuK - 9 Mec. 1 ileBouka 17 - 7ieT), B KOTOPOIi IIepBOHAYA/IBHO JUATHO-
CTMpOBaH HUCTArM, porodobus u gucrpodus cerdyarkn. Pusndeckoe ob6crIenoBaHMe M aHAIN3 UCTOPUM 6ONIE3HN
IIpefIonaraay CMHApoM ANbCcTpéMa. AHaMN3 CeKBEHMPOBaHIA 3r30Ma BbLABI/IA B reHe ALMSI fBe reTeposuroTHele
myraunu: (¢.8164C> T (p.Arg2722 *) B sx3oHe 10 u ¢.8656 C>Tp.(Arg2886) chr2) rena ALMSI, 4T0o IOATBEPANIIO AM-
arHo3. [TanyeHTs! ¢ CMHAPOMOM ATBCTPEMA JOCTUTAIOT B3POCIIOrO BO3pacTa CO 3HAYUTENbHBIM OpeMeHeM 3abomeBa-
HYISI, KOTOPOE TIOCTOSIHHO CHIDKAET KauyeCTBO MX XU3HU. JucTpodust ceTyaTKu, OXKMpeHne, MHCYIMHOPE3UTEeHTHOCTD
caxapHblil iabeT 2 THIIA, [JBYCTOPOHHSISI HEMIPOCEHCOPHAst TYTOYXOCTb M HUSKUII POCT — BOT JIMIIb HEKOTOPBIE U3
MHOTUX IP06JieM, BOSHUKAIOIIMX TIPY BeeHNM 3TUX ITalVIeHTOB. [JUCINIINIeMIIO TIPY TIATeTbHOM HaOJIIOfleHNH 1
paHHeM BbIABIIEHMEM MOXKHO JIEYNTD, CTIeAYys U3MeHeHMeM obpasa >KusHM, a PapMaKoIOrndecKye BMeaTebCTBa
Heo6XxoauMbl 1 9 (PeKTUBHOTO edeHNs C Le/bl0 NMPefOTBPAIleHNs CepAeYHO-COCYAUCTBIX 3abomeBanmit. Jyc-
NUOUEeMUS SBJISIETCS KaK MPaBUIO Pe3y/lbTaToM HecOa/laHCHPOBAHHOI [AMETHI, HO B JaHHOM Cily4ae, HapylleHue
IIPefiCTaB/IEHO KaK CYMIITOM IIPOSIB/IEHNMs TeHETUYECKOTO paccTpoiicTBa (Alstrom syndrome).

KiroueBble- cmoBa: cuaipoM AnbeTpéma; AJIMC; oxupeHne; MHCYTNHOPE3UCTeHTHOCTD; fuabeT

REZUMAT

DISLIPIDEMIA SINDROMALA - RAPORTARE DE CAZ CLINIC
A UNEI FAMILII CU SINDROM ALSTROM

Sindromul Alstrom (ALMS) este o patologie recesivd autozomald cauzatd de mutatii ale genei ALMS1. Raportim
cazul unei familii cu 2 copii (baiat 9 luni si o fetitd de 17 ani), diagnosticati initial cu nistagmus, fotofobie si
distrofia retinei. Datele anamnestice, obiective si clinice au determinat suspectia sindromului Alstrom.
Analiza prin secventiere a intregului exon a relevat 2 variante heterozigote ale genei ALMSI: (c.5926delGp
Glu19765erfs.8¢chr2.73679577 si ¢.8656 C>Tp. (Arg2886) chr2.737177739). ceea ce a confirmat diagnosticul.
Pacientii cu sindromul Alstrom ating varsta adultd cu o povara semnificativa a bolii care le reduce continuu
calitatea vietii. Distrofia retinei, obezitatea, diabetul zaharat de tip 2, insulinorezistenta, surditatea neuro-senzoriald
bilaterald si hipostatura sunt doar citeva dintre numeroasele provociri ale managementului acestor pacienti.
Aceste tulburari pot fi controlate prin detectarea lor precoce si monitorizarea adecvatd. Dislipidemia usoara pana
la moderaté poate fi gestionatd prin respectarea modificérilor stilului de viatd, iar interventiile farmacologice sunt
esentiale pentru un tratament eficient in vederea prevenirii bolilor cardiovasculare. Dislipidemia este generatd
de o alimentatie dezechilibrata, dar in cazul prezentat, aceasta a servit ca unicul semn biochimic din cadrul unui
sindrom genetic (Alstrom syndrome).

Cuvinte-cheie: Sindrom Alstrom: ALMS; obezitate, insulinorezistentd; diabet
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Introduction

Alstrom syndrome is a rare genetic autosomal recessive
disease characterized by multi-systemic involvement,
produced by a mutation in the ALMSI gene, located on
chromosome 2p13 [3]. It has a prevalence of < 1/100 000.
Alstrom syndrome (AS) was first described in 1959 by
Alstrometal.[1,2]. The ALMSI gene contains instructions
for creating (encoding) a specific protein known as
ALMSI. The role and function of this protein in the
body is involved in ciliary function, cell cycle control and
intracellular transport. The ALMS]1 protein is expressed
in all organ tissues of the body (ubiquitously expressed).
Regarding the fact that symptoms of Alstrom syndrome
vary greatly among family members, researchers suspect
that additional genetic or environmental factors may play
a role in the development and progression of Alstrom
syndrome. This gene encodes a protein whose mutation
leads to progressive fibrosis of various organs characterized
by cone-rod dystrophy, hearing loss, childhood truncal
obesity, insulin resistance and hyperinsulinemia, type 2
diabetes, hypertriglyceridemia, short stature in adulthood,
cardiomyopathy, and progressive pulmonary, hepatic,
and renal dysfunction. Symptoms first appear during
childhood and the progressive development of multiorgan
pathology reduces life expectancy. [2,4].

Prior to the discovery of ALMS1 mutations, the diagnosis
was made solely based on phenotype. However, the high
degree of variability, even within families, creates difficulties
for a universal definition. [5]. Ocular involvement is a
cardinal sign of AS [5], that leads to progressive visual
dysfunction and blindness, usually during the second
decade of life. In addition, around 80% will develop
neurosensorial hearing loss that will progress throughout
life [1,5,6] . Birth weight is normal in infants with Alstrém
syndrome, but excessive eating beyond the normal need to
satisfy hunger (hyperphagia) and rapid weight gain may
occur during the first year of life. Some affected children
develop childhood truncal obesity, a condition in which fat
is disproportionately distributed on the abdomen and chest
rather than the arms and legs. As affected individual’s age
rises, some may see their body weight fall, often regaining
normal or slightly above-average weight for their size.
Childhood obesity is a common and early manifestation
that is usually accompanied by a characteristic phenotypic
expression. The affected individuals often develop type 2
diabetes with insulin resistance and hyperinsulinemia,
as well as hypertriglyceridemia. Affected individuals
may also have elevated levels of certain fats (lipids) in
the blood (hyperlipidemia). Hyperlipidemia is usually
characterized by elevated triglycerides in the blood
(hypertryglyceridemia), which can cause inflammation of
the pancreas (pancreatitis). Pancreatitis can be associated
with abdominal pain, chills, jaundice, weakness, sweating,
vomiting, and weight loss. The prognosis is variable and
will depend on the progression of the involvement of the
different organs and systems. Life expectancy is usually
less than 50 years. [5]. Although there is no specific
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treatment, and measures should be targeted to treat
damage to each of the different systems, early diagnosis,
a multidisciplinary approach and appropriate prevention
strategies will slow progression and thereby improve
patient survival.

Case report. We are reporting on a case of a non-
consanguineous healthy couple that required the
first medico-genetic consultation in relation to their
3 children. They observed that their youngest child
started to develop the same symptoms from the age
of 5 months similar to those as their oldest girl, that
gradually developed a severe mental retardation after
2 years old, uninvestigated before. Their oldest girl
from the first pregnancy of mother was born at term
without any peculiarities in pregnancy or at birth. Her
neuropsychic and motor development during the first
two years was practically certified in acceptable limits,
with some particularities of excessive weight gain
(more than 1 kg/month), somewhat short of energy,
speech development deficiency (until 2 years old she
tried to repeat only some syllables), overall suggestive
of Prader-Willi Syndrome, but not investigated later. At
the age of 6 months, during routine neurological follow-
up nystagmus and photophobia have been attested, for
which no specific investigations were conducted. After
the age of 2 years old, a progressive neuropsychomotor
delay was observed with the occurrence of stereotypical
movements, signs of atypical autism, gradual loss of
vision (at the age of 14-15) and cognitive acquisition,
including verbal activity. There were suspected some
pathological conditions during her pediatric control, but
no specific investigations to confirm the diagnosis were
recommended at that time. From the age of 13 years old
there were seizures attested, partially responsive to anti-
epileptic treatment. Presently, the older girl is 17 years
old, with severe neuropsychomotor delay, complete loss
of vision, she can hear, move with support, often in a
flexed position, has some elementary autonomy (can
go to the bathroom alone, led by someone because she
cannot see), eats unaided, does not talk, sometimes
experiences seizures. No metabolic and/or genetic
investigations were performed before to elucidate the
diagnosis. From the secondary pregnancy, the couple has
a healthy girl of 9 years old. From the third pregnancy,
the family has a boy born at term by caesarean section
with normal body weight (2890g). During pregnancy;,
mother mentioned anxiety, a non-invasive prenatal
(extended) test has been performed without any major
suspicion, including Prader-Willi Syndrome, for which
the first girl was suspected in her first year of life. In the
first months of life, parents had no concerns regarding
developmental milestones of child. In contrast, from the
age of 5 months old, a horizontal left nystagmus occurred
and after ophthalmologic examination partial optic
atrophy was determined. Then, at the 9 months of age,
the child developed pronounced distressing photophobia
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and photosensitivity when outside in daylight. All other
developmental categories were appreciated within
normal limits. He has been reviewed by pediatricians,
neurologists and geneticists. Due to the similarity
between the boy's clinical manifestations (horizontal
nystagmus, photophobia) and the onset manifestations
of the affected girl (table 1) there was a genetic disorder

INSTITUTUL MAMEI $I COPILULUI
SOCIETATEA DE PEDIATRIE DIN REPUBLICA MOLDOVA

not raise the suspicion of a dysfunction in an extended
panel.

Organic acids in the urine were also negative. At the same
time the karyotype was recommended to be analyzed,
which revealed normal result (46, XY). Considering the
insignificant results of the biochemical and metabolic
investigations for the establishment of a final diagnosis,

Table 1. Clinical manifestations in affected children.

Clinical presentation Patient I Patient IT
Sex Boy Girl
Age 9 months old 17 years old
Birth weight (g) 2890 3150
Diminished visual acuity - + (observed at 2 years old)
Photophobia + +
Nystagmus + (from 5 months old) +
Reduced ERG + +
Sensorineural hearing loss - Conductive hypoacusis (5 years)
Obesity + (2 years) + (4 years)
Insulin resistance - +(14 years old)
Diabetes - +(15 years old)

Endocrine involvement
(2 years)

Subclinical hypothyroidism

Subclinical hypothyroidism
(4 years)

Hpertriglyceridemia + (2 years old)

+ (3 years old)

Renal involvement -

Episodes of pyelonephritis

Orthopedic involvement -

Scoliosis (5 years)

Liver involvement -

Elevated transaminase levels
(5 years)

suspected and probably an inborn error of metabolism.
There were considered many disorders as Neuronal
Ceroid Lipofuscinosis or a multisystem affecting disease
as mitochondrial disease or even Congenital Disorder
of Glycosylation as well. Considering the difficulty of
investigation of the the girl, a decision was made to
begin the investigation of the boy through biochemical
and metabolic work-up analysis has been performed.
The biochemical analysis of blood revealed low Fe-
2,86 mmol/L(ref. val: 4,8-19,5 mmol/L), high level
of Cholesterol-8,05 mmol/L(ref. val.: 0-52 mmol/L),
LDL-Cholesterol-5,64 mmol/L(ref. val.: <2,59 mmol/L),
Triglycerides-2.06 mmol/L(ref. val.: <1,7 mmol/L, upper
limit-1,7-2,25 mmol/l) and LDH-586

U/L (ref. val.:207-414 mg/L). The metabolic investigation
showed slightly elevated value of Ammonia-79,8 pmol/L
(ref. val.:16-60 umol/L) and Lactic Acid-2,4 mmol/L(ref.
val.: 0-2,2 mmol/L) that were currently insignificant.
There were determined extremely minor deviations in
the plasma and urinary amino acid content that were
not suggestive of any primary disorders of amino acid
metabolism or their reabsorption. Testing for metabolic
diseases (aminoacidopathies, organic acidurias, fatty acid
oxidation defects) by LC-MS/MS from DBS method did

the sequencing of the whole exome (WES) of two affected

children (the youngest boy and the oldest girl) and the

parents has been recommended. The WES identified two

heterozygous variants in the ALMS]I gene (table 2).

Interpretation:

e 5926delGp (Glul9765erfs.8) which leads to a
frameshift effect, results in a premature stop codon, and
subsequent mRNA degradation (nonsense-mediated)
or truncation of the protein. Parallel analysis of parents
and the affected sister WES data revealed that the sister
and mother are heterozygous carriers of this variant.
The variant has already been described in the literature
as pathogenetic for mitogenic cardiomyopathy, which
might be considered as early presentation of the
Alstrom syndrome (PMID: 24595103). Considering
the available information the variant is classified as
pathogenic.

e C.8656 C>Tp.(Arg2886) which creates a premature
stop codon, and subsequent mRNA degradation
(nonsense-mediated decay) or truncation of the
protein. Parallel analysis of parents and the affected
sister WES data revealed that the sister and father
are heterozygous carriers of the detected variant. The
variant has already been described in the literature in
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Table 2. The results of WES of affected children and the parents.

OMIM-P MA
Gene (isoform) (Mode of Variant Index | Sister (Mother| Father Literature | Classification

. . gnomAD

inheritance)
c.5926delGp
(Glul19765erfs.8) | het. het. het. - 0 24595103 | Pathogenic
chr2.73679577

ALMSI(NM_015120.4) | 203800(AR)

8656  C>Tp.
(Arg2886)| het. | het. - het. het. 17594715 | Pathogenic
chr2.737177739

patients with Alstréom syndrome (PMID: 17594715,
24463507). It is found in 0.00041% of the overall
population (1 heterozygous, no homozygous).
Considering the available information, this variant is
also classified as pathogenic.

o Given the obtained results, the index and the affected
sister are compound heterozygous for two pathogenic
variants in the ALMSI gene. Considering the
supportive phenotype of the patient and his affected
sister and compound heterozygosity of two pathogenic
variants in the ALMSI gene, a genetic diagnosis of
Alstrom syndrome is confirmed for both of them.

Discussion

Alstrom Syndrome is an autosomal recessive, single gene
disorder (ALMS1-2p13) characterized by childhood
obesity associated with hyperinsulinemia, and type
2 diabetes mellitus, progressive cone-rod dystrophy
leading to blindness, sensorineural hearing loss and
function loss of multiple organs [1,6,7]. In our case, the
initial manifestations were visual problems - nystagmus,
photophobia and occasionally controlled dyslipidemia,
presented in the first year of life. As Marshall et al.
(2007) categorized the features of Alstrom syndrome,
our patient (the oldest girl) had similar findings like a
progressive neuropsychomotor delay with the occurrence
of stereotypical movements, signs of atypical autism,
gradual loss of vision (at the age of 14-15) and cognitive
acquisition, including verbal activity [1]. It was reported
in an investigation paper with 182 cases of Alstrom
Syndrome that 38% of patients had no cardiac failure (age
range, 2-33 years), although there is a risk for developing
dilated cardiomyopathy (DCM) in the future. Dilated
cardiomyopathy occurred in 62% of patients. They
notified that patients could be divided into two groups:
infant and adult onset. Infant onset patients consisted
43% of patients, most of them survived and had no cardiac
dysfunctions during three years. In contrary, between
the age of 5 and 36 years, 24 of these patients had DCM
recurrence and 10 had died. The second group consisted
18% of patients who had no cardiac failure in infancy but

developed DCM as adolescents or adults (age range, 7-32
years) [4]. According to our patient’s echocardiography,
there were no congenital or other cardiac problems
observed. Otherwise, with this information, we took
him to cardiac controls with a period of six months. We
know that DCM can develop in any time in the rest of
his life. Marshall et al. reported 35 patients of 182 had
gastroesophageal reflux. They also reported 92% of
patients had elevation of liver transaminase levels [8].
But our patient had normal rate of liver transaminase
levels and no gastro-esophageal reflux at this stage. The
hypertension prevalence in Alstrom Syndrome is 30%
[8], our patient was not hypertensive and kidney function
tests were normal. We planned controls of these tests
because of renal failure risk in the future.

Referring to the biochemistry results of suspected boy and
his phenotype, there were no specific symptoms that
could be considered suggestive for a genetic disease.
But regarding the fact that there is another similar case
in family history, dyslipidemia may be considered as
a symptom of a genetic syndrome. Dyslipidemia in
childhood usually appears due to genetic or secondary
causes as familial hypercholesterolemia or hereditary
hypertriglyceridemia, sometimes as a consequence of
a high fat diet. The biochemistry analyses of parents’
fat profile excluded familial dyslipidemia. To conclude,
the hyperlipidemia (high cholesterol and triglycerides)
attested in this child, may suggest a family disorder, but
being accompanied by visual problems and especially
related with nystagmus and photophobia, it must be taken
into consideration and suppose Alstrom Syndrome, with
very poor outcome.

Conclusion: Patients with Alstrom syndrome reach the
adult age with a significant burden of the disease that
continuously reduces their quality of life. The cone-
rod retinal dystrophy, obesity, insulin resistance type 2
diabetes mellitus, bilateral neurosensory deafness and
short stature are just few of the many challenges in the
management of these patients. These disorders can be
controlled with close observation and early detection.

124



BULETIN DE PERINATOLOGIE INSTITUTUL MAMEI $I COPILULUI
1(86) « 2020 | SOCIETATEA DE PEDIATRIE DIN REPUBLICA MOLDOVA

Most patients with mild to moderate dyslipidemia can 3. E Corbetti, R. Razzolini, V. Bettini, et al. Alstrom

be managed by adherence to lifestyle modifications
and pharmacologic interventions that are essential for
effective treatment in order to prevent cardiovascular

diseases. Dyslipidemia should be considered notonlyasa 4.

manifestation of unhealthy diet or obesity complication,
but this case demonstrated that should be taken into
consideration as a sign of a genetic disorder like Alstrom
syndrome.

Bibliography:
1. C.H. Alstrém, B. Hallgren, L.B. Nilsson, H. Asander.
Retinal degeneration combined with obesity,

diabetes mellitus and neurogenous deafness: a 6.

specific syndrome (not hitherto described) distinct
from Laurence-Moon-Biedl syndrome; a clinic

endocrinological and genetic examination based on 7.

a large pedigree. Acta Psychiatr Neurol Scand., 34
(1959), pp. 1-35 Medline
2. AN. Makaryus, M.E. Zubrow, ].D. Marshall, L.D.

Gillam, J.R. Mangion. Cardiac Manifestations of 8.

Alstrom Syndrome: Echocardiographic Findings. ]
Am Soc Echocardiogr., 20 (2007), pp. 1359-1363 http://

dx.doi.org/10.1016/j.ech0.2007.04.033 | Medline

125

syndrome: cardiac magnetic resonance findings. Int
J Cardiol., 167 (2013), pp. 1257-1263 http://dx.doi.
0rg/10.1016/j.ijcard.2012.03.160 | Medline

T. Hearn, G.L. Renforth, C. Spalluto, ef al. Mutation of
ALMSI, a large gene with a tandem repeat encoding
47 amino acids, causes Alstrom Syndrome. Nat
Genet., 31 (2002), pp. 79-83 http://dx.doi.org/10.1038/
ng874 | Medline

T. Joy, H. Cao, G. Black, et al. Alstrom syndrome
(OMIM 203800): a case report and literature review.
Orphanet ] Rare Dis., 2 (2007), pp. 49 http://dx.doi.
org/10.1186/1750-1172-2-490i | Medline

J.D. Marshall, S. Beck, P. Maffei, ].K. Naggert. Alstrom
syndrome. Eur ] Hum Genet., 15 (2007), pp. 1193-1202
http://dx.doi.org/10.1038/sj.ejhg.5201933 | Medline
Collin, G.B., Marshall, ].D., Ikeda, A., et al. (2002) Mu-
tations in ALMSI cause obesity, type 2 diabetes and
neu- rosensory degeneration in Alstrom syndrome.
Nature Genetics, 31, 74-78.

Marshall, J.D., Bronson, R.T., Collin, G.B., et al. (2005)
New Alstrom syndrome phenotypes based on the
evalua- tion of 182 cases. Archives of Internal Medicine,
165, 675-683. d0i:10.1001/archinte.165.6.675




