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Abstract

Objectives: To analyze the clinical and laboratory data of neonates diagnosed with Zellweger syndrome and to estimate the inci-
dence of the syndrome.

Methods: The databases of four institutions that admitted newborns diagnosed with Zellweger syndrome to intensive care units
between January 2013 and December 2016 were examined.

Results: A total of 105,887 live babies were born in the four centers during the study period. Seven were diagnosed with Zellweger
syndrome; the incidence was thus 1/15,126. Birth weights were 2,200 - 3,300 g. Six cases were born to consanguineous parents. Dys-
morphic findings, respiratory failure, and hypotonia were evident in all patients. Hepatomegaly was apparent in four cases, con-
genital cardiac defects in four, characteristic cerebral magnetic resonance imaging findings in four, renal cysts in five, hepatic cysts
in three, and splenomegaly in one. PEX1 mutations were identified in three patients, and one mutation was novel.

Conclusions: The incidences of Zellweger syndrome and cardiac disease were higher than reported previously, being (to the best of
our knowledge) among the highest reported worldwide. This is the first time that such incidences have been calculated in Turkey.
The syndrome is more common in regions where consanguineous marriage rates are higher.
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1. Background

Peroxisome biogenesis disorders (PBDs; OMIM
#601539) constitute a group of neurodegenerative dis-
orders characterized by defective peroxisome assembly
and dysfunction of multiple peroxisomal enzymes (1,
2). PBDs are inherited in an autosomal recessive man-
ner (2). PBDs are composed of two clinically distinct
subtypes, Rhizomelic Chondrodysplasia Punctata Type 1
(RCDP; OMIM #215100) and Zellweger Spectrum Disorder
(zSD), which together account for about 80% of all PBD
patients. ZSD includes Zellweger syndrome (ZS; OMIM
#214100), neonatal adrenoleukodystrophy (NALD; OMIM
#202370), infantile Refsum disease (IRD; OMIM #266510),
and Heimler syndrome (2, 3).

Infants with ZS typically present in the neonatal period
with profound muscular hypotonia, poor feeding behav-
ior, frequent seizures, jaundice, hepatic dysfunction, bone
abnormalities, and specific craniofacial dysmorphism (4,
5). The infants have poor prognoses and usually die within

the first year of life (4, 6).

Zellweger spectrum disorder is caused by mutations
in any of 14 currently known PEX genes, which encode
proteins termed peroxins that are involved in either per-
oxisome formation, peroxisomal protein importation, or
both (5-7). Consequently, mutations in PEX genes cause de-
ficiencies in peroxisome numbers or function, or mosaic
patterns (5, 6, 8). Peroxisomes are present in all cells ex-
cept mature erythrocytes and are particularly common in
renal and hepatic cells (9, 10). Peroxisomes are involved in
many anabolic and catabolic processes, including the -
oxidation of very-long-chain fatty acids (VLCFAs); the syn-
thesis of other lipids, such as plasmalogens; and bile-acid
metabolism (9, 11).

A clinical diagnosis of ZS can be definitively confirmed
by laboratory assays of readily accessible materials such as
blood and urine. Measurement of plasma VLCFA levels is
commonly the first test performed (5). In cases of high clin-
ical suspicion of ZS, the fact that the peroxisomal param-
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eters of blood and urine are initially normal does not ex-
clude 7S, and further testing (including fibroblast culture
and/or molecular analyses) should be considered (12, 13).
The syndrome affects liver function and triggers cardiac
anomalies, but the extent of liver dysfunction over time,
the incidence of cardiac anomalies, and the overall inci-
dence of the syndrome remain unknown in Turkey.

Although the incidence of ZS differs by region, the over-
all incidence is estimated to be 1in 50,000 -100,000 births
(5, 14). We reviewed seven patients diagnosed with ZS in
four centers in Diyarbakir, Turkey, over the past 4 years and
estimated the incidence of ZS.

2. Methods

We retrospectively reviewed the files of eight patients
admitted to neonatal intensive care units with Zellweger
syndrome between January 2013 and December 2016. One
patient who did not fulfilled our enrollment criteria was
excluded. Birth records, birth weights, parental genetic
status, findings on physical examination, complaints, lab-
oratory blood data, radiological information, echocardio-
graphic data, and prognoses were retrieved for all seven
cases.

2.1. Diagnostic Criteria for Zellweger Syndrome

1. Classic phenotypic features (high forehead, large an-
terior fontanelle, markedly separated cranial sutures, hy-
poplastic supraorbital ridges, upward-slanting eyes, epi-
canthal folds, alowand broad nasal bridge, a highlyarched
palate, and deformed ear lobes)

2. Supportive clinical findings (severe hypotonia and
hepatomegaly) and radiological findings (renal, cerebral,
and/or liver cyst[s])

3. VLCFA analysis: level of C26:0 fatty acids and C26/C22
and C24/C22 ratios within the diagnostic ranges for ZS (1.8
-8.1 umol|L, 0.069 - 0.450, and 0.90 - 2.52, respectively)

4. A PEX mutation if mutational analyses were per-
formed

During the study period, a total of 105,887 live births
were recorded in the four centers, and the incidence of ZS
was 1 case per 12,191 live births.

Ethics approval was not required because the study
wasretrospective in nature (based on medical records); the
guidelines of our ministry of health exempt such studies
from review.

3. Results

Demographic, clinical, and radiographic features and
patient outcomes are shown in Table 1. Six sets of parents

were consanguineous. Six babies were born at term, and
one was born at near term. Three were born with stained
meconium and two required intubation in the delivery
room. All seven were admitted to neonatal intensive care
units with respiratory distress, poor feeding ability, hypo-
tonia, and/or convulsions.

In addition to hypotonia, typical craniofacial features,
including epicanthal folds, a high forehead, a broad nasal
bridge, hypoplastic supraorbital ridges, and an enlarged
anterior fontanelle, were present in all patients. Five pa-
tients presented with hepatomegaly, and one also exhib-
ited splenomegaly. At admission, biochemical and hema-
tological data were unremarkable except for a mildly ele-
vated transaminase level in one patient. The plasma lev-
els of VLCFAs were markedly increased in all patients: the
C26:0 level ranged from 5.14 to 14.05 pmol/L, the C24:C22
ratio ranged from 1.47 to 1.82, and the C26:C22 ratio ranged
from 0.24 to 0.50 (Table 1). Four patients exhibited abnor-
malities on echocardiograph, including atrioventricular
and atrial septal defects and tetralogy of Fallot. Abdominal
ultrasonography detected renal cysts in six patients and
hepatic cysts in three patients. Brain magnetic resonance
imaging revealed cerebral germinolytic cysts in three pa-
tients; bilateral ventricular dilation and agenesis of the
corpus callosum in one patient; and variable gyral abnor-
mality, enlarged lateral ventricles, and hypomyelination in
all seven patients.

Molecular analysis of PEX genes was performed in only
three patients, who were found to carry PEX1 mutations.
Their parents were carriers of the same mutation, and one
parent had a history of affected siblings. Patients 1 and 7
had a PEX1; c.2097insT (homozygous) mutation, whereas
patient 4 had a PEXI; c.1359 + 5G > A (homozygous)/PEX6;
€.2905C > T (heterozygous) mutation.

3.1. Follow-Up and Outcomes

Convulsions developed soon after delivery in two pa-
tients but only after 1 month in one. Two patients did not
exhibit any clinically observed convulsions prior to death.
All patients received supportive symptom-based interven-
tions. Liver function tests (including transaminase levels)
become abnormal in the first month of life among all sur-
viving patients and continued to deteriorate. Six patients
required late intubation and then died. One patient still
survives (at 6 months of age).

3.2. Estimated Incidence

During the study period, a total of 105,887 live births
were recorded in four hospitals in Diyarbakir. The esti-
mated ZS incidence was 1/15,126 live births (95% confidence
interval 1/9,500 -1/58,727).
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Table 1. Demographic, Clinical, and Radiographic Features of the Patients

Features Patient1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Gender F M F M F M F
Parental consanguinity + + + + + +
Convulsion +2 + - + R 42

Hypotonia + + 4 + + + +
Typical face + + + + + + +
Ocular abnormality +° +€ 5 - NA 4P }
Hepatomegaly + + + - - + +
Splenomegaly + - - o o 5
Cerebral cysts + + +d R

Abnormal cortical gyral pattern + + ES + Eis + -
Renal cysts + + + + + +
Hepatic cysts + + - + s R
Cardiac defects +¢ 4 + _ 48

Elevated transaminases (at admission) = - + - s
Elevated transaminases (at the first month) + + + + NA + +
C26, xmol/L (Diagnostic range:1.8 - 8.1) 14,05 5,14 7,82 9,37 9,12 6,62 9,16
C26:C22 (Diagnostic range:0.069 - 0.45) 0,38 0,48 0,50 0,43 0,31 0,24 0,29
C24:C22 (Diagnostic range:0.90 - 2.52) 1,75 1,82 1,50 1,71 1,61 1,47 1,74
Mutation PEX 1" NA NA PEXT' NA NA PEXI"
Age atdeath,d 80 147 46 44 17 93 Live

Abbreviations: F, female; M, male; NA, not available.

#Began soon after birth.

" Abnormal retinal pigmentation.

“Cataract.

dAgenesis of corpus callosum, ventricle enlargement.

“Ventricular septal defect and atrial septal defect.

[ Atrial septal defect.

&Tetralogy of Fallot.

?‘PEXl; ¢.2097insT (Homozygous).

'PEX1; 1359 + 5G > A (Homozygous), PEX6; ¢.2905C > T (Heterozygous).

4. Discussion

Here we report on six newborns with the classic clin-
ical, neuroradiological, and laboratory features of ZS. The
estimated incidence of ZS in our local region is higher than
in previous reports (9, 11, 12). ZS was initially described in
several members of a single family with multiple congen-
ital anomalies involving the brain, liver, and kidneys; the
cited authors described the phenotype as a “cerebrohepa-
torenal” syndrome (13-15). Affected patients present soon
after birth with profound hypotonia, a distinctive facial ap-
pearance, seizures, renal cysts, liver cysts associated with
hepatic dysfunction, and an inability to feed. Retinopa-
thy and deafness commence in the first months of life, fol-
lowed by severe brain dysfunction associated with a disor-
der of neuronal migration.
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The liver disease of ZS is typical, manifesting as hep-
atomegaly, conjugated hyperbilirubinemia, and abnormal
liver function test results (5). In some patients, liver dis-
ease can progress to splenomegaly, cirrhosis, and portal hy-
pertension (15). The progression of liver disease is rather
variable (5, 15). In this series, only one patient exhibited el-
evated transaminase levels on admission, but toward the
end of the first month, most patients had developed hep-
atic involvement. Cardiac defects, including septal defects
and aortic abnormalities, have also been reported in ZS pa-
tients(5,14,16). In the present series, four of the six patients
had cardiac anomalies.

Based on clinically and biochemically diagnosed ZS
cases over a 3-year period, we estimated the incidence of
ZS in the province of Diyarbakir, Turkey, to be 1/15,126 live
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births. This is higher than its worldwide prevalence (9,
14), although the confidence interval is large (1/9,500 -
1/58,727). Similar high incidences have been reported in
the Saguenay-Lac-St-Jean region (SLS]) of Quebec, Canada
(1/12,191) (17), in the Okinawa Islands of Japan (1/30,000) (12),
and among Karaites in Israel (1/25,000) (18). This may re-
flect community isolation or a founder effect (17), both of
which reduce genetic diversity. However, we suggest that
such explanations are not relevant here; our region is cos-
mopolitan, containing persons of many different ethnici-
ties. The rate of parental consanguinity in eastern Turkey
may reach 20% (19), which explains the high observed in-
cidence of ZS. Our region lacks a comprehensive genetics
service. In addition, as hypotonia and respiratory failure
are associated with other perinatal problems (such as peri-
natal asphyxia), it is likely that some cases were missed.

The underlying mechanism of ZS is poorly understood,
but it has long been considered that VLCFA accumulation,
loss of plasmalogens, and deficiency in materials synthe-
sized by peroxisomes may contribute to the observed brain
pathogenesis (6,15,20). In the absence of a distinct clinical
presentation, cerebral magnetic resonance imaging iden-
tifies several rather characteristic features in patients with
peroxisomal disorders and is often a valuable tool in terms
of diagnostic workup (21, 22). ZS patients may exhibit
neocortical dysplasia (particularly a characteristic perisyl-
vian polymicrogyria), a generalized decrease in white mat-
ter volume, delayed myelination, bilateral ventricular dila-
tion, and germinolytic cysts (5, 21,22). The cysts have a char-
acteristicappearance and can be useful for confirming sus-
pected ZS, as they are easily detected by transfontanelle
sonography and magnetic resonance imaging (22). In our
present series, a variety of features consistent with ZS were
evident in all patients.

PEX1(OMIM #602136) and PEX6 (OMIM #601498) muta-
tions are the most common causes of ZS, associated with
the full continuum of clinical phenotypes (10, 23). How-
ever, a general relationship appears to exist among geno-
type, cellular phenotype (i.e., importation of peroxisomal
matrix proteins), and clinical phenotype (24). No com-
prehensive PEX molecular genetic testing is available in
Turkey; we thus lack data on phenotype/genotype correla-
tions. Unfortunately, we could not perform molecular ge-
netic testing on all patients in our present series because
of limited laboratory facilities. However, all three patients
who were examined had PEX1 mutations, of which one was
new. A study from Saudi Arabia found that a missense mu-
tation in the PEX5 gene was the most common mutation
among ZS patients in that country (25). We suggest that
the high rate of parental consanguinity in our region al-
lows a founder mutation to persist. However, the nature of
the pathogenic alleles in our population requires further

study.

In instances of clinical suspicion of ZS associated with
abnormal VLCFA levels, subsequent PEX mutational anal-
ysis should ideally be performed to confirm the diag-
nosis (5, 11, 21). Complementation studies (including fi-
broblast tests) usefully distinguish peroxisome assembly
defects from deficiencies in single peroxisomal enzymes
(particularly D-bifunctional protein; patients thus affected
rather closely resemble ZS patients) and identify familial
pathogenic mutations that raise a need for genetic coun-
seling (5, 7,11).

Current ZS treatments are supportive, focusing on
amelioration of seizures and liver dysfunction, adequate
calorie intake, provision of hearing aids, ophthalmolog-
ical interventions, and attention to other developmental
needs (5, 11). As in our case series, ZS is always fatal, but
with optimal care and a favorable genetic/phenotypic pro-
file, some patients may live for up to 2 years (14). ZS patients
usually die during the first year of life secondary to pro-
gressive apnea or respiratory compromise caused by infec-
tion (5,7, 11).

In conclusion, we report an unusually high incidence
of ZS in the province of Diyarbakir that is very likely at-
tributable to parental consanguinity. In addition, the fre-
quency of cardiac abnormalities in patients with ZS is
higher than we expected. We found a new causative muta-
tion. The pool of pathogenic alleles in our region requires
further study.
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