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Impairment of peroxisome biogenesis is a heterogeneous 
group of autosomal recessive hereditary conditions, which 
are caused by a partial or generalized defect of peroxisomes. 
They are divided into two clinically distinct subtypes - Zell-
weger spectrum disorders (ZSD) and type I rhizomelic chon-
drodysplasia punctata (RCDP) type 1) [1,11,12].

Peroxisomes are irreplaceable organelles of human cells 
that perform a number of important functions in cell metabo-

lism. They are found in all cells of the body, but their largest 
amount is found in liver and kidney cells [1,4,11,12]. It is 
known that the synthesis of peroxisomes is encoded by PEX 
genes, which are templates for encoding peroxins - proteins 
necessary for the synthesis of peroxisomes [3,8,12,14]. In 
electron microscopic examination, peroxisomes look like cy-
toplasmic vesicles of spherical or oval shape, 0.1-1.5 μm in 
size (Fig. 1).
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Fig. 1. Electron micrograph of rat liver. Designations: SER 
- smooth endoplasmic reticulum, M - mitochondria, P - peroxi-
somes; arrows indicate the “nucleoid” formed by urate oxidase
crystals [10]

ZSD include three clinical phenotypes that were described 
even before the discovery of their biochemical and molecular 
basis - Zellweger syndrome, neonatal adrenoleukodystrophy 
and infantile Refsum disease. Additionally, with the advance-
ment of new modern technologies of genetic sequencing, atypi-
cal, previously unknown, phenotypes are identified, which are 
milder and are manifested not by hearing/vision loss, but by 
ataxia and peripheral neuropathy, congenital cataracts [3]. The 
previously proposed phenotypes are now considered to be dif-
ferent manifestations of the same spectrum of disorders, with 
Zellweger’s syndrome being the most severe manifestation of 
ZSD, neonatal adrenoleukodystrophy - intermediate, and infan-
tile Refsum disease – the mildest. Therefore, at the present stage, 
it is recommended to apply the definition of “Zellweger spec-
trum disorder”, regardless of the phenotype (in the presence of a 
defect in the PEX gene) [3,8,11,14].

Currently, it is known that peroxisome synthesis is encoded 
by 16 PEX genes. ZSD occur when there are changes (muta-
tions) in one of these 13 genes (which are responsible for the 
development of this pathology) [3] (Table 1). The most common 
cause of ZSD is genetic defects in the PEX1 gene (according to 
various researchers, the frequency ranges from 60.5% to 70%) 
[3, 8]. Mutations in the PEX6, PEX12, PEX26, PEX10, PEX2, 
PEX5, PEX13, PEX16 genes are less common. Until now, no 
association of this disease with two PEX genes, PEX11G and 
PEX11A, has been found [3,5,8,12,14].

Due to the dysfunction of peroxisomes, very long chain fatty 

acids (VLCFA) accumulate in the human body: phytanic and 
pristanic acids, intermediate products of the metabolism of bile 
acids (this is how their synthesis is disrupted). There is also a 
deficiency of plasmalogens - specialized lipids that are part of 
cell membranes and myelin sheaths of nerve fibers [2- 4,13]. 

In the absence or disfunction of peroxisomes the functioning 
of the entire organs is disrupted. According to the literature, all 
known cases of peroxisome biogenesis disturbance form a con-
tinuous spectrum of different forms of severity [1,3,6,7,14].

All disturbances in peroxisome biogenesis of cause long-term 
morbidity and are often fatal in childhood [1,8]. Clinical mani-
festations usually occur in neonatal period or early childhood. 
Shortly after birth neonates may present with severe neurologi-
cal and metabolic disturbances Clinical signs include neonatal 
seizures on the background of demyelination, severe hypoten-
sion, peripheral polyneuropathy, statomotive regression. Later, 
the clinical presentation is dominated by neurological and diges-
tive system manifestations. Liver dysfunction usually manifests 
as neonatal jaundice and THE abnormalities in liver function 
tests [1,3,8,9,11].

The complex of craniofacial dysmorphic features is consid-
ered specific enough to establish the diagnosis. It includes a flat-
tened facial and occipital areas, high forehead, hypertelorism, 
epicanthus, sunken wide bridge of the nose, hypoplasia of the 
eyebrow arches, micrognathia, high palate, large anterior fonta-
nelle, divergence of the cranial sutures, low-set ears [1,8]. Older 
children may have retinal dystrophy, sensorineural hearing loss, 
liver dysfunction, delay in intellectual and statomotive develop-
ment, short limbs. Liver dysfunction is often first diagnosed due 
to significant bleeding due to coagulopathy. Cases of adrenal 
insufficiency and osteopenia have been described as well [8,9].

Diagnosis of ZSD is based on clinical manifestations, bio-
chemical studies (increased levels of VLCFA, phytanic and 
pristanic acid in the blood, pipecolic acid and bile acids in urine) 
and molecular genetic testing, which can confirm the mutation 
in one of 13 known PEX genes (which are responsible for the 
development of this pathology) [8]. 

Currently, there is no etiotropic treatment for patients with 
ZSD. Symptomatic treatment aimes to alleviate the patient’s 
condition and to prevent complications. In the presence of a sei-
zure, standard anticonvulsant therapy is used, but it is known 
that seizures in patients with ZSD are difficult to control [8]. In 
the presence of adrenal insufficiency, steroid replacement ther-
apy may be initiated. In case of hearing loss, hearing aids are 
fitted. In case of visual impairment, it is possible to use glasses 
or surgery (cataract removal). 

Table1. Frequency of mutated PEX genes in patients with ZSD [8]

Gene % ZSD Gene % ZSD

PEX1 60,5-70 PEX13 1,5

PEX6 14,5 PEX16 1,1

PEX12 7,6 PEX3 0,7

PEX26 4,2 PEX19 0,6

PEX10 3,4 PEX14 0,5

PEX2 3,1 PEX11ẞ 0,1

PEX5 2,0
note: ZSD - Zellweger spectrum disorder
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Thus, ZSD is a progressive multiorgan disease with a vari-
ety of clinical manifestations and an unfavorable, often fatal, 
prognosis. The extreme phenotypic variability of ZSD (from 
progressive degenerative manifestations) causes a practical 
problem in the diagnosis of this condition and, consequently, 
in treatment [3]. Genetic testing is important for confirming the 
diagnosis, which in some cases allows predicting the course of 
the disease [9]. Currently, the treatment of any manifestations of 
ZSD is symptomatic and / or supportive [1,3].

Clinical case. We describe a 6.5 year old (girl, D.P.), first 
child from the first pregnancy, born at 31 weeks of gestation 
(premature discharge of amniotic fluid, duration of the anhy-
drous period 1 week), with birth weight 1450 gr and birth length 
42 cm, Apgar score 7/8.

From the intensive care unit at the age of 11 days, the child 
was transferred to the II stage of nursing premature infants. She 
was discharged at the age of 1 month and 2 days with the diag-
nosis: “Stage III prematurity, Hypoxic-ischemic CNS damage 
with periventricular infiltration, vascular-epithelial cysts. Mor-
phofunctional immaturity.”

There was a delay in the girl’s psychomotor development: 
fixation of the sight after the 2nd month of life, smiling from 
2-3 months, the head holding from 5 months, sitting from 10
months, crawling from 11 months, walking with support from
17 months; did not walk independently, did not speak. The girl
was followed by a neurologist from birth for hydrocephalic
syndrome and delayed motor development. At the age of 13
months the child was diagnosed with cryptogenic hepatitis with
moderate activity and symptoms of cholestasis, at 19 months
she developed bilateral mixed hearing loss. Brain MRI revealed
ventriculomegaly and periventricular zones, increased intensity
of the MR signal, most likely due to gliosis zones. Electroen-
cephalogram (20 months) - was age appropriate.

The results of electroneuromyography performed at the age 
of 2.5 years showed a demyelinating lesion of peripheral long 
fibers, with secondary neurogenic changes. The child was ex-
amined at the “Okhmatdet” Orphan Disease Center. Amino acid 

profile, acetylcarnitines and carbohydrates, biochemical tests for 
Neman-Pick A/B disease, type I galactosemia and α1-antitrypsin 
were all normal. At 3.5 years she had an episode of bronchitis 
and since than she developed statomotive regression, hypersali-
vation and difficulty swallowing, at 6 months she developed epi-
lepsy and left-sided hemiparesis. 

An electroencephalographic study showed disorganized bio-
electrical activity of the cortex, gross changes in the biorhythms 
of the brain in the form of a diffuse slowdown of the main activ-
ity, regional slowdown and epileptiform activity. 

An MRI of the brain was performed (Magnetom Aera, Sie-
mens) 23.07.2018 (Figs. 3,4,5), which revealed signs of leuko-
dystrophy Brain MRI pertinent findings includes the following.

On a series of MRI of the brain (Figs. 3,4,5) in the projec-
tion of the basal ganglies symmetrically on both sides (wavy 
ganglies, shell, pale layer) of the toothed ganglies, repeating 
their outlines, in the corpus callosum, the optic thalamus, by 
spreading along the conducting pathways to the Crura cere-
bri (symmetrically on both sides too), reaching to Varolii 
Bridge. The areas on T2W1, FLAIR increasings and T1W1 
decreasing of MR signal are determined. This process is not 
accompanied with diffusion restriction on DW1. A zone of 
the changed MR signal, without clear contours, observed in 
the brain white substance of the hemispheres with the subcor-
tical distribution on U-like fibers. The lesions is quite sym-
metrical. Analogical changes of cerebellum both hemispheric 
observed, more in the area of ​​ toothed ganglies. Brain white 
and gray matter differentiation are preserved. Resume: signs 
of leukodystrophy.

Taking into account the clinical data and anamnesis, local-
ization and MR characteristics of changes in the cerebral hemi-
spheres and cerebellum, assessment of the indicators of the main 
metabolites in the affected areas of the brain, it was assumed that 
there is a disease from the group of progressive genetically de-
termined neurodegenerative diseases. Krabbe’s disease, GM1-, 
GM2-gangliosidosis, methochromatic leukodystrophy and Can-
avan’s disease were excluded by enzymatic studies. 

Fig. 2. Electroencephalographic investigation
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Fig. 3. MRI. Sagittal images of the brain (patient D)

Fig. 4.MRI. Axial image of the brain (patient D)
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Fig. 5. Depiction of MRI main findings of the brain (patient D)

 Fig. 6. Craniofacial dysmorphias in the child with ZSD (pa-
tient D) (high forehead, wide sunken nose, hypertelorism, low-
set ears)

Fig. 7. High palate in the child with ZSD(patient D)

To clarify the diagnosis, diagnoses NGS of 309 genes caus-
ative for metabolic conditions was performed (sequencing and 
deletion–duplicationanaliysis), which revealed a pathogenic 
homozygous-variant c.292> T (p.Arg98Trp) in the PEX26 gene. 
According to the literature, mutations in the PEX26 gene are 
causative for autosomal-recessive ZSD[8]. Currently, the child’s 
condition is consistently severe (age 6.5 years). There is a pro-
nounced regression of cognitive and motor skills, spastic tetra-
paresis, pseudobulbar syndrome and epilepsy.

The girl shows practically no reaction to examination. Does 
not pronounce individual sounds. Does not hear. Does not hold 
her head, does not turn over on her own, does not sit, does not 
stand with support. Feeding is carried out through a nasogastric 
tube. The head is hydrocephalic. Dysmorphic features include 
high forehead, wide sunken nose, hypertelorism, low-set ears, 
high palate (Fig. 6,7). The skin and visible mucous membranes 

are pale pink, clean. Contractures of the tibial joints are pres-
ent. Peripheral lymph nodes are not enlarged. Pulmonary and 
cardiovascular systems are without pathological changes. The 
abdomen is soft and palpable. There is no splenomegaly. Physi-
ological excretory functions are normal.

Neurological status: mimic innervation is symmetrical, pha-
ryngeal reflex is reduced; muscle tone in the extremities is dif-
fusely reduced, with the formation of spasticity in the distal ex-
tremities (D = S); tendon reflexes from the upper extremities 
are reduced (D = S), from the lower extremities are absent; ab-
dominal reflexes are positive; meningeal symptoms are absent. 
Approximately twice a month, tonic convulsions are noted in 
the form of general tension, “rolling” of the eyes, followed by 
vomiting. She receives anticonvulsant treatment (Topiromax, 
Levicitam), Ukrliv and multivitamins (Smart Omega)

The dynamics of stato-motor regression is shown on Fig. 8.
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Fig. 8. Dynamics of stato-motor regression (patient D.P.). 1 - age 3 months, 2 - 9 months,
 3 - 15 months, 4 - 19 months, 5 - 3.5 years, 6 - 4.5 years, 7 - 5 years, 8 - 6.5 years old

Based on the various research works received, it is possible 
to draw a conclusion about moderate course of the patient’s 
disease. The main clinical presentations, in particular, delayed 
psychomotor, statokinetic development, sensory deficits, dys-
morphias, prospective (within 6 years) addition of concomitant 
somatic pathology (hepatobiliary, bronchopulmonary system), 
which are due to the presence of EEG data on disorganized bio-
electric activity of the brain cortex and leukodystrophy (based 
on MRI data) prove the belonging to progressive genetically 
determined neurodegenerative diseases. Analyzing the clinical 
manifestations, onset and rate of disease progression, this clini-
cal case of Zellweger’s spectrum disorder can be interpreted as 
Zellweger’s syndrome, but there are signs of another phenotype 
– infantile Refsum’s disease (swallowing disorders, cryptogenic 
hepatitis, cholestasis) which coincides with the latest research 
works concerning the lack of purpose to allocate separate phe-
notypic groups.

The long-term prognosis for children with Zellweger spec-
trum disorder is poor and often fatal. Usually, the most common 
cause of death is progressive respiratory or hepatic failure and 
gastrointestinal bleeding. Most of the patients die in early child-
hood, a minority - in the second decade of life. In the literature, 
there is increasingly more data on the confirmation of ZSD in 
adults with hearing and/or vision loss with normal intelligence 
and neurological status [8].

Challanges in the diagnosis of the disease are enhanced by 
the lack of effective therapeutic measures. Zellweger spectrum 
disorder is highly variable in clinical presentation. A laboratory 
study, which is recommended for suspected cases of this dis-
ease, in some cases is of limited significance and does not reveal 
abnormalities. Therefore, to confirm the diagnosis of ZSD, mo-
lecular genetic testing is necessary. The management of these 
patients is interdisciplinary and symptomatic, based on a regular 
assessment of the child’s psychomotor development, neurologi-
cal status, functional condition of the liver and adrenal glands, 
identification of orthopedic problems, hearing and visual im-
pairments, and management of feeding difficulties [3,8]. 

Today it is difficult to predict the course of the disease in 
each particular case. The identification of new modifier genes 
and their mutations will probably allow predicting the course 
of the disease. Thus, molecular genetic research is extremely 
important for early detection of pathology, improvement and 
development of new strategies for patient management and ef-
fective counseling of family members (both at the postnatal and 
prenatal stages).

Conclusions. 1. Zellweger spectrum disorder is a hereditary 
autosomal recessive disease with a wide range of clinical mani-
festations and poor prognosis. Molecular genetic testing enables 
confirmation of the diagnosis in order to provide effective coun-
seling to family members. 

2. Although there is currently no specific treatment for the dis-
ease, significant progress has been made in understanding the 
molecular and biochemical aspects of the condition, that would 
hopefully lead to the development of new research strategies and 
treatments in future.
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SUMMARY 

IMPAIRMENT OF PEROXISOME BIOGENESIS IN THE 
SPECTRUM OF ZELLWEGER SYNDROME (CLINICAL 
CASE) 

Horlenko O., Lenchenko A., Pushkarenko O., Kossey G., 
Tomey A. 

State Higher Educational Establishment «Uzhgorod National 
University», Ukraine

The incidence of rare diseases is approximately two cases 
per 10,000 people. Today, in most cases, orphan diseases are 
caused by genetic disorders, less often - some forms of onco-
logical, oncohematological, infectious disorders. These con-
ditions have a severe and chronic course, accompanied by a 
decrease in quality and a reduction in the life expectancy of 
patients.

Aim - describe a clinical case of an rare disease that is re-
ferred to as Zellweger spectrum disorders. 

Literature review and analysis of clinical-anamnestic and 
laboratory-instrumental methods of research of a 6.5 years 
old girl.

The given clinical case, namely Zellweger spectrum dis-
orders (ZSD), is a hereditary autosomal recessive disease 
characterized by nonspecific clinical manifestations and 
phenotype, which complicates timely diagnosis and delays 

symptomatic, and in some cases prognostically favorable 
treatment. Molecular genetic research makes it possible to 
finally confirm this disease. Therefore, at the slightest suspi-
cion of this pathology, it is worth investigating the level of 
long-chain fatty acids, plasmalogen of erythrocytes, interme-
diate metabolites of bile acid synthesis, or carrying out ge-
netic sequencing. Further studies of this condition are carried 
out in the world in order to obtain new methods of treatment 
and improve the quality of life of patients. 

The presented clinical case of a rare disease, which belongs to 
ZSD, confirms the need for alertness of family doctors and pe-
diatricians in order to timely diagnose and correct rare diseases 
in children. 

Keywords: impaired biogenesis of peroxisomes, Zellweger 
spectrum disorders, orphan diseases.

РЕЗЮМЕ

НАРУШЕНИЕ БИОГЕНЕЗА ПЕРОКСИСОМ В СПЕК-
ТРЕ СИНДРОМА ЗЕЛЬВЕГЕРА (КЛИНИЧЕСКИЙ 
СЛУЧАЙ) 

Горленко О.М., Ленченко А.В., Пушкаренко О.А., 
Коссей Г.Б., Томей А.И.

Высшее государственное учебное заведение Украины “Уж-
городский национальный университет”, Украина

Частота орфанных (редких) заболеваний составляет 
примерно два случая на 10 000 населения. В большин-
стве случаев причиной орфанных заболеваний являются 
генетические нарушения, реже - некоторые формы онко-
логических, онкогематологических, инфекционных нару-
шений. Данные состояния имеют тяжелое и хроническое 
течение, сопровождаются снижением качества и сокра-
щением продолжительности жизни пациентов.

Целью исследования является описание клиническо-
го случая орфанного заболевания, которое относится к 
расстройствам спектра Зельвегера (Zellweger spectrum 
disorders).

Проведен обзор литературы и анализ клинико-анамне-
стических и лабораторно-инструментальных методов ис-
следования девочки Л., 5 лет.

Приведенный клинический случай, в частности 
расстройство спектра Зельвегера, является наслед-
ственным аутосомно-рецессивным заболеванием, 
характеризуется неспецифическими клиническими 
проявлениями и фенотипом, что затрудняет своевре-
менную диагностику и отсрочивает симптоматическое, 
а в некоторых случаях прогностически благоприятное 
лечение. Молекулярно-генетическое исследование по-
зволяет окончательно подтвердить данное заболевание. 
Поэтому при малейшем подозрении на эту патологию 
следует исследовать уровень жирных кислот с длинны-
ми цепями, плазмалоген эритроцитов, промежуточные 
метаболиты синтеза желчных кислот или проводить ге-
нетическое секвенирование. 

Представленный клинический случай орфанного за-
болевания, который относится к расстройствам спектра 
Зельвегера, подтверждает необходимость настороженно-
сти семейных врачей и педиатров с целью своевременной 
диагностики и коррекции редких заболеваний у детей.
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reziume

peroqsisomebis biogenezis darRveva zelvegeris 
sindromis speqtrSi (klinikuri SemTxveva)

o.gorlenko, a.lenCenko, o.puSkarenko, g.kosi, a.tomei

uJgorodis erovnuli universiteti, ukraina

orfanuli (iSviaTi) daavadebebis sixSire daax-
loebiT 2 SemTxvevaa 10 000 mosaxleze. orfanuli 
daavadebebis mizezs umetes SemTxvevaSi geneti-
kuri darRvevebi warmoadgens, ufro iSviaTad - 
onkologiuri, onkohematologiuri, infeqciuri 
darRvevebis zogierTi forma. am mdgomareobebs 
axasiaTebs mZime da qronikuli mimdinareoba, Tan 
axlavs pacientebis sicocxlis xarisxis da xan-
grZlivobis Semcireba.
kvlevis mizans warmoadgenda orfanuli da-

avadebis klinikuri SemTxvevis aRwera, romelic 
miekuTvneba zelvegeris speqtris darRvevebs 
(Zellweger spectrum disorders).
Catarebulia literaturis mimoxilva da 5 

wlis gogona l.-s klinikur-anamnezuri da la-

boratoriul-instrumentuli kvlevis meTodebis 
analizi.
warmodgenili klinikuri SemTxveva, saxel-

dobr -  zelvegeris speqtris darRveva, war-
moadgens memkvidrul autosomur-recesiul 
daavadebas, xasiaTdeba araspecifikuri klini-
kuri gamovlinebebiT da fenotipiT, rac ar-
Tulebs droul diagnostikas da gadaavadebs 
simptomur diagnostikas, zogierT SemTxvevaSi 
ki – prognozulad keTilsaimedo mkurnalo-
basac. molekulur-genetikuri kvleva iZleva 
daavadebis saboloo dadasturebis SesaZleb-
lobas. amitom, am paTologiaze umciresi eWvis 
arsebobis dros aucilebelia grZeljaWvi-
ani cximovani mJavebis donis, eriTrocitebis 
plazminogenis, cximovani mJavebis sinTezis 
Sualeduri metabolitebis gamokvleva, an ge-
netikuri sekvenirebis Catareba. orfanuli 
daavadebis warmodgenili klinikuri SemTxve-
va, romelic miekuTvneba zelvegeris speqtris 
darRvevebs, moiTxovs ojaxis eqimebis da pe-
diatrebis yuradRebis aucileblobas iSviaTi 
daavadebebis drouli diagnostikis da koreq-
ciis mizniT bavSvebSi.


