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Abstract

We present a female patient with a mutation of the POLG gene (POLG DNA polymerase gamma, catalytic subunit;
*174763) in which the clinical course suggested a mitochondrial disease, a neuropathological examination identified
the syndrome more closely, and a genetic test confirmed the disease. Apart from the morphological lesions typical
of Alpers-Huttenlocher syndrome, rarely observed symmetrical degenerative changes in the accessory olivary nuclei
were found. It was unusual in the clinical course of the disease that pancreatitis was diagnosed before symptoms of

liver failure appeared.
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Introduction

The term mitochondrial diseases refers to
a group of disorders related to the respiratory chain
and oxidative phosphorylation (OXPHOS) dysfunc-
tion [27]. The genetic and clinical heterogenity of
these diseases make their diagnosis difficult, the
statistics underestimated, and the pathogenesis still
unclear[17]. In mitochondrial encephalopathies, cen-
tral nervous system structures are affected accord-
ing to different patterns of distribution and severity.
The changes in the brain can be restricted to specific
areas or be diffuse, involving the entire cerebrum
[6,8]. Characteristic lesions are neuronal loss, vas-
culo-necrotic changes, gliosis, demyelination and
spongy degeneration [8,20].

Despite the significant overlap of the clinical
and neuropathological picture between the various
mitochondrial diseases, in a few cases the neuro-
pathological picture is sufficiently characteristic to
suggest a diagnosis of Leigh syndrome or MELAS [5].
One of the mitochondrial diseases with an unchar-
acteristic and varied neuropathological picture is the
Alpers-Huttenlocher syndrome — progressive neuro-
nal degeneration with liver failure [1,15,22].

Mutations in the nuclear gene POLG are an
important cause of mitochondrial diseases. The
POLG gene encodes the mitochondrial DNA (mtDNA)
polymerase gamma catalytic subunit (*174763) that
is responsible for replication and repair of the mito-
chondrial genome. Loss of mtDNA leads to loss of
mitochondrial respiratory chain components, what,
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in turn, progressively disables energy metabolism
[7,19].

POLG defects result in syndromes of mitochondri-
al DNA depletion or accumulation of mitochondrial
DNA deletions. Defects in this gene are a cause of pro-
gressive external ophthalmoplegia with mitochon-
drial DNA deletions 1 (PEOA1), sensory ataxic neu-
ropathy dysarthria and ophthalmoparesis (SANDO),
Alpers-Huttenlocher syndrome (AHS), and mito-
chondrial neurogastrointestinal encephalopathy
syndrome (MNGIE) [19,23,31,34].

Alpers’ syndrome is one of the most severe
phenotypes, characterized by intractable epilepsy,
developmental regression and liver failure which
affects children aged 6 months to 3 years. The later
onset variants are mainly characterized by epileptic
encephalopathy with ataxia.

The presented patient is typical with regard to
the first clinical symptoms such as epilepsy and
developmental regression, but unusual for the fur-
ther course of the disease.

Clinico-morphological presentation

The girl was born as one of twins. Her psychomo-
tor development was normal up to the age of 2. In
preschool age, the girl had problems with adapting to
her peer environment. There were learning problems
at school, she repeated the first grade. The psycho-
logical examination revealed a lower than average
mental level, underdeveloped phonemic awareness
and visual perception, poor spatial orientation and
the recognition of the body schema. From the age of
six, focal and generalized myoclonus and less agile
gait appeared. At the age of 8 developmental regres-
sion was observed.

POLG gene mutation. Clinico-neuropathological study

She was hospitalized due to myoclonic seizures
in the department of neurology at the age of 8. No
neurological syndrome was found in the neurologi-
cal examination. Magnetic resonance imaging was
normal. There was an abnormal electroencephalog-
raphy with localized and generalized epileptiform
activity. The diagnosis was epilepsy with myoclonic
seizures. Treatment with valproic acid was started.

Three months later the girl was re-admitted to
the hospital with a sudden onset of abdominal pain,
diarrhoea and vomiting. An abdominal ultrasound
revealed an enlarged pancreas with blurred margins,
no changes in the liver were found, the diagnosis
was acute pancreatitis. The child’s condition dete-
riorated rapidly — 3 days later she developed circu-
latory and respiratory insufficiency, jaundice, and
symptoms of haemorrhagic diathesis. The diagnosis
was acute hepatic failure of unclear aetiology with
progressive multiple organ failure. Wilson’s disease
was ruled out. Mitochondrial disease was suspected
and genetic testing was done. The girl died before
the completion of diagnosis, on the 5t day after the
onset abdominal symptoms.

Pathomorphological examination

The post-mortem examination showed jaundice,
features of a haemorrhagic diathesis, fluid in the
peritoneal and pleural cavities and blurred margins
of the liver and pancreas. The microscopic exam-
ination of the pancreas revealed: diffuse, massive
parenchymal necrosis with inflammatory infiltrates
mainly consisting of granulocytes, and haemorrhag-
es (Fig. 1A). In the liver necrosis of the central lob-
ule, cholestasis, small droplet steatosis, and mixed
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|g 1 A) N\asswe pancreatlc necrosis with acute inflammatory |nf|ltrat|on (H&E_ZOx) B) Focal liver necrosis
with small inflammatory infiltration and cholestasis (H&E 10x).
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Fig. 2. Cerebellum. Loss of Purkinje cells with pro-
liferation of Bergman’s glia (Cresyl violet 20x).

(H&E 40x).

inflammatory infiltrates consisting of lymphocytes
and individual granulocytes were observed (Fig. 1B).

Neuropathological examination

The material derived from the First Polish Brain
Bank in the Institute of Psychiatry and Neurology,
Warsaw, Poland.

Macroscopically the brain was swollen with
reduced consistency of the basal ganglia and pale
substantia nigra.

Microscopic examination was performed on
paraffin embedded slides from the cerebral hemi-
spheres, the brain stem and the cerebellum. The
sections were stained with haematoxylin eosin, cre-
syl violet, Kliiver-Barrera method, methods for iron
(Pearse) and copper (method using Rhodamine B)
and immunohistochemically with GFAP (DAKO 1: 70),
Ubiquitin (Invitrogen 1 : 90), Tau (DAKO 1 : 80), and
a-synuclein (Leica 1 : 30).
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Fig. 3. Demyelination in the cerebellum (dentate
nucleus) (Kliiver-Barrera 40x).

The microscopic evaluation revealed neuronal
damage in the striatum, thalamus, dentate nucle-
us, substantia nigra, red nuclei, and inferior olivary
nuclei. Neurons with peripherally localized chroma-
tin, vacuoles under the cytoplasmic membrane and
neuronal shadows were observed. In the cerebral
hemispheres, disseminated cortical lesions were
found. Widespread necrosis within layers Il and IV
with moderate glia reaction and spongiosis was vis-
ible in many cortical gyri. In the cerebellum, dam-
age of neurons was found in the dentate nuclei.
Dispersed loss of Purkinje cells with proliferation
of Bergman’s glia was demonstrated (Fig. 2). Focal
demyelination, accompanied by mild spongiosis was
observed in both hemispheres of the brain and cer-
ebellum (Fig. 3). Myelin showed fading especially in
the central part of the cerebral hemispheres and the
cerebellum, but the subcortical fibres were spared.
In the basal ganglia, few type Il Alzheimer’s glial
cells were found (Fig. 4). In the medulla the hyper-
trophic medial accessory olivary nuclei filled with
numerous gemistocytic and bizarre glial cells were
visible (Fig. 5). This lesion was found symmetrical-
ly and bilaterally in the accessory olivary nuclei. The
neurons of the substantia nigra showed positive
reaction to ubiquitin, indicating their damage. No
positive immunoreactivity to tau and synuclein was
observed. Pathological copper or iron deposition was
not found by microscopic examination.

Genetic examination

DNA test results were obtained after the child
died. A genetic test revealed biallelic POLG gene
mutations. The WES study showed that the girl was
a heterozygous carrier of two known molecular
variants in the POLG gene (RefSeq: NM_002693.2;
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Flg 5. Medulla oblongata medlal accessory olivary nucleus A) Symmetrlcally hypertrophlc accessory oli-
vary nuclei (GFAP 4x); B) Numerous reactive astrocytes (GFAP 20x); C, D) Multinuclear, bizarre astrocytes
(GFAP 60x).

NP_002684.1): ¢.2243G>C  p.(Trp748Ser) and
€.2542G>A p.(Gly848Ser). The clinical significance of
changes in the POLG gene was reported in the OMIM
database (Online Mendelian Inheritance in Man) in
the context of the phenotypes: 4A mitochondrial
depletion syndrome (Alpers type, #203700), 4B mito-
chondrial depletion syndrome (MNGIE type,
#613662), Ataxia syndrome (including SANDO and
SCAE, #607459), and progressive external ophthal-
moplegia (PEOB1, #258450).

Discussion

In the presented case, the clinical symptoms
(myoclonic epilepsy, regression) were not sufficient
to diagnose mitochondrial disease, but it could be
suspected. The occurrence of acute hepatic failure
shortly after the treatment by valproic acid also very
strongly indicated a mitochondrial disease, in partic-
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ular Alpers-Huttenlocher syndrome [13]. The neuro-
pathological examination revealed neuronal degen-
eration in the cortex of the brain with spongiosis
and gliosis, but these lesions were of a low intensity.
The neuronal lesions were also found in the cerebel-
lar cortex, dentate nucleus and slight demyelination
was observed in the cerebellar white matter. Neu-
ronal damage was also seen in the striatum, thala-
mus, substantia nigra, red nuclei and inferior olivary
nuclei. The specific changes in the form of neuronal
degeneration with presence of bizarre, hypertrophic
astroglial cells were found symmetrically within the
medulla oblongata. The spectrum of morphologi-
cal changes is consistent with those described in
Alpers-Huttenlocher syndrome [8,12,13,28]. In the
striatum there were a few pathological Alzheimer’s
type Il glial cells similar to presented by Simonati
in a few Alpers-Huttenlocher syndrome cases [28].
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Alzheimer’s type Il cells, although typical of liver fail-
ure (hepatic encephalopathy), are rarely described in
Alpers-Huttenlocher syndrome.

Hayhurst et al. demonstrated extensive involve-
ment of occipital cortical interneurons and pyrami-
dal neurons and reduced density of cerebellar Pur-
kinje cells in patients with Alpers syndrome. The
authors showed evidence of extensive complex
| defects affecting GABAergic cortical interneurons
and cerebellar Purkinje cells. Authors suggested that
interneuron and Purkinje cell pathology underlies
the development of seizures and ataxia in Alpers’
syndrome [14].

It was unusual in the clinical course of the disease
that pancreatitis was diagnosed before symptoms of
liver failure appeared. Acute pancreatitis caused by
valproic acid is reported extremely rarely (especially
in children) and does not have to be associated with
mitochondrial disease by some authors [2,10,29].
However, other authors underlie that pancreatitis
can be an unusual complication associated with
mitochondrial disease. Toyono reported the first case
of chronic pancreatitis associated with mitochon-
drial encephalopathy with the m.8344A>G in MTTK
mitochondrial gene [33]. Ishiyama described 2 cases
of mitochondrial disease complicated by pancreati-
tis as an unusual pancreatic exocrine manifestation
[16]. Montine presented Alpers’ syndrome with sei-
zures and multiple stroke-like episodes and acute
haemorrhagic pancreatitis [21]. Finsterer and Frank
reviewed gastrointestinal manifestations of mito-
chondrial disorders and pancreatitis with or with-
out diabetes and with or without exocrine pancreas
insufficiency. Authors underlined that the cause of
pancreatitis in mitochondrial diseases is unknown,
but it can be speculated that the metabolic defect
in exocrine pancreas cells promotes a defect in exo-
crine enzyme secretion, which could result in intra-
cellular protease accumulation and activation [9].

In the presented case, the symmetrical bilater-
al damage of the medial accessory olivary nuclei is
worth noting. The olivary nuclei became hypertro-
phic, with bizarre, deformed nerve cells and many
multinuclear astrocytes. Hypertrophic olivary degen-
eration is a rare form of trans-synaptic degeneration
and has been reported in inferior olivary nucleus.
Injury to the dentato-rubro-olivary pathway causes
hypertrophy and enlargement of the inferior olivary
nuclei, which is called hypertrophic olivary degen-
eration [26]. It can be observed in ischemic stroke,
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neoplasms, pons haemorrhage, vascular malforma-
tions damaging the dentato—olivary pathway [32].
Medial accessory nucleus is a part of the accesso-
ry olive-cerebellar pathway, and the damage of this
pathway corresponds to the ataxia.

Goto et al. revealed six different stages of olivary
changes after the destruction of the central tegmen-
tal tract in the pons: 1) no olivary changes, 2) olivary
fibres degeneration, 3) olivary hypertrophy, 4) culmi-
nant olivary enlargement, 5) olivary pseudohypertro-
phy, and 6) olivary atrophy. In fourth and fifth stages
prominent gemistocytic astrocytes in the character-
istically enlarged inferior olivary nuclei were found
[11]. In our case, the intensive gemistocytic, multi-
nuclear astrocytic reaction was observed within the
olivary nucleus, what suggested a longer-lasting
degeneration process.

These secondary degenerative changes were
described mainly in the inferior olivary nucleus. Ret-
rograde degeneration within the medial accessory
olivary nucleus has been reported very rarely. It was
presented by Robertson in association with chronic
cerebellar stimulation [25].

Bilateral hypertrophic olivary degeneration, but
only on brain MRI, has been reported in a few met-
abolic, genetic and neurodegenerative disorders,
including mitochondrial disorders such as Leigh
and Leigh-like syndrome [4,30] or in patients with
heterozygous mutations in the POLG gene [18]. It
should be mentioned here that there is a difference
in the diagnosis of hypertrophic olivary degenera-
tion by radiologists and neuropathologists. In the
quoted articles on hypertrophic olivary degenera-
tion in MRI, authors described enlargement, lateral
placement, round shape and focal T2 hyperinten-
sity as the criteria defining hypertrophic olivary
degeneration [4,18,30]. In the histopathological
evaluation, the term hypertrophic olivary degener-
ation refers mainly to degenerative changes within
the olivary nucleus [11]. It should be emphasized
that the radiological diagnosis of hypertrophic oli-
vary degeneration is not strictly consistent with the
histopathological diagnosis and the use of patho-
logical diagnosis to describe radiological changes
may be confusing.

There is great variability in the clinical course and
the neuropathological picture in cases of POLG gene
mutation and it remains unclear what causes this
diversity. Betts suggests that this is due to a small
number of autopsies performed, especially those
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which include a complete neuropathological exam-
ination [3].

The most common POLG mutation, p.Ala467Thr
also exhibits considerable phenotypic heterogeneity.
Rajakulendran et al. analysed this mutation in mito-
chondrial diseases. Authors evaluated the clinical,
neuropathological and mitochondrial genetic fea-
tures in unrelated patients with homozygous p.Ala
467Thr mutations and considered the mechanisms
by which homozygous p.Ala467Thr mutations give
rise to such diverse phenotypes. Their conclusions
emphasize the variable and overlapping clinical
and neuropathological phenotypes and molecular
defects caused by the A467T mutation, which may
result from factors such as the mtDNA genetic back-
ground, nuclear genetic modifiers and environmen-
tal stressors [24].

Accurate diagnosis, including post-mortem,
of each case of Alpers-Huttenlocher syndrome is
valuable not only for genetic counselling, but also
because of the need for further research into the
pathogenesis of this syndrome and other mitochon-
drial diseases.
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