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Mitochondrial DNA depletion consisting of the systemic reduction of mtDNA copy 
number in cells may have a heterogenous genetic basis, resulting from a pathogen-
ic change in the nuclear genes involved in mtDNA synthesis. The mode of inheri-
tance is autosomal recessive. Severe hepatocerebral disease represents one of many 
different clinical forms of so-called mitochondrial depletion syndrome (MDS). We 
present the liver histopathology of 13 children who eventually died in the course 
of hepatocerebral MDS confirmed molecularly, harbouring mutations of DGUOK, 
MPV17, and POLG genes. Material comprising eight autopsy and five liver biop-
sy specimens showed a moderately reproducible pattern of parenchymal damage, 
which we consider potentially helpful in the differential diagnosis and planning 
of the diagnostic investigation in families of children who died due to early-onset 
acute liver failure and encephalopathy.

Key words: mitochondrial DNA depletion, liver failure, POLG1, DGUOK, 
MPV17.
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Introduction

In 1991 the first infants were described in whom 
a fatal mitochondrial disease was associated with very 
low copy number of mitochondrial DNA (mtDNA) 
in specific tissues  [1]. Subsequently, several cases 
of mitochondrial depletion were reported in infants 
who died due to acute liver failure [2]. Now we know 
that the  mitochondrial depletion syndrome (MDS) 
may present hepatocerebral, encephalomyopathic, 
myopathic, and neurogastrointestinal forms, and 
is caused by different gene defects  [3]. The  nucle-
ar genes responsible for appropriate mitochondrial 
DNA synthesis act at different points. In general, 
they may regulate either mtDNA polymerisation 

(POLG) or control the  supply of  deoxyribonucleo-
side triphosphates indispensable for mtDNA syn-
thesis (DGUOK, MPV17). The hepatocerebral form 
of  MDS in Poland is an  extremely rare condition. 
Moreover, our observation indicates that a low copy 
number of  mtDNA may occur also in non-genetic 
liver failure, and this parameter should be considered 
in relation to histopathological features of MDS [4].

The aim of the study is to characterise the histo-
pathological picture of the liver in the differential di-
agnosis of hepatic depletion syndromes in the clinical 
setting of  acute liver failure in children. It has not 
been analysed for MDS as a whole, with the excep-
tion of  Alpers-Huttenlocher syndrome caused by 
POLG mutations [5, 6].
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Material and methods

Thirteen patients with hepatocerebral MDS with 
confirmed molecular defects in POLG, DGOUG, or 
MPV17 genes were included in the examined group. 

Histopathological study comprised five core liv-
er biopsies and eight liver autopsy samples (one test 
of each patient).

Tissue samples were formalin fixed and paraffin 
embedded. The panel of histological stains included 
haematoxylin and eosin, PAS, PAS after diastase di-
gestion, reticulin stain, and AZAN stain for fibrosis 
evaluation.

The study was conducted in accordance with 
the principles outlined in the Declaration of Helsin-
ki. All parents or authorised guardians of the patients 
gave their informed consent for the study. The proto-
col was approved by the CMHI Bioethics Commis-
sion.

Histopathological evaluation criteria

For the purpose of the present study, we discerned 
different patterns of liver injury and applied the fol-
lowing grading/staging criteria for liver parenchymal 
damage and transformation.

1. Diffuse post-necrotic fibrosis with neocholangi-
olisation (0 – absent; 1 – present).

This pattern of  liver damage appears to be easy 
recognisable. Diffuse fibrosis with numerous prolif-
erating neocholangioles replaces damaged liver pa-
renchymal cells. There is almost no tendency and/
or potential for liver cell regeneration and nodular 
transformation. Scant preserved hepatocytes usually 
show advanced degenerative changes, microvesicu-

lar steatosis, and severe cholestasis. This pattern, if 
present, usually presents the  end stage form of  or-
gan damage and has not been graded in this study  
(Figs. 1-3).

2. Fibrosis leading to nodular transformation/cir-
rhosis (0-4 Batts and Ludwig) [7] (Fig. 4).

Fibrosis progressing from portal involvement 
through fibrous bridging to the development of cir-
rhosis, being the most typical sequence of damaged 
liver transformation, has been staged according to 
the  five-degree Batts and Ludwig system (0 to 4) 
conceived for evaluation of necroinflammatory liver 
injury and fibrosis in hepatitis  [7]. This scale was 
adopted due to its simplicity and reproducibility, as 
well as possible practical usage also in non-inflam-
matory liver disorders. Due to conceptually different 
patterns of liver fibrous transformation categories 1 
and 2 (diffuse vs. nodular) are recorded as mutually 
exclusive, although some degree of  overlap some-
times may exist.

3. Portal inflammation.
4. Lobular inflammation.
Portal and lobular inflammation have been graded 

according to five-point system (0 to 4), as used for 
staging of inflammation in hepatitis in the Batts and 
Ludwig scale [7].

5. Microvesicular steatosis (0-3) none; mild; mod-
erate; severe.

6. Macrovesicular steatosis (0-3) none; mild; mod-
erate; severe.

Steatosis, macro-, microvesicular, or mixed has 
been graded as: absent, mild, moderate or severe, 
depending on liver parenchymal area with lipid ac-
cumulation (0-5%; 6-30%; 31-70%; and 71-100%, 
respectively).

Fig. 1. Histopathological liver pattern of MSD caused by 
POLG gene defect (patient 7, autopsy). Almost total he-
patocyte loss and replacement by diffuse fibrosis with nu-
merous neocholangiolar profiles. Original magnification 
100 ×, HE stain. This pattern was seen in all patients with 
POLG gene mutations

Fig. 2. Histopathological liver pattern of MSD caused by 
DGUOK gene defect (patient 11, autopsy). Typical scarring 
pattern with small residual foci of  hepatocytes with ad-
vanced degeneration (lower edge and right corner). Origi-
nal magnification 200 ×, HE stain
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7. Cholestasis (0-3) none; mild; moderate; severe.
Cholestasis has been assessed subjectively and 

graded from absent to severe using semi-quantitative 
4-point scale (0 to 3).

8. Recent “fresh” necrosis.
Recent necrosis was recorded when the  areas 

of liver cell damage had not been replaced by post 
necrotic fibrous scar or proliferating neocholangi-
oles and graded semi-quantitatively in four-point 
scale.

9. Liver cell degeneration and ballooning (inten-
sity 0 to 3).

Collective analysis of  histopathological changes 
was carried out on the basis of a common question-
naire developed for the needs of this work.

Molecular methods

Total DNA was isolated from available tissues 
(blood, muscle, liver) by standard extraction methods 
(phenol/chloroform or automatic MagNA Pure LC 
2.0, Roche). The  mutation analysis was performed 
with the use of Sanger sequencing of PCR amplified 
exons with exon/intron boundaries of  the  MPV17, 
POLG, and DGUOK genes. Numbering of  re-
vealed nucleotide changes was based on reference 
sequences for the  MPV17 (RefSeq: NM_002437.4 
NP_002428.1), POLG (RefSeq: NM_002693.2; 
NP_002684.1), and DGUOK genes (RefSeq: 
NM_080916.2; NP_550438.1).

Results and comments

Clinical and molecular characteristics

The course of the disease and the molecular basis 
are presented in Table I. In patients with DGUOK 

and MPV17 defects, hepatic symptoms dominat-
ed; neurological symptoms occurred later and were 
mild. In patients with POLG defect, severe epilepsy 
prevailed at the beginning, and liver failure did not 
appear until valproate administration. All patients 
died from hepatic insufficiency aged 2 to 42 months, 
several while waiting for liver transplantation. In all 
subjects, the mtDNA/nDNA ratio in the  liver was 
extremely low (0.01-11% of  the  reference values). 
Case reports of part of the patients have been previ-
ously described in the literature. Relevant references 
are given in Table I. 

Results of molecular analysis of MPV17, DGUOK, 
and POLG are summarised in Table I. The above-men-
tioned genes are involved in mtDNA replication and 
have been shown to cause MDS as well as multiple 
deletions, resulting in infantile or later-onset mito-
chondrial diseases. 

Our experience so far indicates that molecular di-
agnostics for MDS should rely primarily on the ex-
clusion of DGUOK, MPV17, and POLG mutations, 
in particular the  common molecular variants, and 
then in the case of a negative result in further diag-
nostics.

Histopathological studies

Based on the  assessment of  five biopsies and 
eight hepatic sections from patients with known 
hepatocerebral depletion syndromes (DGUOK, 
MPV17, POLG), the diagnostic value of individu-
al histopathological parameters was estimated and 
the  “pattern”  of  these changes corresponding to 
the diagnosis of MDS was determined (Table II). It 
is thoroughly described and discussed in the next 
section.

Fig. 3. Histopathological liver pattern of MSD caused by 
DGUOK gene defect (patient 10, autopsy). Portal tract 
with total loss of surrounding hepatocytes, replaced by fi-
brous tissue with cholangiolar structures. Original magni-
fication 200 ×, HE stain

Fig. 4. Histopathological liver pattern of MSD caused by 
MPV17 gene defect (patient 1, autopsy). Classical nodular 
transformation with hepatocyte necrosis, degeneration, and ste-
atosis. Original magnification 200 ×, HE stain. This, or similar 
pattern, was seen in patients with MPV17 gene mutations
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Discussion

The aim of  this study was to call histopatholo-
gists’ attention to MDS as one of the possible caus-
es of an acute liver failure in neonates, infants, and 
young children, and to summarise liver histopatho-
logical findings. Clinically hepatic involvement is 
usually accompanied by some degree of  neurolog-
ical dysfunction and features of  encephalopathy. In 
the  majority of  patients with the  fully developed 
stage of the disease it may be difficult to recognise en-
cephalopathy as a separate, inherent feature of MDS, 
because it may be considered secondary to (usually 
severe) liver dysfunction. In all children from our 
study group, the  liver damage was severe, eventu-
ally leading to the patient’s death. It is obvious that 
autopsy material reveals more advanced liver injury 
than biopsy samples because indications for biopsy 
procedure require adequate liver sufficiency, mainly 
proper synthesis of coagulation factors.

In our opinion, the pattern of diffuse postnecrot-
ic fibrosis with neocholangiole formation, reflecting 
massive parenchymal damage and scarring, consists 
of  a  common end point in the majority of patients 
(patients 4-11). It may be accompanied by variable 
degrees of  degeneration, steatosis, and cholestasis 
of  residual hepatocytes.  The  foci of  surviving he-
patocytes are larger at the  early stages of  liver dis-
ease progression, giving the  impression of  nodular 
transformation and retained capacity for regenera-
tion. Understandably, this pattern is more likely to 
be seen in biopsy material (patients 12 and 13). In 
fact, knowing the primary cause of disease, the fate 
of  liver parenchymal cells is invariably unfortunate. 
In some patients diffuse fibrosis is not so pronounced, 
and nodular transformation with mixed steatosis and 
degeneration predominates (patients 1, 2, 3).

In a few publications similar liver lesions in MDS 
have been reported by other authors. Morris et al. de-
scribed “geographic areas of  liver fatty change, bile 
duct proliferation, collapse of  liver architecture and 
fibrosis” in the biopsy and autopsy material of three 
patients with mtDNA depletion  [2]. They stated 
that liver histology can be helpful in making the di-
agnosis of  MDS. Here, it must be clarified that in 
MDS “bile duct proliferation” should be described as 
“diffuse neocholangiole formation and fibrosis” be-
cause the first term is widely understood as ductular 
reaction at the periphery and/or inside portal tracts 
in liver disease (e.g. in biliary atresia), while the sec-
ond is the reflection of diffuse irreversible hepatocyte 
damage and replacement fibrous-biliary scarring. Re-
gardless of the name, the pattern of liver damage in 
Morris’ study microphotographs was the same as that 
observed by us in advanced post-mortem cases  [2]. 
Similar hepatic lesions were also comprehensively pre-
sented by Harding, who described them in autopsy  

livers of  26/30 patients with Alpers Huttenlocher  
syndrome, calling them “typical”. The  remaining 
four patients showed mid-zonal necrosis or fatty 
change only [11]. 

The child who succumbed to progressive disease 
with features of  liver failure may pose a  diagnostic 
challenge for pathologist in post-mortem examina-
tion. In our experience, in some patients the superim-
posed features of infection and sepsis may be mislead-
ing in establishing the primary cause of fatal disease 
because the  liver degenerative and post-necrotic le-
sions may be falsely interpreted as a secondary phe-
nomenon. It should be emphasised that since in he-
patocerebral MDS the clinical course may by rapidly 
fatal, the autopsy may consist of the last opportunity 
for obtaining diagnostic material for molecular inves-
tigation. Thorough neuropathological examination is 
of  course mandatory because it may potentially re-
veal helpful findings.

The role of molecular assessment in the whole in-
vestigation is conclusive, but the strategy of the diag-
nostic approach should take advantage of all patho-
logical observations. For the present, we believe that 
the histopathological pattern may suggest a molec-
ular background in POLG and DGUOK mutations, 
which leads to the development of “typical” diffuse 
scarring and neocholangliolisation (Figs. 1-3). This 
concerns late stage of  liver damage, as has already 
been mentioned. Patients with MPV17 mutations, 
and DGUOK at an early stage, show classical cirrhot-
ic pattern with prominent steatosis (Fig. 4). The lat-
ter pattern of liver damage is generally non-specific, 
so its diagnostic usefulness seems disputable.

 Another issue that should be mentioned is the sec-
ondary mtDNA depletion, which may be found in 
tissues with pathological architectural or necrotic 
transformation leading to alteration of  nDNA to 
mtDNA proportion. Interestingly, in our previous 
study, in depleted livers in which the molecular test-
ing was negative, the liver histopathology picture had 
a different character. Among others, extensive hae-
morrhagic necrosis, inflammatory features, or other 
non-specific lesions were seen. Negative correlation 
was found in the total 243 liver specimens between 
the value of the mtDNA/nDNA ratio and the pres-
ence of fibrosis, inflammation, and necrosis [4].

Conclusions

The possibility of  MDS should be considered in 
all children with early-onset acute liver failure, es-
pecially if accompanied by neurological dysfunction. 
In hepatocerebral MDS, fully developed liver disease 
presents a  reproducible pathological pattern of  pa-
renchymal damage. The  value of  histopathological 
examination in differential diagnosis of MDS is sup-
plementary to the  analysis of mtDNA depletion in 
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tissues. Due to the possibility of secondary mtDNA 
depletion, both of these parameters must be analysed 
together (equally).
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