
&p.1:Abstract Oxyphilic hepatocytes, also called hepatic on-
cocytes, have been found in 20 of 47 cirrhotic livers
(42%) with defects of the respiratory chain. Immunohis-
tochemical studies using antisera against cytochrome-c-
oxidase (complex IV) revealed respiratory chain-defi-
cient oxyphilic foci in 16 of the 20 cases (75%). Four-
teen percent of the oxyphilic areas were deficient,
whereas only 8.5% of the nonoxyphilic liver nodules
showed respiratory chain defects (P < 0.004). In addi-
tion, oxyphilic foci made up about 18% of all defective
areas but were present in only 11.5% of the regenerative
nodules. These results illustrate that oxyphilic cell
change is associated with a higher propensity for the de-
velopment of respiratory chain defects, but is not obliga-
tory for this.
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Introduction

Oxyphil cells, which also are called oncocytes, are char-
acterized by a high content of mitochondria. Oxyphil
cells are found nearly in all epithelial organs [27]. They
are most evident in the salivary glands, the thyroid gland,
the parathyroid and the kidneys [28]. In the parathyroids
oncocytes typically form islands and nodules with in-
creasing age [2]. Similar oxyphilic cell change has also
been described in the liver, especially when cirrhosis or
fibrolamellar carcinoma is present [4, 7, 10, 23, 25, 41,
61].

The significance of this type of cell is still unclear. It
has been postulated that oxyphilic metaplasia reflects the
attempt by the cell to compensate for the functional inef-
fectiveness of mitochondria by hyperplasia. In fact, we
were able to show that defects of ubiquinone-cyto-

chrome-c-oxidoreductase and cytochrome-c-oxidase
(complex III and IV of the respiratory chain) may occur
in oxyphil cell aggregates in the parathyroid glands [11,
12, 48, 53], increasing with age. Age-related defects of
the respiratory chain have also been described in other
tissues, especially the skeletal muscle including limb, ex-
ternal eye muscles and diaphragm [47, 51, 54] and also
in the heart and the substantia nigra [32, 46]. In a recent
study similar defects were also found in normal and cir-
rhotic livers [55].

The present investigation addresses the question as to
whether oncocytic cells in the liver are especially prone
to developing defects of the respiratory chain.

Methods

Forty-seven cirrhotic livers were explanted because of hepatitis B
or C, primary biliary cirrhosis, alcoholic liver disease or crypto-
genic cirrhosis. The tissues were fixed in formalin (10%), embed-
ded in paraffin and routinely stained with haematoxilin-eosin,
Prussian blue for iron detection and elastica-van Gieson stain. In
the livers defects of cytochrome-c-oxidase, the terminal enzyme of
the respiratory chain [35], were detected by immunohistochemis-
try in an earlier study [55]. Cytochrome-c-oxidase is composed of
13 subunits, the largest (I–III) of which are encoded by mitochon-
drial DNA (mtDNA). These three subunits are essential for the en-
zyme function, because they contain the catalytic centres. The nu-
clear subunits probably have regulatory functions and are respon-
sible for organ-specific isoenzyme expression [35]. Immunohisto-
chemistry was performed with subunit-specific polyclonal antisera
that had been raised in rabbits against the mitochondrially derived
subunit II/III and nuclear subunit Vab of cytochrome-c-oxidase
and characterized by an ELISA test and Western blot analysis
[33]. The antisera were kindly provided by Prof. Dr. B. Kaden-
bach, Fachbereich Biochemie, University of Marburg. Immunohis-
tochemistry was performed as previously described [49].

Briefly, deparaffinized rehydrated sections were treated with
H2O2 (7.5% in distilled water), preincubated with normal goat se-
rum (1:10 in phosphate-buffered saline) for 20 min, and incubated
with the specific primary antibody for 20 min at room tempera-
ture. Visualization was performed by application of the avidin–bi-
otin complex kit (Vectastain, PK 6101; Vector Laboratories Bret-
ton, Peterborough, UK) using AEC as chromogen.

In the present study the defects of cytochrome-c-oxidase were
further analysed for the presence of oxyphilic cell change. Oxy-
philic cell change was present in 20 cases. The aetiology was hep-
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atitis B in 4 cases, hepatitis C in another 4 cases, primary biliary
cirrhosis in 2 cases and alcoholic cirrhosis in 3 cases. In 7 cases
cryptogenic cirrhosis was diagnosed. Of each liver one section, on
average 2–3 cm2, was analysed for the presence of defects of cyto-
chrome-c-oxidase.

To quantify any heterogeneity in contingency tables, Pearson’s
Chi-square test was used for statistical analysis.

Fig. 1 A Oxyphilic cell cluster in the periphery of a regeneratory
liver cell nodule in a case of cryptogenic cirrhosis characterized by
an enlarged granular cytoplasm. ×320 B Immunohistochemical de-
tection of cytochrome-c-oxidase-deficient oxyphil hepatocytes.
The mitochondrially coded subunits II/III are lacking in the oxy-
phil cells but are normally expressed in the surrounding normal
hepatocytes. ×320 C Immunohistochemistry of the nuclear subunit
Vab of cytochrome-c-oxidase, showing a loss of the protein in the
same cells. ×400&/fig.c:

Fig. 2 A Deficiency of subunit II/III in the normal hepatocytes of
a regeneratory nodule, whereas the adjacent oxyphil cells (B) of
the same nodule are spared and show intensive staining of the cy-
toplasm in a case of hepatitis B. ×320 B Routine HE stain to show
that both the deficient regular hepatocytes and the nondeficient
oxyphil hepatocytes are structurally well preserved. ×320&/fig.c:

Fig. 3 A Two adjacent regeneratory nodules with oxyphil cells in
hepatitis C. ×320 B Immunohistochemistry of subunit Vab, show-
ing a defect in one nodule. In the other nodule the hepatocytes re-
act normally. ×320&/fig.c:
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Fig. 4 A Protein defect of cytochrome-c-oxidase, subunit Vab, in
a cell cluster within a hepatic nodule in hepatitis C. ×320 B Rou-
tine HE stain to show that the defect is present in a heterogeneous
cell population including typical oxyphilic, preoxyphilic and nor-
mal hepatocytes. ×320&/fig.c:

Fig. 5 A Oxyphilic cell cluster (see B) with a single cell defect,
subunit II/III (x), same case as Fig. 3. ×640 B Routine HE stain
showing the well-preserved structure of the deficient cell (x). ×640
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Table 1 Defect areas of the respiratory chain in oxyphil and nonoxyphil hepatocytes of cirrhotic liversa&/tbl.c:&tbl.b:

Oxyphil hepatocytes Nonoxyphil hepatocytes

Defect areas (A) Intact areas (B) Defect areas (C) Intact areas (D)

Minimum 0 2 – 0 55 –
Median 1 8 11% 9 97 8.5%
Maximum 6 43 – 26 229 –
Total** 42 258 14% 195 2095 8.5%

a Number of defect areas in 2,590 regenerative nodules
** P<0.004&/tbl.b:

A
A + B

C
C + D

Results

Oxyphilic cell change was characterized by the presence
of hepatocytes with enlarged eosinophilic and granular
cytoplasm (Figs. 1–5). The oxyphil cells most often
formed small aggregates in the periphery of the regener-
ative nodules (Figs. 1–4). Oxyphilic cell change was
found in 20 of the 47 cirrhotic livers (42%) and in 11.5%
of all 2.590 regenerative nodules studied (Table 1). No
degenerative cellular changes specifically associated
with oxyphil cells were seen.

Immunocytochemistry of cytochrome-c-oxidase re-
vealed the presence of enzyme defects both in regular
hepatocytes (Fig. 2) and in hepatocytes with oxyphilic
transformation (Figs. 1, 3–5), but not every oxyphil area
was involved (Figs. 2, 3). The defects affected both the
mitochondrial subunit II/III and the nuclear subunit Vab
of the enzyme (Fig. 1). Within an affected oxyphil area
all oxyphil cells, a group of cells, or even single cells re-
vealed the defect (Figs. 1, 5).

The intact oxyphil cells typically had an intensive im-
munocytochemical reaction because of their high content
of mitochondria (Figs. 2, 3, 5). Within the areas with the
defect the immunoreactivity of bile duct cells and of si-
nusoidal lining cells was well preserved.

Fourteen percent of oxyphil areas were deficient in cy-
tochrome-c-oxidase (Table 1), whereas only 8.5% of the
regenerative hepatic nodules without oxyphilic cell change
had such a defect (Table 1, P < 0.004). In addition, oxy-
phil foci made up 18% of all areas with the defect, but
were present only in 11.5% of the regenerative nodules.

Discussion

Various biochemical studies [3, 26, 37, 64] have revealed
a decline in respiratory chain functions with age in nor-
mal livers and also in cirrhotic livers [39]. This is charac-
terized by a decreased respiratory rate for various sub-
strates, a decrease in respiratory control (quotient of
ADP-stimulated/unstimulated respiration) and a signifi-
cant lowering of phosphorylation rate. In earlier investi-
gations we were able to demonstrate that defects of com-
plex III and especially of complex IV were found with
increasing frequency during normal ageing of the liver
and in cirrhosis, the defect area being significantly larger
in cirrhotic than in normal livers [55].

The aim of the present study was to analyse whether
oxyphilic cell change was associated with the defect ex-
pression. Oxyphilic cell change was found in 42% of the
cirrhotic livers with respiratory chain defects. This ratio
is far higher than in previous investigations on the occur-
rence of oxyphilic or oncocytic cell change in livers [25,
41], in which about 26–28% of the livers were found to
be affected. The most likely explanation for this differ-
ence is that we were dealing with a highly selected set of
cases, studying only livers with expression of defects of
the respiratory chain.

We found that oxyphilic hepatocytes are predisposed
to manifest defects of the respiratory chain. There was a
significantly higher involvement of oxyphil cell areas,
with 14% of the oxyphilic vs 8.5% of the nonoxyphilic
regenerative liver nodules showing defects (P < 0.004).
The defects were present in single oncocytes, complete
oxyphilic nodules or in parts of them. These results are
similar to those we obtained in parathyroids [48, 53] and
indicate that defect manifestation of the respiratory chain
is closely linked to proliferation of mitochondria but not
restricted to it. There was no association between the
type or aetiology of cirrhosis, the degree of oxyphilic
metaplasia and the degree of respiratory chain defect
manifestation. In earlier studies [25, 41] oxyphilic liver
cell metaplasia has also been found not to be related to
aetiology.

We suggest that the type and intensity of cell damage
interfering with the respiratory chain function of an af-
fected cell will probably determine whether defect mani-
festation occurs at an early age without mitochondrial
proliferation or at a later stage, when mitochondrial pro-
liferation (oxyphilic cell metaplasia) has occurred to
compensate for the damage in the respiratory chain [53].

Mitochondrial myopathies with defects in the respira-
tory chain typically show accumulations of (often abnor-
mal) mitochondria [11, 18, 20].
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Interestingly, a general increase in the total mitochon-
drial volume is observed in the human liver in ageing
[58]. The increase in total mitochondrial volume is main-
ly due an increase in the individual mitochondrial size.
The mechanisms leading to mitochondrial proliferation
in skeletal muscle or to oxyphilic cell metaplasia in epi-
thelial cells are unclear.

Defects of the respiratory chain may be due to altera-
tions of nuclear and/or mitochondrial DNA, since 4 of the
5 respiratory chain enzymes are composed of subunits de-
rived from the nuclear and the mitochondrial genome [5,
6, 59, 60]. In mitochondrial diseases mutations of both
genomes have been firmly established [1, 19, 31] and
point mutations in tRNAs and structural genes and dele-
tions of various lengths of mitochondrial DNA have been
well characterized. Similar mutations also occur in vari-
ous tissues during ageing [16, 34, 36, 40, 42, 63], albeit at
a lower rate. In skeletal muscle it has been found that the
mutations accumulate in the fibres with deficiency of the
respiratory chain [45, 50, 52, 57] and may therefore be
causative. It is assumed that damage by oxygen radicals
produced predominantly by the respiratory chain itself is
also a major detrimental factor [8, 17, 21, 22, 30, 56].

In the parathyroids [53] and in the liver [55] no con-
sistent association between the defect expression and
mutations of mitochondrial DNA could be established.
Defective expression of nuclear respiratory factors such
as NRF1 and NRF2 [62] is one intriguing explanation
put forward. These factors are involved in the activation
of human mitochondrial transcription factor A (mtTFA),
which is responsible for replication and transcription of
mitochondrial DNA [13], but NRF1 and NRF2 also acti-
vate other nuclear genes encoding cytochrome-c and nu-
clear subunits for 3 of the 5 respiratory complexes [62].
Recent molecular genetic studies using rho0-cells deplet-
ed of mtDNA and repopulated with mitochondria from
skin fibroblasts of elderly men also indicate that accumu-
lations of nuclear recessive somatic mutations may be re-
sponsible for in vivo age-related mitochondrial dysfunc-
tion [29].

Most interestingly oxyphilic cells with a defective
respiratory chain are structurally well preserved. They
appear to be like the normal hepatocytes without a defect
of the respiratory chain and do not differ morpholog-
ically from intact neighbouring cells. This indicates that
energy produced by aerobic glycolysis is sufficient to
preserve the structural integrity of the cells, as shown for
various cell types, including hepatocytes [9, 38, 43, 44].
Further results indicate that the viability of hepatocytes
depends less on the level of ATP than on the status of
gluthatione, a major oxygen radical scavenger [24].
Therefore, it is reasonable to assume that in the case of
increased exogenic stress these cells will be less stable in
their structure and function. Microinjection of mitochon-
dria isolated from the liver and fibroblasts from old rats
into cells of young rats indicate at least that degeneration
of mitochondria may be detrimental to the cell and lead
to premature cell death [14, 15].

In summary, hepatic oncocytes have been shown to be
prone to developing defects of the respiratory chain, in a
manner similar to oncocytes in the parathyroids. The un-
derlying pathogenetic mechanisms leading to the defect
expression remain to be established.
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