
Abstract. Mitochondrial changes of healing sarcoids were
followed in 17 affected horses. Biopsies of this fibroblastic skin
tumour were collected both before and during the treatment and
tumour regression. The therapy consisted of the partial excision
of tumours, repeated immunizations with autogenous
polymerized tumour particles and supportive dietary treatment
with stannic chloride and folic acid. Presence of transformed,
electron-dense mitochondria in different phases of healing was
studied by successive biopsy from regressing tumours.
Additionally, the relation of these transformed mitochondria to
the clinical status and behaviour of the tumours was evaluated.
Transformed mitochondria were not found in the tumour tissue
of the horses that had not been earlier treated by
bioimmunotherapy, while after the therapy, all of the regressing
tumours showed electron dense mitochondria. These changes
were found significantly more in the margin of the regressing
tumours than at the centre, i.e. at the site where the visible
healing had further progressed. There was no difference
between the numbers of transformed mitochondria in the horses
with initially a primary or recurrent tumour. However, horses
that developed recurrent disease after bioimmunotherapy
showed significantly smaller numbers of electron-dense
mitochondria as a response to bioimmunotherapy than the
horses which did not experience relapse. Mitochondrial changes
seem to be dynamically linked to the healing process and,
additionally, may reflect prognosis.

Equine sarcoid is a fibroblastic skin tumour that may affect
horses at any age (1). However, patients are mainly young,
and both sexes are equally represented. Sarcoid does not
metastasize to internal organs (1, 2), but may exist in the
skin as a single tumour or multiple tumours of various gross
types. Bovine papillomavirus (BPV) or a closely related

virus is strongly suspected as being the causative agent of
equine sarcoid (3, 4). Curative treatment is challenging,
since this commonest tumour of the horse tends to recur
despite different methods of treatment (5).
In the present study, horses were treated by active specific

immunotherapy combined with supportive dietary
components. This method of treatment, known as
bioimmunotherapy (6), does not necessitate a total extirpation
of the sarcoid tissue (7, 8), thus providing an excellent
opportunity to obtain serial biopsies from the regressing
tumour. In the earlier studies, neither typical immunological
reactions, nor chromosomal alterations, nor any form of cell
death including apoptosis could be linked to the complete
regressions recorded following bioimmunotherapy (9-13).
However, transformed mitochondria containing electron-
dense bodies have been found in the regressing tumours, both
in human and horse patients (12). These dark bodies could
not be related to any known intracellular structures, such as
viruses or lysosomal inclusions (10). They are not stained
with melanin and do not exist copiously in the epidermis,
unlike melanosomes (13). The preliminary findings of
intramitochondrial electron-dense bodies and their association
with the regression of equine sarcoid (10, 13) was later
significantly confirmed (14).
The aim of this study was to follow mitochondrial changes

in different phases of healing by successive biopsies taken
from various sites of the regressing tumour tissue. The
number of electron-dense transformed mitochondria was
counted in the different parts of the tumour. Additionally, the
difference between the presence of transformed mitochondria
in the primary phase or recurrent disease was evaluated and
also the linkage between the number of electron dense
mitochondria and later relapses.

Materials and Methods
In total, biopsies of 19 horses were examined under electron
microscopy in this study. Of the horses, 17 suffered from sarcoid
and had been part of a series of studies on equine sarcoids carried
out on 32 horses. Of the 17 affected horses, 10 suffered from
previously untreated sarcoids, while 7 animals had sarcoids
surgically treated once or several times. In addition, two horses with
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a recurrence after bioimmunotherapy were studied anew following
the relapse. Two healthy horses were used as controls. The diagnosis
of equine sarcoid was confirmed by light microscopy.

Clinical treatment. The treatment consisted of a partial surgical
extirpation of the tumour, repeated intradermal immunizations,
usually 3-5 times, utilizing autogenous polymerised tumour tissue
obtained from the debulked part of the tumour combined with
supportive dietary treatment containing stannic chloride and folic
acid (8, 14). Immunizations were injected at the sites of healthy skin
in the neck and/or loin regions depending on the location of tumours.
After this partial excision, the base of the tumour was left untouched
in the skin. The horses were followed up for 3 years or more.

Electron microscopy. Biopsies for electron microscopy were
collected from tumours both before and during tumour regression.
The first samples were taken when the treatment began. The follow-
up biopsies were collected when tumour regression and visibly
normal epithelisation were observed in the base of the partially
excised tumour. The first specimens were taken both from the
margin and the centre of each tumour and the follow-up samples
from the margin and the centre of the regressing tumour base.
As controls, 10 samples of normal equine skin were collected

from 7 horses, of which 5 were affected by sarcoids and 2 were
healthy horses. Of the 10 control samples, 7 were taken from the
neck skin and 3 from the vicinity of the tumour. From two of the
affected horses, biopsies from normal skin were also obtained both
before and during the therapy.
Samples were fixed in 2% formaldehyde with 1.25%

glutaraldehyde solution and with 0.1 M phosphate buffer added at
the time of biopsy, the final pH being 7.2. All samples were washed

in the same buffer as was used in the fixation solution, post-fixed
in phosphate-buffered 1% OsO4, dehydrated and embedded in
Epon. Specimens were sectioned at 60 nm and post-stained with
lead citrate and uranyl acetate. Three fields from each sample were
systematically scanned for the calculation of the number of normal
and transformed, electron-dense mitochondria. Samples that
contained 80% or more transformed mitochondria as a proportion
of the total number of mitochondria detected were graded as
abundant, samples with 20-80% as moderate, while samples with
fewer than 20% were regarded as mild.

Statistical analysis. The difference between the presence of
transformed mitochondria in sarcoid tumours before and during
regression was statistically evaluated using exact McNemar’s test
(StatsDirect, StatsDirect Ltd, Sale, Cheshire, UK). The difference
between the number of transformed mitochondria in the margin and
at the centre of the tumour during regression was analysed using
Fisher’s exact test (StatsDirect). The latter test was also used when
the number of transformed mitochondria was evaluated between the
horses with recurrence after bioimmunotherapy and the horses
without. A two-sided p-value <0.05 was considered significant in
both tests.

Results

Clinical results. Of the 17 horses treated by bioimmu-
notherapy, 11 did not develop a recurrence during the 3-year
follow-up, while 6 horses did. The recurrences appeared
from 4 months to 2.5 years after partial surgical extirpation.
One of these horses with recurrence had initially suffered
from a primary tumour, while the others had had recurrent
tumours before the bioimmunotherapy started. The horses
without a recurrence have been followed for 4-12 years after
bioimmunotherapy, the mean being 6.8±3.0 years.
Electron microscopy. In the first biopsies before the therapy,
electron-dense mitochondria were not detected in tumour
tissues (Figure 1), except in one horse. This horse was
immunized earlier using a pooled vaccine made from
tumours of other diseased horses, since autogenous tumour
material was not available at the time when this
bioimmunotherapy started.
The follow-up biopsies were taken when the first signs of

healing were observed. The time of biopsy varied from 1 to 3
months after the start of therapy. At that time, the horses had
usually been immunized 2-3 times, at 2- to 4-week intervals.
Macroscopically, the tumours showed visibly normal
epithelisation at the margin, while some of the tumours still
had fibroblastic tumour tissue at the centre. Electron-dense
mitochondria (Figure 2) were found both in the margin and at
the centre of regressing tumours. The number of the
transformed mitochondria found in the sarcoid tumours before
and during regression is presented in Table I. In most of the
horses, the number varied in different parts of the tumour.
When an equal number at different sites was detected, these
samples showed only a mild number of electron-dense
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Figure 1. Equine sarcoid cells before treatment and regression (EM x 7,200).



mitochondria. No samples were found in which both the
margin and centre had simultaneously shown an abundant
number of transformed mitochondria. The difference between
the presence of transformed mitochondria before and during
tumour regression was statistically significant (p=0.002). The
number of transformed mitochondria was significantly smaller
(p=0.03) at the centre of regressing tumours than in the
margin. The difference was more obvious in the horses with
primary tumours at the beginning of bioimmunotherapy
(p=0.0152), while in the horses with initially recurrent
tumours, this could not be statistically confirmed. However,
the total number of transformed mitochondria found in
primary or recurrent tumours during regression did not
significantly differ between these tumours.
Not only did the number of electron-dense mitochondria

vary in different sites of the tumour tissue, but so did the
number and electron density of the mitochondria in individual
cells of the same sample. Some of the cells showed numerous
transformed mitochondria (Figure 2), while neighbouring
cells might have none. Occasionally, the total number of
mitochondria seemed to be greater in the cells with electron-
dense mitochondria than in the cells showing solely normal
mitochondria. Similarly, some of the mitochondria in the
same cell were totally full of electron dense masses, while
others showed only a minimal amount or appeared as being

nearly empty (Figure 3). Although some mitochondria had a
sparse number of electron-dense masses, normal-looking
cristae could not usually be found in the matrix (Figure 3).
The horses that did not have recurrence after

bioimmunotherapy more often showed an abundant number
of electron dense mitochondria in the regressing tumour cells
as compared with the horses that later developed a
recurrence (p=0.035). Additionally, the horses with
forthcoming recurrence more often tended to have only a
small number of transformed mitochondria in the regressing
tumour tissue than the horses which did not develop
recurrent disease (p=0.0549). Of the horses with relapse
after the first session of bioimmunotherapy, two horses were
treated anew with autovaccine made from this recurrent
tumour tissue. One of the horses showed a mild level of
electron-dense mitochondria in the first specimens before the
new course of immunization, while the other did not. After
immunizations, both of the horses showed an abundant
number of transformed mitochondria simultaneously in the
margin and at the centre of regressing tumours, which was
not found in any of the regressing tumours after the first
course of bioimmunotherapy. Unfortunately, both of these
horses were followed for less than 7 months, since they were
euthanized due to lameness not related to equine sarcoid. The
number of transformed mitochondria in the regressing
tumour tissue did not show any relation to the time from the
start of the therapy nor to the number of immunizations.
In the normal skin, the number of electron dense

mitochondria ranged from absent to moderate, the average
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Table I. Presence of electron-dense mitochondria in equine sarcoids and
normal skin before and during immunization and tumour regression.

Number of electron-dense mitochondria

Site of biopsy Absent Mild Moderate Abundant Total

Normal skin 2 2 1 0 5

Normal skin 0 1 2 0 3
nearby tumour

Normal skin after 0 2 0 0 2
immunization

Tumour before 11 0 0 1* 12
immunization

Tumour margin 0 3 3 6 12
after immunization

Tumour centre 0 12 0 4 16
after immunization

*This horse was immunized earlier by a pooled vaccine from other
sarcoid horses.

Figure 2. Numerous electron-dense mitochondria surrounding the
nucleus of the regressing equine sarcoid cell after active specific
bioimmunotherapy (EM x 8,700).



number of transformed mitochondria being under 20% (Table
I). After immunizations, the number in the normal skin did
not exceed 20% , while in the healing tumours of the same
horses, transformed mitochondria were found in abundance.

Discusssion

The idea that mitochondria may play a role in tumour
healing following biotherapy was first found in rats with
chloroma leukaemia (15). A certain mitochondrial fraction
separated from the homogenate of a localized tumour
protected rats from being induced with leukaemia, even with
high doses of leukaemic cells. However, it was not clear why
this certain fraction containing light mitochondria with
electron-dense particles produced the saving effect, while the
other fraction consisting of normal structured mitochondria
did not (15). Not until intramitochondrial electron dense

bodies were found in regressing equine sarcoids following
bioimmunotherapy was this electron-dense material
associated with the healing process (10, 13).
Before the therapy and tumour regression, mitochondria

did not show electron-dense bodies in the matrix. This has
also been found in earlier studies (12, 14). In the present
study, the only horses that had intramitochondrial dark
bodies in tumour tissue before regression were both
previously treated by bioimmunotherapy: one with pooled
vaccine and the other with its autovaccine. However,
bioimmunotherapy seemed not to influence the presence of
dark bodies in the healthy skin. Affected horses showed as
equal a number of electron-dense bodies in the normal skin
both before and during the therapy as the healthy control
horses. It seems that the immunization with autogenous
polymerized protein particles affects mitochondria
specifically in tumour cells, but not in healthy skin cells.
The number of transformed mitochondria varied in the

different sites of a regressing tumour, probably depending on
the healing status of the tumour tissue. According to earlier
studies on macroscopical and histopathological changes in
regressing sarcoids, the healing begins from the margin of
the debulked tumour and progresses to the centre (11). In the
present study, the number of transformed mitochondria was
greater in the margin of the tumour than at the centre.
Additionally, the horses with primary tumours showed more
clearly an abundant number of transformed mitochondria at
the margin than the horses with initially recurrent tumours.
This finding is compatible with the earlier observation that
primary tumours heal more quickly than the recurrent ones
(11). Interestingly, there were no samples where both the
margin and centre had shown simultaneously abundant
numbers of transformed mitochondria after the initial
bioimmunotherapy. The various numbers of transformed
mitochondria in different parts of the healing tumour may
reflect the dynamic nature of mitochondria.
Although transformed mitochondria were found

abundantly here and there, not all skin fibroblasts contained
these mitochondria. Some of the cells had more or less
normal mitochondria, or mitochondria with almost an empty-
looking matrix. In rats, it has been found that only organ
specific mitochondria are transformed and exert a curative
effect (12, 15). This may be true also with horses, thus
explaining the simultaneous presence of normal-looking
mitochondria. The reason for the transformed mitochondria
ejecting some of the electron-dense material, which led them
to become empty, needs further studies. However, the mild
number of electron-dense mitochondria with simultaneously
empty-looking mitochondria may be related to exenteration.
In the cells with a great number of transformed
mitochondria, it seemed that these cells sometimes contained
more mitochondria than the cells containing only normal
mitochondria. Cancer cells tend to return to anaerobic
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Figure 3. Mitochondria with variable electron density in regressing
tumour tissue (EM x 17,500).



glycolysis, a less efficient and primitive source of metabolic
energy, due to the loss of mitochondrial numbers and mass
(16). Whether fission plays a role in the regressing tumour
cells with numerous transformed mitochondria is so far only
a speculation. Mitochondrial fission is a well-known event,
particularly linked to cell division, but additionally it appears
continuously during the whole lifespan (17-19). However,
mitochondria are dynamic organelles and their rate of fission
may be as high as one fission every other minute (17).
Electron density may be related to the metabolic and

dynamic status of the mitochondrion. Electron-dense inclusions,
granula mitochondrialia, are normally found in the matrix of
mitochondria (20). High electron density is suggested to be a
result of a sequestration and storage of calcium, or the
consequence of the retention of osmium tetroxide by
phospholipoproteins (17). However, these electron-dense
inclusions are much smaller than the dark bodies following
bioimmunotherapy and are situated between intact cristae,
unlike the bodies found in the present study. The electron-dense
bodies following bioimmunotherapy may be linked to changes
in metallic content (e.g. in activation of metalloentzymes) of
mitochondria, as was found in a previous study (12), and/or to
changes in the activity or synthesis of phospholipoproteins (17).
Transformed mitochondria showed a marked increase of
chromium, iron, zinc, titanium and a decrease in strontium as
compared with the content of normal mitochondria (12).
An exciting finding was that mitochondrial changes seem

to be linked to the prognosis of this cancer form. At the
beginning of the bioimmunotherapy, no histopathological
difference could be found between the primary and recurrent
tumours by light (11) or electron microscopy. After
bioimmunotherapy, however, the horses without recurrence
during a 3-year follow-up period showed more numerous
electron-dense bodies in the regressing tumour tissue than
the horses which later developed recurrent disease.
Mitochondria seem to participate in tumour regression and

have a dynamic role during the healing process. Additionally,
intramitochondrial changes seem to be a prognostic factor in
tumour recurrence.
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