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Mitochondrial transmembrane potential in spontaneous and camptothecin-
induced apoptosis of melanotic and amelanotic melanoma cells.
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In this work we tried to estimate the role of mitochondria in the ability of cells of two: melanotic and amelanotic
transplantable melanoma lines to undergo spontaneous and camptothecin-induced apoptosis.

We measured mitochondrial transmembrane potential (∆Ψ) changes during culture without (spontaneous apoptosis) and
with camptothecin (induced apoptosis) by using JC-1 staining and flow cytometry analysis. Cytochrome c release and
PARP cleavage as the biological effects of ∆Ψm changes belonging to the phenomena observed during apoptosis were
estimated by Western blotting.

The results of our investigations showed in both transplantable melanoma cells the features indicating apoptosis: ∆Ψ
changes, cytochrome c release and PARP cleavage, but the degree of observed changes depended on the phenotype of
melanoma cells examined. After camptothecin treatment the changes were more pronounced in the amelanotic melanoma
cells- the more aggressive line.
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Tumor treatment methods such as the use of antineoplastic
drugs, radiation and immunotherapy all include the initiation
of apoptosis as a part of their action

It has been postulated that tumor progression is not only
the result of uncontrolled tumor cell proliferation but also
a decreased ability to undergo programmed cell death. This
problem seems to be very important in tumor biology, espe-
cially in chemotherapy-resistant tumors [1,2,3] of which
melanoma is an example. Because of melanoma chemoresis-
tance its therapy is a serious clinical problem [2,3]. Although
there have been many publications concerning melanoma cells
programmed death and efforts to explain the molecular mecha-
nism of this phenomenon, the problem of apoptotic changes
during melanoma progression is still obscure [2,3,4].

As a model of our study we used two transplantable mela-
noma lines of common origin but differing in the rate of growth
[5], antigenicity, immunogenicity and changes in the plasma
membrane structure [6,7]. The first-melanotic melanoma line
(Ma) has a lower growth rate and lower immunogenicity, the

second-amelanotic one (Ab), which spontaneously originated
from the melanotic melanoma line is characterized by a faster
growth rate, higher tumorogenicity and shorter animal sur-
vival time [5].

These two forms of melanoma cells: melanotic and
amelanotic occur also in human melanoma, and the appear-
ance of amelanotic cells accompanies the progression of
pigmented melanoma [8].

In our preliminary studies we estimated spontaneous and
camptothecin-induced apoptosis of Ma and Ab melanoma lines
by: changes in the plasma membrane structure (Annexin V/PI
test), DNA fragmentation (“apoptotic ladder”), proportion of
cells in a hypodiploid fraction (cell cycle analysis by propidium
iodide-PI staining) and caspase 3 activity (colorometric test with
Ac-DEVD-pNA). Results of the above-mentioned studies
clearly showed that melanotic melanoma cells had higher abil-
ity to undergo spontaneous apoptosis and amelanotic melanoma
cells were more susceptible to camptothecin-induced apoptosis
but the mechanism of these changes has not been explained
and needs further investigation [9, 10].

In the present work we wanted to explain how the mecha-
nisms of apoptosis changed with the progression of this tumor.

Mitochondria are now thought to play the central role in
the regulation of apoptosis during which a number of pro-
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teins are released from mitochondrial intermembrane space
to cytosol [11,12,13,14,15].

The inner mitochondrial membrane is characterized by
a transmembrane potential (∆Ψ) – a proton gradient estab-
lished by the electron transport chain and required for the
synthesis of ATP. Changes in ∆Ψ and the mitochondrial mem-
brane Permeabilization leading to cytochrome c efflux are the
first signals of apoptosis [13,16]. The efflux of cytochrome
c to cytosol plays an essential role in the cascade activation of
factors causing cell death e.g. caspase 3 which cleaves Poly
(ADP-ribose) polymerase (PARP) to a 89-kDa fragment which
is a known marker of apoptosis [11,14,15].

The relationship between ∆Ψ decrease and mitochondrial
membrane permeabilization is very complicated and not yet
well understood [11,15,17,18]. ∆Ψ may be used on its own as
an indicator of the energization state of mitochondria. Main-
tenance of ∆Ψ is fundamental for the normal performance
and survival of cells.

Camptothecin – an inhibitor of topoisomerase I induces
apoptosis in some tumor cells [19,20] including melanoma
cells [21,22].

In this work, a continuation of our study on the abilities of
cells of two transplantable melanoma lines to undergo
apoptosis we would like to estimate the role of mitochondria
in this process by estimating the ∆Ψ changes and the biologi-
cal effects of these changes: cytochrome c release and caspases
activation measured by PARP cleavage.

Material and methods

Animals and transplantable melanomas. 2-3 months old male
Syrian (golden) hamsters Mesocricetus auratus Waterhouse
were used. The original transplantable melanotic melanoma
derived from a spontaneous melanoma of the skin and was de-
scribed by Bomirski as Ma line [5]. The amelanotic melanoma
line originated from the Ma form by a spontaneous alteration
of tumor phenotype described as Ab line [5] in which loss of
pigment was accompanied by changes in many biological fea-
tures [9]. Once established, these melanomas possessed
a considerable degree of phenotypic stability over decades of
passaging [5]. Since their discovery, each melanoma line is
maintained in vivo by consecutive, subcutaneous transplanta-
tions of tumor material every 21 (Ma) or 11 (Ab) days.

Isolation of single, viable melanoma cells and their cul-
ture. Melanoma cells were isolated for each experiment from
solid tumors (removed from animals at the schedule time of
transplantation as above) by a non-enzymatic method de-
scribed in [23]. The cell suspensions that were used in
experiments consisted from 95 – 98% of viable cells as esti-
mated by trypan blue exclusion assay.

Isolated cells at the concentration of 1x106 cells/ml were
incubated in the culture medium (RPMI 1640, 10% FBS
(Gibco), antibiotics) without (spontaneous apoptosis) or with
(induced apoptosis) 4 µg/ml camptothecin (CPT) (Sigma-
Aldrich St Louis, USA) for 4 and 24 hours at 37oC .

Cytofluorimetric analysis of ∆Ψm. Changes of the ∆Ψm
were analyzed using 5,5’,6,6’-tetrachloro-1,1’3,3’
tetraethylbenzimidazole -carbocyanine iodide (JC-1; Mo-
lecular Probes,Inc., Eugene, OR, USA) This assay detects
the collapse of ∆Ψm, an early event in apoptosis [24]. JC-1
forms monomers in mitochondria with a low negative ∆Ψm
(green fluorescence) or aggregates in mitochondria with
a high negative ∆Ψm (red fluorescence). Thus, the fluo-
rescence of dye changes from red to green as the
mitochondrial membrane becomes depolarized towards low
∆Ψm.

According to this assay we can estimate the percentage of
cells with depolarized mitochondria, which are moving to the
lower right corner on images from flow cytometer analysis,
because these cells lose red fluorescence [24].

This method allows us also to calculate the FL2/FL1 ratio
and use this value as the indicator of mitochondrial energetic
state of all cells [25]. The FL2/FL1 ratio was calculated di-
viding the mean fluorescence intensity values of FL2 (red
fluorescence- corresponding to high mitochondrial membrane
potential in high-polarized, high energy mitochondria) by
those of FL1 (green fluorescence- corresponding to low mi-
tochondrial membrane potential in low-polarized, low energy
mitochondria). According to the author of this method, de-
creasing value of FL2/FL1 reflects ∆Ψm decrease [25].

As a positive control for reduction of ∆Ψm the protonophore
carbonyl cyanide m-chlorophenyl hydrazone (CCCP; 100 µM;
Sigma-Aldrich) was added to cells 15 min before staining with
JC-1. After 4 and 24 hours culture cells were harvested and
1x106 cells/ml were incubated in PBS for 30 min at 370C with
10µg/ml JC-1,washed twice with PBS, suspended at total vol-
ume of 500µl and analyzed on a FACScan flow cytometer
(Becton Dickinson Immunocytometry Systems, San Jose, CA,
USA). After gating out small-sized (e.g., noncellular debris)
objects, 20 000 events were collected for each experiment. Bi-
variate plots of FL2 versus FL1 were used to analyze ∆Ψ. Results
were analyzed off-line using WinMDI 2.6 software (obtained
from J. Trotter, The Scripps Institute, La Jolla, CA).

The content of mitochondria in melanoma cells. The mass
of mitochondria in melanotic and amelanotic melanoma cells
has been done by 10-N-nonyl acridine orange (NAO; Mo-
lecular Probes Inc., Eugene, OR, USA) that binds
mitochondria and whose fluorescence was detectable in FL1
[26]. Cells were incubated at the concentration of 2x106 cells/
ml PBS with 2µM of NAO for 10min at 370C, washed twice
and analyzed on a FACScan flow cytometer as desribed
ealier.

Cytochrome c release. Cytochrome c release was estimated
by Cytochrome c Release Apoptosis Assay Kit (Oncogene Re-
search Product). To detect cytochrome c, cytosolic fraction from
10x106 cells was prepared according to the manufacturer proto-
col. 60µg of cytosolic proteins were separated on 15%
SDS-PAGE gel, then electrophoretically transferred onto ni-
trocellulose membrane for 2 hrs at 60 V constant voltage and
after overnight blocking probed with a primary mouse mono-
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clonal anti-cytochrome c antibody
(Oncogene Research Product) at
a dilution 0.5 µg/ml. Horseradisch
peroxidase-conjugated anti mouse
IgG (Sigma-Aldrich, St Louis, USA)
was used as a secondary antibody at
a 1: 10000 dilution. Specific for cyto-
chrome c bands were visualized by
a chemiluminescence detection kit
(Pierce SuperSignal West Pico, Pierce
Biotechnology, Rockford, IL, USA).

The blots were reprobed with an
antibody against β-actin (Sigma-
Aldrich, St Louis, USA) at a dilution
1: 6000 to confirm equal amounts
of protein in the lanes. Band inten-
sity was semiquantified using Quan-
tity One software (BioRad,UK) by
GelDoc2000 system (BioRad,UK )
and was shown on blots as a ratio to
actin.

PARP cleavage as a marker of
caspase activation. 2x106 cells were
lysated in hypotonic Tris/Nonidet 40/
Tween-100 buffer with protease in-
hibitor cocktail (aprotinin 100 µg/ml,
leupeptin 100 µg/ml, iodoacetamide
1.8 mg/ml, phenyl-methyl sulphonyl
fluoride (PMSF) at 1 mM) for 1 hour
on ice, spun for 5 minutes at 10000
rpm, supernatants were collected and
stored at -70°C until further process-
ing. The lysates were resolved by
standard polyacrylamide gel electro-
phoresis (SDS-PAGE) on 8 % gel and
proceeded with standard Western blot-
ting procedure as described above for
cytochrome c detection. Primary
mouse monoclonal anti-PARP anti-
body (Oncogene Research Product)
was used at a dilution 0.5 µg/ml.

Statistical analysis. Statistical
analysis was performed using the
Mann-Whitney U test; the value of
p less than 0.05 was regarded as sig-
nificant.

Results

∆Ψm changes in spontaneous and camptothecin-induced
apoptosis.

After 4h incubation about 6% of the native-Ma melanoma
line (Table 1; Fig.1a) and only 2.5% of the amelanotic-Ab
cells (Table1; Fig.1g) had a decreased ∆Ψm (Table 1, p<0.05).
When the cells were cultured with camptothecin, the percent-

Fig. 1.   Changes in the percentage of cells with low ∆Ψ∆Ψ∆Ψ∆Ψ∆Ψm –measured as decrease of FL2 fluorescence
(lower part of each figure) during spontaneous (without camptothecin) and camptothecin-induced
apoptosis after 4h and 24h incubation of melanotic –Ma (A) and amelanotic-Ab (B) melanoma cells.
As a positive control for reduction of ∆Ψ∆Ψ∆Ψ∆Ψ∆Ψm  protonophore carbonyl cyanide m-chlorophenyl hydrazone
(CCCP; 100µµµµµM) was used.
Representative results.

age of cells with decreased ∆Ψm increased to about 10% for
the Ma line cells (Fig.1b, Table 1, p<0.05) and to 5% for the
Ab melanoma line cells (Fig. 1h, Table 1, p<0.05).

The native-Ma melanoma cells seemed to have mitochon-
dria at a lower energetic state because the FL2/FL1
fluorescence ratio was 1.2, while in the amelanotic melanoma
cells this value was almost 4 for all cells (Fig. 2B; p<0.05).
Except cells with only green fluorescence we observed two
populations of cells, among amelanotic melanoma cells. The
FL2/FL1 for these populations were 6.6±1.8 and 2.2±0.4. Both
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1890±307) than in amelanotic melanoma
cells (mean fluorescence 3635±189). There
was only one population of cells among
amelanotic melanoma line but two popula-
tions of cells among melanotic melanoma
cells: one with similar fluorescence intensity
as in amelanotic line and the second one with
lower fluorescence intensity- about 700 rela-
tive fluorescence units (Fig. 3). Over 40% of
melanotic melanoma cells belonged to the
population with the lower mass of mitochon-
dria.

Cytochrome c release and PARP cleavage
Immunoblotting detection of cytochrome c

in the cytosolic fraction of the cells exam-
ined showed the presence of this molecule in
both melanotic and amelanotic melanoma
lines during spontaneous and camptothecin-
induced apoptosis. However after a prolonged
time of incubation with camptothecin the in-
crease in the amount of cytochrome c in the
cytosolic fraction was more pronounced in
the amelanotic melanoma cells (Fig 4A).

During camptothecin-induced apoptosis
the percentage of melanotic melanoma cells

with a low ∆Ψm increased slowly during prolonged incuba-
tion, amounting to about 5% after 4h and 8% after 24h, in
comparison with spontaneous apoptosis (Table 1). Cyto-
chrome c release seemed not to have changed much (Fig. 4A)

Meanwhile in the amelanotic melanoma CPT induced dur-
ing 4h a decrease of ∆Ψm in 3% and during 24h in 51% more
cells than during spontaneous apoptosis (Table 1), with an
increased amount of released cytochrome c (Fig. 4A)

PARP cleavage as an indicator of caspase 3 activation was
also more pronounced in the amelanotic melanoma cells (Fig.
4B). After 4h incubation with CPT we observed an increase
in 89-kDa fragment content in the amelanotic melanoma cells
and after additonal 20h it was the only fragment of PARP
left, the 115 kDa fragment was not present after 24 hrs. In the
melanotic melanoma cells changes in the content of 89 kDa
fragment after induction of apoptosis by CPT were less vis-
ible, and after 24h there was still some 115 kDa fragment
present (Fig. 4B).

Discussion

 In this work we demonstrated that the higher percentage
of cells with a lower ∆Ψm among melanotic melanoma cells
than among amelanotic cells is in agreement with our previ-
ous results. We have shown before that melanotic melanoma
cells have a higher ability to undergo spontaneous apoptosis
than amelanotic line [10].

The lower FL2/FL1 ratio of melanotic melanoma cells value
(1.2) than that of amelanotic melanoma cells (3.8) indicated
that native melanoma cells have lower basal ∆Ψ. Some au-

Table 1. The percentage  of cells  with low mitochondrial transmembrane potential ( ∆Ψ∆Ψ∆Ψ∆Ψ∆Ψm)
and the FL2/FL1 fluorescensce of all cells of  two transplantable melanoma line : melanotic
(Ma) and amelanotic (Ab) during spontaneous (incubation without camptothecin) and
camptothecin-induced apoptosis.

Results are mean ± SD of 4 for Ma and 7 for Ab line  experiments.
Statistical analysis by Mann-Whitney U-test:
*        statistically significant 0.001<p<0.05 differences in the percentage of cells with low
          ∆Ψm between Ma and Ab line
**     statistically significant 0.001<p<0.05 increase of cells with low ∆Ψm after induction of
          apoptosis by camptothecin
***   statistically significant ( 0.01<p<0.05) changes  of  the FL2/FL1 ratio in comparison to
         spontaneous apoptosis

Spontaneous apoptosis 
 

Camptothecin-induced 
apoptosis 

Transplantable melanoma line 

4h 24h 4h 24h 
Percentage of cells 

with low DYm 
5.7±2.2 

 
12.0±3.5 

 
10.5±3.4** 

 
20.1±2.9** 

 
 
Melanotic 

Ma 
 

FL2/FL1 fluorescence 
ratio of all cells 

1.21±0.1 1.63±0.4 1.55±0.3 1.24±0.3*** 

Percentage of cells 
with low DYm 

2.5±1.0* 
 

7.5±2.3* 
 

5.0±1.2*, ** 
 

58.8±11.0*, ** 
amelanotic 

Ab 
 

FL2/FL1 fluorescence 
ratio of all cells 

3.83±1.3 1.77±0.2 3.92±1.1 0.32±0.1*** 

values were higher than FL2/FL1 value for all melanotic mela-
noma cells so we treat all amelanotic cells as one group. The
mean fluorescence of JC-1 aggregates (FL2) indicated that at
basal conditions the amelanotic melanoma cells had a higher
∆Ψm than the melanotic melanoma cells (Fig. 2A).

After 24h incubation without CPT there were about 12% of
cells with decreased ∆Ψm among the melanotic melanoma cells
(Table 1; Fig. 1d) and after the induction of apoptosis by CPT
their proportion increased significantly to 20% (Table 1; Fig.1e).
This was accompanied by a decrease in the of FL2/FL/1 fluo-
rescence ratio, but its value was still over 1 (Fig. 2B).

After the same time there were only 7.5% of cells with
a low ∆Ψm among the amelanotic melanoma cells (Table 1;
Fig. 1j), but the FL2/FL1 ratio decreased significantly (
p<0.01) from 3.8 to about 1.8 ( Fig. 2B). After incubation
with CPT the proportion of cells with lower ∆Ψm increased
to almost 60% (Table 1; Fig. 1k; p<0.001), and the FL2/FL1
ratio decreased from 1.8 to 0.3 (Table 1; Fig. 2B; p<0.01).
Observed in a probe without camptothecin, two populations
of amelanotic melanoma cells had a high red fluorescence
(Fig 1g) , and after 24h incubation with this inducer of
apoptosis they changed into one population with a lower FL2
and higher FL1- the whole population of amelanotic cells
moved to the right ( Fig. 1k; Fig. 2A).

The exposure of cells to the uncoupler agent CCCP, which
has been used as a positive control, dissipates ∆Ψm in both the
melanoma lines examined (Fig.1c and f for Ma; i and l for Ab).

Mass of mitochondria in hamster melanoma cells.
Estimated by NAO staining the mass of mitochondria was

lower in melanotic melanoma cells (mean fluorescence
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thors pointed out that the value of basal ∆Ψ in different cells
could vary and that it is the individual property of cells [27,28]
which depends on the production of cellular ATP and reac-
tive oxygen species (ROS) [29,30]. The results of earlier work
by Scislowski showing that amelanotic melanoma cells have
a higher rate of aerobic and anaerobic glycolysis could partly
explain higher basal ∆Ψ, in comparison to the native-Ma line
[31].

Follstad observed that cells with a low ∆Ψ are more sensi-
tive to the induction of apoptosis [28]. But in the available

literature there is no information about the ability of cells to
undergo spontaneous apoptosis in relation to their basal value
of ∆Ψ. The role of the ATP content in cells during induction
of apoptosis is stressed by some authors [14,15].

Among melanotic melanoma cells there were two popula-
tions of cells according to the mass of mitochondria but only
one population of cells, when we analyzed ∆Ψ. In amelanotic
melanoma cells there was only one population of cells with
high mitochondrial mass but two populations of cells during
∆Ψ measurement. Thus it seemed that observed basal differ-

Figure 2.  Changes of red (FL2) and green (FL1) mean fluorescence intensity (A) and the ratio of FL2/FL1 (B) during spontaneous and camptothecin
(CPT) induced apoptosis among melanotic (Ma)  and amelanotic (Ab) melanoma cells.
The green fluorescence  (FL1) refers to the JC-1 monomers and the red fluorescence (FL2) correspondence to the formation of JC-1 aggregates.
The ratio of red/green fluorescence of JC-1 is depicted as FL2/FL1.
Results are mean ± SD of 4 for Ma and 7 for Ab line experiments.Statistical analysis by Mann-Whitney U-test:
*      statistically significant higher FL2/FL1 ratio of amelanotic melanoma cells to native-Ma line; p<0.01
**    statistically significant decrease of  the FL2/FL1 ratio  in comparison with spontaneous apoptosis; p<0.01
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ences at FL2/FL1 value did not de-
pend on the mitochondrial mass in
cells of examined melanoma cells,
which is in agreement with other au-
thors observation [32].

Observed diversity of mitochondrial
mass among melanotic melanoma cells
seemed to correlate with more heter-
ogenous DNA content, in comparison
to amelanotic cells observed in our ear-
lier work [33].

The FL2/FL1 ratio almost un-
changed, with little changes in the
cytochrome c release and PARP
cleavage showed that the native-Ma
melanoma cells followed the mito-
chondrial way of apoptosis but to
a lesser extent than the amelanotic
melanoma cells.

Induction of apoptosis by CPT
showed that amelanotic melanoma
cells- more tumorogenic cells, grow-
ing faster, are extremely sensitive to
the action of this substance. After
24hrs almost 60% of cells had a low
∆Ψ and the FL2/FL1 fluorescence
ratio fell below 1. Camptothecin- in-
duced apoptosis of amelanotic
melanoma cells was accompanied
by the decrease of ∆Ψ, cytochrome c
release and PARP cleavage, which
indicated mitochondrial involve-
ment in the apoptotic process of
these cells.

Dividing cells are very sensitive to
CPT action especially in the S-phase
of cell cycle [20,21,22]. It could partly
explain the higher susceptibility to CPT
of amelanotic melanoma line- growing
faster; having more proliferating cells
[34].

It is worth to notice that the native-
melanotic melanoma cells were less
sensitive to CPT.

There are some known mechanisms
of CPT resistance such as: active efflux
by P glycoprotein, reduced level of
topoisomerase I expression, alterations
in the structure of topoisomerase I due
to different mutations [35].

Our melanotic melanoma cells
showed P-glycoprotein expression but
with a low activity and only a small
fraction of amelanotic melanoma had
P-glycoprotein with higher activity

Figure 3. Mitochondrial mass in melanotic (Ma) and amelanotic (Ab) melanoma cells estimated by
NAO staining.
Representative results of four experiments.

Figure 4. Cytochrome c content in the cytosolic fraction of melanotic (Ma) and amelanotic
(Ab) melanoma cells (A) and PARP cleavage (B) after 4h and 24 h incubation without (-)
and with (+) CPT.
A. Cytosolic fraction of cells has been prepared as described in Material and Methods and

60 µµµµµg of proteins per lane have been used to determine cytochrome c by Western blotting.
B. Lysates from 2x106 cells have been prepared as described in Material and Methods and

20 µµµµµl of lysates have been used to determine 115 kDa fragment ( non cleaved) and 89 kDa
fragment which is cleaved from PARP by caspase during apoptosis.

Bands intensity of digitalized images were semiquantified using Quantity One software
(BioRad) and shown on blots as a ratio to actin.
Representative results of three experiments.
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[36,37]. Thus it seemed that glycoprotein P is not the only
factor responsible for differences at sensitivity to CPT action
in our model.

The efflux of cytochrome c from the intermembrane space
of the mitochondria to cytosol plays an essential role in the
cascade activation of factors causing cell death e.g. caspases
[11,12,13,14,15]. Activated caspase-3 reversible acts on the
permeabilized mitochondria to damage mitochondrial func-
tion[38].

Our earlier work showed that during spontaneous and
camptothecin induced apoptosis caspase-3 activity was higher
in the amelanotic melanoma cells [10], in which we now ob-
served increased content of cells with a low ∆Ψ, significant
decrease in the ratio FL2/FL1, cytochrome c release and PARP
cleavage.

These observations indicated that in the apoptotic death of
amelanotic melanoma cells mitochondria play a more impor-
tant role than in the native-melanotic melanoma cells.

To conclude, the spontaneous alteration of melanotic mela-
noma line into amelanotic one was also connected with more
pronounced role of the intrinsic pathway in amelanotic mela-
noma cells apoptosis.

So apoptosis and apoptosis disturbances in melanoma cells
should be analyzed in a more detailed manner, to understand
the biology of this tumor, having some future therapeutic suc-
cess in mind.
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