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Effect of mtDNA depletion from C6 glioma cells and
characteristics of the generated C6p0 cells
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Abstract. Malignant tumors of the central nervous system
(CNS) are among the types of cancer with the poorest prog-
nosis and glioma is the commonest primary CNS tumor. A
mitochondrial DNA (mtDNA)-depleted cell line C6p0 was
generated from C6 glioma cells after long-term exposure to
ethidium bromide and 2',3'-dideoxycytidine in order to deter-
mine the effect of mtDNA damage on cell proliferation and
pathological changes in glioma cells. Single cell clones were
isolated and identified after 42 days of incubation. Repopulated
cybrids were formed when the clonal C6p0 cells were fused
with rat platelets and no difference was observed in their
growth in a selective medium without uridine and pyruvate
compared with the growth of the parent C6 cells. Disruption
of mtDNA resulted in changes in mitochondrial morphology,
decreased cell proliferation, reduced intracellular reactive
oxygen species and intracellular ATP, along with decreased
mtDNA and mitochondrial membrane potential in C6p0
cells compared with the C6 cells. Taken together, C6p0 cells
without mtDNA were established for the first time and their
characteristics were compared with parent cells. This C6p0
cell line could be used to explore the contribution of mitochon-
drial dysfunction and mtDNA mutations in the pathogenesis
of glioma.
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Introduction

Malignant tumors of the central nervous system (CNS) are
among the types of cancer with the poorest prognosis, with
high levels of morbidity and mortality (1). Glioma is the most
common primary CNS tumor deriving from neuroglial stem or
progenitor cells (2). Mitochondrial DNA (mtDNA) mutations
have been found to be closely associated with various types of
cancer, neurodegenerative disorders, attention-deficit hyperac-
tivity disorder, headache, diabetes and aging (3-8). Therefore, a
study on the effect of mtDNA heterogeneity on glioma growth,
differentiation and death is required. Mitochondria serve a
crucial and integral role in maintaining cell homeostasis,
including energy synthesis, redox regulation, cell messaging
and hematopoiesis (9,10) and they provide ~80-90% of the
energy to the cell through the respiratory chain and this
percentage reaches 95% in the heart (11,12). Furthermore,
mitochondria regulate apoptosis and cell cycle through their
role in several processes including calcium signaling, reactive
oxygen species (ROS) homeostasis, biosynthesis of heme,
biosynthesis of iron-sulfur clusters and tumorigenesis (13).

Since mtDNA mutations can compromise the mitochon-
drial function and lead to human pathologies, there is a
strong and continuing interest in their role in human health
and disease. Unfortunately, the study of mtDNA mutations
is not easy due to the nuclear background diversity and the
role it serves in the modulation of mitochondrial defects (14).
Fortunately, hybrid technology provides a new strategy to
study diseases associated with mitochondrial dysfunctions.
The technique is based on the use of a cell line in which
the mtDNA is depleted (pO cells) and can be used as a
mitochondrial receptor when fused with platelets (15,16).
Since cytoplasmic hybrids (cybrids) have the same genetic
background, biochemical analysis is made possible. Previous
studies have demonstrated that ethidium bromide (EB),
2'3'-dideoxycytidine (ddC), rhodamine-6g, 1-methyl-4-phe-
nylpyridinium, zidovudine and stavudine, together with NT2
human teratocarcinoma, T47d human breast cancer cells,
143B human bone osteosarcoma thymidine kinase negative
(TK-) and human mesenchymal stem cell (3a6 and KP) are
commonly used to produce pO cells (13,17-19).
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Therefore, in the present study, the mtDNA-depleted
cell line C6p0 was generated from C6 glioma cells and the
mtDNA-related deficits were determined. The results demon-
strated that C6p0 cells could be a useful tool in the investigation
of mitochondrial dysfunction and mtDNA mutations and their
role in the pathogenesis of glioma can be also evaluated.

Materials and methods

C6 cell culture and isolation of C6p0 clone cell line. The rat
C6 glioma cell line was purchased from the Institute of Culture
Collection of the Chinese Academy of Sciences and cultured
in F-12 Ham medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 2% fetal bovine serum (Zhejiang Tianhang
Biotechnology Co., Ltd.), 15% horse serum (Tianjin Kangyuan
Biotechnology Co., Ltd.) and 1% penicillin (100 U/ml) and
streptomycin (100 pg/ml; both from Corning, Inc.). The
medium was changed every three days and sub-cultures were
made when the cells reached 80% confluence. The cells were
maintained at 37°C, 5% CO, and 90% humidity.

The generation of C6p0 cells was performed by exposing
wild-type C6 glioma cells to 5 uM EB and 8 M ddC in F-12
Ham medium supplemented with uridine (50 xg/ml) and pyru-
vate (0.1 mg/ml), with a daily change of the culture medium.
Cells (2x10°) were incubated in the above medium at 37°C,
5% CO, and 90% humidity and the expression of mtDNA was
measured using a mtDNA-specific PCR for a set period of
time until mtDNA band completely disappeared.

Single cell clones were isolated and collected by the limiting
dilution method (16) when the mtDNA band disappeared.
When no mtDNA fragment was detected by PCR, the treated
cells were quickly plated into 96-well plates at a density of
one cell per well to isolate pure cell clones derived from the
heterogeneous colony. Screening and isolation of C6p0 cells
were performed as shown in Fig. 1.

A single colony in 96-well was observed under an inverted
phase contrast microscope (Olympus Corporation); a single
C6p0 cell was marked and the wells containing >2 cells were
discarded. When the single colony was spread in the 96-well
plate, it was transferred into 48, 24, 12 and 6-well plates
one after the other after spreading the cells in each of them
to gradually expand the cell amount. To verify the absence
of mtDNA, each potential C6p0 cell line was divided into
two halves: One half was used to study the survival ability
in pyrimidines and pyruvate-absent C6p0 test medium and
the other half was cultured in F-12 Ham medium containing
uridine (50 ug/ml) and pyruvate (0.1 mg/ml). Trypan blue at
a dose of 0.2% was used to test and count the viable cells.
Finally, the C6p0 characteristic in these isolated colonies was
confirmed by mtDNA-specific PCR.

To evaluate cell growth, C6 and C6p0 cells were plated
in triplicate and the number of cells were counted on five
consecutive days. In order to standardize the condition of the
cell culture, C6 and C6p0 cells were cultured in F-12 Ham
medium supplemented with 50 xg/ml uridine and 0.1 mg/ml
pyruvate to evaluate the growth characteristics.

Production of transmitochondrial cybrids. The fusion
between C6p0 and rat blood platelets was performed using
the approach of standard chemical enucleation/polyethylene

glycol fusion (18). The fusion cells were placed on a test bench
for 1 min at 25°C and diluted with a mixture (10 ml) of F-12
Ham and FBS (10%) supplemented with uridine (50 pg/ml) and
pyruvate (0.1 mg/ml) and the suspension was placed into petri
dishes (5 dishes, 2x10° cells/dish). The medium was replaced
with the selective medium (without pyruvate and uridine) after
3 days.

PCR analysis of mtDNA. In order to detect mtDNA in C6,
C6p0 and cybrids, total DNA from a different number of cells
was isolated as a template using a commercial kit (Tiangen
Biotech Co., Ltd.), following the manufacturer's instructions.
Oligonucleotide primers were used to amplify the nucleotide
sequences of rat mtDNA mitochondrial D-loop region. The
primers were synthesized by Sangon Biotech Co., Ltd. mtDNA
was amplified using a volume of 50 ul containing 0.25 pl units
of TakaRa Ex Taq polymerase (Takara Biotechnology Co.,
Ltd.) and 0.2 ul primer pair. Primers specific for the mtDNA
D-loop region were the following: Forward 5-CCTCCCATT
CATTATCGCCGCCCTTGC-3' and reverse 5'-GTCTGG
GTCTCCTAGTAGGTCTGGGAA-3' (235 bp). The PCR
conditions were: 35 cycles of denaturation at 98°C for 10 sec,
annealing at 60°C for 30 sec and extension at 72°C for 60 sec.
The products were separated by 1% agarose gel electrophoresis
and images were detected using a 5200 Multi Luminescent
image analyzer, according to the manufacturer's protocol
(Tanon Science and Technology Co., Ltd.). The intensity of the
bands indicated the amount of mtDNA.

Transmission electron microscopy (TEM). Cells for TEM were
collected and plated on coverglasses according to the method
of Kukat ez al (20). Cells grown on cover slips were fixed with a
solution of 2.5% glutaraldehyde in 100 mM cacodylate buffer,
pH 7.4 for 1.5 h at 4°C, washed twice with cacodylate buffer,
followed by a fixation with 2% osmium tetroxide in 50 mM
cacodylate buffer (pH 7.4). Specimens were washed twice
with distilled water and stained over night with aqueous 0.5%
uranyl acetate at 4°C. Cells were dehydrated, embedded in
Epon 812 and sectioned at 60 nm. Mitochondrial morphology
was observed using a H7000 electron microscope at 80 kV
(Hitachi, Ltd.). Negatives were digitized by scanning and
processed with Adobe Photoshop CC (Adobe Systems, Inc.).

Mitochondrial mass change and sugar uptake. Cells
(2x109cells) were plated in 35 mm dishes for 24 h and incubated
with 100 nM Mito-Tracker Green (Thermo Fisher Scientific,
Inc.) or 10 uM 2-NBDG, a fluorescent glucose, for 30 min
at 37°Cin the dark, to analyze the mitochondrial mass and sugar
intake. Cells were detached by trypsin, collected, resuspended
in saline solution and analyzed by flow cytometry. In each
measurement, fluorescence intensity data from 2x10* single
cell events were collected by an ACEA NovoCyte2040R flow
cytometer (ACEA Bioscience, Inc.; Agilent Technologies,
Inc.), using fluorescence excitation/emission (Ex/Em) wave-
lengths of 490/516 nm to evaluated the mitochondrial mass
and Ex/Em of 480/525 nm to evaluate cell sugar uptake.

ATP consumption by C6 and C6p0. An enhanced ATP
Assay kit (Beyotime Institute of Biotechnology) was used
to evaluate cellular ATP levels following the manufacturer's
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Figure 1. Schematic diagram of the protocol used to isolate the target cells and to generate fusion cells. EB, ethidium bromide; ddC, 2',3'-dideoxycytidine;
mtDNA, mitochondrial DNA; -PU, growth in a medium without pyruvate and uridine; +PU, growth in a medium supplemented with pyruvate and uridine.

instructions. The cell lysates were centrifuged (12,000 x g
at 4°C for 5 min) and the supernatant was collected and trans-
ferred into a 96-well plate containing the detection solution.
The samples were then incubated for 30 min at 37°C and the
luminescence signal was detected. Total ATP levels were
calculated from the relationship between luminescence signals
and protein concentration.

Detection of cellular reactive oxygen species (ROS)
production. Cells were plated in 35 mm dishes (2x10° cells)
for 24 h and incubated with 2,7-dichlorodihydrofluorescein
diacetate (DCFH-DA; 10 uM; Sigma-Aldrich; Merck KGaA)
or 5 uM MitoSOX Red (Thermo Fisher Scientific, Inc.) for
30 min at 37°C in the dark to analyze total ROS and mito-
chondrial ROS, respectively. Cells were detached by trypsin,
collected, resuspended in saline solution and analyzed by a
NovoCyte 2040R (ACEA Biosciences Inc.) flow cytometer.
Ex/Em of 480/525 was set for the evaluation of total ROS,
while Ex/Em of 510/580 was set for the evaluation of mito-
chondrial ROS. The amount of ROS produced was expressed
as fluorescence intensity relative to the one of untreated cells.

Determination of mitochondrial membrane potential (A¥m).
Cells were plated in dishes (2x10° cells) containing F-12 Ham
medium for 24 h prior to the detection of A¥m. The cells were
then collected, washed and resuspended in phosphate-buffered
saline. Finally, 10 uM JC-1 (Beijing Solarbio Science &
Technology Co., Ltd.) stain was added into the buffer and
carbonyl cyanide m-chlorphenizonea, a potent mitochondrial
membrane disruptor, was used as the positive control. The
cells were incubated for 30 min (37°C; 5% CO,) and then fluo-
rescence intensity of 1x10° single cell events was processed by
a NovoCyte 2040R flow cytometer (ACEA Biosciences Inc.)
according to the manufacturer's protocol. Ex/Em of 490/530
and Ex/Em of 525/590 was used for ratio analysis. The ratio
of red/green (PE/FITC) fluorescence intensity was used to
determine AWm.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism software (version 6; GraphPad Software,
Inc.). Results were presented as means + standard deviation
(n=3). Comparisons among multiple groups were analyzed
using one-way ANOVA followed by Bonferroni's post hoc test.
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Figure 2. Establishment of C6p0 cells and growth characteristic of C6 and C6p0 cells in different media. (A) Cells were treated with EB (5 #M) and ddC (8 uM)
for 6 weeks. The same amount of C6 cells (4x10°) was used in the different groups. The content of mtDNA was determined by an mtDNA-specific PCR. The
PCR products were visualized on 1% agarose gel by EB staining. Marker: 5000 DNA ladder. (B) Representative images of C6 and C6p0 clone cells growing
in different media and at a different time points. (B-a and f) C6 cells were cultured in F-12 medium at day 0 and day 5, respectively. (B-b, ¢ and d) C6p0 cells
cultured in F-12 (-PU) at day 0, day 3 and day 5, respectively. (B-e) C6p0 cells cultured in F-12 (+PU) medium at day 5. (C) C6 and C6p0 were cultured in media
with or without pyruvate and uridine for 5 days and cell proliferation was measured and compared. After seeding (0 d) and growing for 5 days in various media,
the number of cells per well was counted. EB, ethidium bromide; ddC, 2',3'-dideoxycytidine; mtDNA, mitochondrial DNA; Con, sample without template; -PU,
growth in a medium without pyruvate and uridine; +PU, growth in a medium supplemented with pyruvate and uridine.

Comparisons between two groups were analyzed using unpaired
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effect of EB and ddC treatment on mtDNA content. The
mtDNA content decreased with the increase of the treatment
time (Fig. 2A). After 6 weeks exposure, the amplification of
mtDNA-encoded D-loop region gene was lost in C6p0 cells
(42 days), while the parental C6 cells (0 day) yielded strong
PCR products at the predicted size. Taken together, the results
suggested that mtDNA was specifically depleted from C6 cells
and that C6p0 cells survived in the culture supplemented with
uridine and pyrimidine.

Fig. 2B-a and B-b demonstrated that the single colony
of C6p0 and its parent cells were morphologically slightly
different. To verify the C6p0 stage of the cloned cells, the
growth of C6p0 cells was analyzed in the medium without
uridine and pyruvate. As shown in Fig. 2B-c and B-d, the
number of C6p0 cells became fewer, as they were no longer able
to grow in ordinary medium, until their total disappearance.
All cells could survive for several days, but at day 5, no living
C6p0 cells were identified by the trypan blue exclusion method
(Fig. 2B-d). By contrast, C6p0 cells cultured in uridine and

pyruvate and C6 cells cultured in selective medium grew
vigorously and quickly (Fig. 2B-e), thus demonstrating that the
presence or absence of uridine and pyrimidine had no effect
on C6 cell growth, while their presence was essential for the
growth of C6p0 cells (Fig. 2C).

Repopulation with exogenous mitochondria from rat platelets.
Rat platelets were used as exogenous mitochondrial donors
to perform repopulation experiments on the C6p0 clone
(Fig. 3A). The cybrid cells were analyzed to verify the pres-
ence of mtDNA using the mtDNA-specific PCR. As shown
in Fig 3B, PCR bands corresponding to mtDNA appeared in
both cybrid and wild type C6 cells, suggesting the retention of
mtDNA in cybrid cells.

The morphology of mitochondria was significantly
different in C6 and C6p0 cells. Wild-type C6 and cybrid cells
displayed a typical mitochondrial morphology, with orga-
nized cristae, electron-dense matrix and intact mitochondrial
membrane (Fig. 3C-a and C-c), while mitochondria in C6p0
cells were irregularly expanded, with a partial or almost
complete dissolution of the internal cristae (Fig. 3C-b). When
the cloned C6p0 cells were fused with rat platelets, the cybrid
cells grew well in selective medium without pyruvate and
uridine and thus, the repopulated colonies were formed, as
shown in Fig. 3D.
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Figure 3. Construction and identification of cytoplasmic hybrid cells. (A) C6p0 clone fusion with rat platelets: Cybrid cells derived from the fusion between
C6p0 clone and platelets isolated from rat blood samples. (B) Presence of mtDNA in cybrid cells and wild-type cells evaluated by mtDNA-specific PCR
after 10 days of culture. Two different amounts of cells (2x10° cells in 1, 3, 5 lane and 4x10° cells in 2, 4, 6 lane) were used in this experiment. The PCR
products were visualized on 1% agarose gel by EB staining. Marker, 5000 DNA ladder. (C) TEM images of (a) C6, (b) C6p0 and (c) cybrid cells (mitochondria
indicated by red box), magnification x25,000 in all cells. (D) Representative image of cybrid cells growing normally in media without pyruvate and uridine.
mtDNA, mitochondrial DNA; EB, ethidium bromide; Con, sample without template; Clone, monoclonal C6p0; Cybrid, C6p0 cell fused with rat blood platelets;

Wild type, C6 cells.

Mitochondrial mass change and sugar uptake in C6 and
C6p0. C6p0 cells were characterized by a notable and signifi-
cant decrease in mitochondrial mass, compared with that in
C6 cells (P<0.001; Fig. 4A).

To verify whether the decreased mitochondrial mass had
an effect on sugar uptake, the C6 and C6p0 cells were exposed
to 10 uM 2-NBDG for 30 min and the sugar content in the
cells was evaluated by flow cytometry. Quantitative analysis
results showed no difference in sugar uptake between C6 and
C6p0 cells (Fig. 4B). However, the ATP assay showed that
C6p0 consumed less ATP compared with C6 cells (Fig. 4C).

ROS changes in C6 and C6p0 cells. The amount of total
ROS production was significantly reduced in C6p0 cells
compared with its production in wild type C6 (Fig. 4D). To
evaluate whether this was due to the difference in mitochondria
between the two cell types, the source of ROS was identified.
The results showed that C6 cells produced more mitochondrial
ROS than C6p0 cells. Some chemicals targeting mitochondria
can stimulate C6 cells to produce more mitochondrial-derived
ROS; for instance, rotenone and EB treatment can produce
a large amount of mitochondrial ROS in C6 compared with
in C6p0 (Fig. 4E). This result confirmed that the change in
ROS amount between C6 and C6p0 cells was mainly due to
the difference in mitochondria; the existence and integrity of
mtDNA has a great influence on the production of ROS

Flow cytometric analysis of AWYm in C6 and C6p0 cells. To
determine the AWm changes in mtDNA depleted cells, cells

were stained with JC-1 and the results of flow cytometry
showed a distinct decline in AWm from untreated C6 cells,
2-day EB-treated C6 cells and C6p0 monoclonal cells (Fig. 5).
These results suggested that the treatment with EB induced a
significant decrease in AYm. Thus, the AWm detected in C6p0
cells was reduced by two-thirds compared with C6 cells.

Discussion

Mitochondria are the main source of cellular energy and
serve a role in cell proliferation, growth and differentiation
through continuous fusion and division (21). The mitochon-
drial genome is essential for a normal cellular function and it
encodes important subunits of the mitochondrial respiratory
chain and FOF1-ATPase, which are required for oxidative
phosphorylation. Depletion of mtDNA results in the inhibi-
tion of the mitochondrial respiratory chain and the loss of
mtDNA-encoded mitochondrial enzyme activity (16,22-24).

In the present study, persistent mtDNA damage of C6 cells
by EB and ddC successfully induced the C6p0 cell phenotype.
EB is known for its insertion in mammalian mtDNA, thus
inhibiting mtDNA replication (25,26), and ddC is used as an
antiretroviral drug that can reduce the level of mtDNA by
inhibiting mitochondrial DNA polymerase y (27). Therefore,
these two compounds have the ability to reduce the amount of
mtDNA by interfering with mtDNA replication or inhibiting
polymerase v.

Indeed, in the present study C6p0 monoclonal cells were
successfully obtained through the treatment with the mixture
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Figure 4. Characteristics of the generated C6p0 and C6 cells. (A) Mitochondrial mass detected by flow cytometry. (B) Quantification of the sugar uptake by
flow cytometry. (C) ATP consumption in C6 and C6p0 cells. (D) Accumulation of total ROS in C6 and C6p0 cells. (E) Accumulation of mitochondrial ROS in
C6 and C6p0 cells. (E-a) Mitochondrial ROS were detected by flow cytometer. (E-b) Fluorescence intensity data were expressed as mean+SD. Quantification
of the fluorescence intensity; ““P<0.001, “P<0.01 and "P<0.05 vs. the C6 group. Comparisons between two groups were analyzed using unpaired Student's
t-test and multiple groups were analyzed using one-way ANOVA. P<0.05 was considered to indicate a statistically significant difference. Results are shown as
mean + standard deviation from three independent experiments. Rot, rotenone; EB, ethidium bromide.

of EB and ddC as reported by the literature. As a result,
enzymes involved in pyrimidine biosynthesis cannot be
activated, resulting in the inability of C6p0 cells to remain
alive without uridine and pyruvate (28). The morphology
of mitochondria in C6 and C6p0 cells observed by TEM
revealed the presence of elongated mitochondria with
parallel and normal electron density in the wild-type cells,
while disordered swollen mitochondria were found in C6p0
cells. The changes in C6p0 cells were due to the loss of the
mitochondrial genome and in agreement with the results of
previous studies (17,20,29).

However, not all cell types treated with EB and ddC can
result in pure pO cells. Indeed, in the present study HepG2
and Huh7 cells did not lose all their mtDNA following the
above treatment (data not shown). This is because not all
cells are sensitive to drugs that destroy mtDNA. Thus far,
only several cell types can form pure p0O cells that can be
used for further research (17,20,26,30).

Since mtDNA-depleted cells provide a cytoplasmic hybrid
model for studying mtDNA single nucleotide polymorphisms
with the same nuclear DNA background, they are considered
an effective tool for studying mitochondrial disorders (15).
mtDNA and nuclear DNA can control mitochondrial func-
tions and the cybrids allow researchers to evaluate whether
the mtDNA or nuclear DNA function is involved in a mito-
chondrial defect (31). In the present study, a practical and
reliable technique was developed to produce C6p0 mono-
clonal cells and cybrids generated with rat platelets. The
experiments on the growth characteristics of C6 and C6p0
cells showed that the growth rate of C6p0 was significantly
reduced compared with the parental cells and that uridine
and pyruvate were necessary for their growth. Nevertheless,
cybrids grew as much as the wild-type cells and did not
need the help of uridine and pyruvate. However, it has been
reported that the T47Dp0, MOLT-4p0, HeLap0, 143BTK p0
cells grow slower than their parent cells (17,20,29,32). It is
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C6p0, C6p0 monoclonal cells; CCCP, carbonyl cyanide m-chlorphenizone.

noteworthy that the hepatoma Hepall-6p0 and HepG2p0
cells proliferate several times more than the wild-type cells,
suggesting that different types of cells may exhibit different
sensitivities to the intracellular changes caused by mtDNA and
not all cell types proliferate less after mtDNA depletion (33).

The number of mitochondria is closely associated with the
energy cell metabolism (34). In the present study, the mitochon-
drial mass of C6p0 cells was notably decreased compared with
the mitochondrial mass in C6 cells. The hypothesis was that the
decrease of mtDNA content in C6p0 cells led to mitochondrial
dysfunction and that changes in energy metabolism and ATP
content may destroy unconstrained tumor cell proliferation
and invasion (35). A series of cellular changes and diseases
are closely associated with mtDNA mutations (36). By
contrast, some studies have identified that the increasing
mtDNA content is a self-protection mechanism that prevents
apoptosis and increases tumor cell sensitivity to chemo-
therapeutic drugs (37,38). The mitochondrial content in the
cell determines the apoptotic fate and modulates the time
of death, since cells with higher mitochondrial content are
more prone to die (39). In fact, the amount of all apoptotic
proteins is modulated by the mitochondrial content (40). It is
also hypothesized that mtDNA destruction can enhance the
apoptosis of certain cells in vivo and inhibit the tumorige-
nicity of certain tumor cells (41).

Mitochondria are the major source of ROS, which serve
key roles in both physiological and pathological processes
and act as mediators in a number of cellular signaling
pathways in the cell (42). An increase in ROS levels can
trigger a protective response by activating antioxidant

response elements (43). However, the increase of ROS
damages proteins, fats and nucleic acids, triggering other
stress responses or cell death (44,45). Conversely, appro-
priate levels of ROS can reduce cancer, diabetes and delay
aging (46). In the present study, the increase in ROS content
of rotenone-treated C6 cells was more than twice that
of non-treated C6 cells, while ROS levels in monoclonal
C6p0 clearly decreased. These results demonstrated that
drugs targeting the complex I, III and V of the respiratory
chain (11,47) can cause the increase of ROS, but they have a
weak effect on mitochondrial DNA depleted cells.

Mitochondria are key regulators of cell death through
alterations in the AWm to respond to various unfavorable
situations. The results of the present study showed that the
AWm in C6 cells was reduced following EB treatment, while
the reduction of AWm in C6p0 cells was one third of that
of the parent cells. In addition, the C6p0 cells remained
alive at relatively low AWm. These results indicated that
the complete depletion of the mtDNA in C6p0 cells was not
associated to a complete disappearance of the A¥m. Some
studies have demonstrated that mitochondria with a dysfunc-
tional respiratory chain can still generate AWYm by the use of
glycolytic ATP (18,48). A previous study suggested that the
change in the membrane status leads to changes in external
oxidative stress tolerance and has an influence on the effi-
cacy of cancer therapy (32).

Overall, the method of the present study proved efficient
and reliable; the defects in the mitochondrial structure and
function in C6p0 cells can lead to impairments in cell prolif-
eration in vitro. Therefore, C6p0 cell lines with different
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nuclear backgrounds could be used as a model in future
experiments to study glioma associated with mitochondria.
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