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Increasing evidence indicates that cancer stem cells 
(CSCs) are initiators of the occurrence, development, 
and recurrence of malignant tumors. Mitochondria are 
important organelles in eukaryotic cells, not only re-
sponsible for converting part of energy released during 
nutrients oxidation into the energy-yielding molecule 
adenosine triphosphate (ATP) to fuel the activities of 
cell, but also play essential roles in processes such as cell 
apoptosis and cellular proliferation. The mitochondrial-
related abnormalities have also been considered to have 
an important role in the origin and development of tu-
mors. This study aimed at testing the abnormalities in 
mitochondrial function and energy/metabolism-related 
phenotypes in thyroid cancer stem cells (TCSCs). TCSCs 
were isolated and identified from MDA-T32 thyroid carci-
noma cell line. The mitochondrial mass and mitochondri-
al arrangement, amount of mitochondrial DNA (mtDNA), 
mitochondrial membrane potential (MMP), oxygen/glu-
cose consumption, and intracellular concentrations of re-
active oxygen species (ROS) and ATP levels were exam-
ined. Perinuclear mitochondrial distribution, low amount 
of mtDNA and oxygen/glucose consumption, high MMP, 
and low intracellular ROS and ATP concentrations were 
observed in TCSCs. Alterations in mitochondrial function 
and cellular energy metabolism may be used as novel in-
dicators of thyroid cancer.
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INTRODUCTION

Thyroid cancer (TC) is the most frequently diag-
nosed endocrine cancer and causes deaths (Lin, 2011); 
it is the fifth most common malignancy among women 
in the United States (Hernandez et al., 2010). Approxi-
mately 10–20% of patients with papillary thyroid car-

cinoma stages I or II have disease recurrence (Toniato 
et al., 2008). Many studies have indicated the important 
role of cancer stem cells (CSCs) in cancer occurrence, 
development, and recurrence (Visvader et al., 2008). Thy-
roid cancer stem cells (TCSCs) are reported to have the 
ability to sustain neoplastic growth owing to their resist-
ance to chemotherapy and radiation therapy, which is a 
major obstacle for the effective treatment of TC (Lin et 
al., 2013).

Mitochondria, the primary energy-generating system 
in most eukaryotic cells, are the most important orga-
nelles that provide energy to sustain the metabolic needs 
of eukaryotic cells involved in intermediary metabolism, 
calcium signaling, proliferation, and apoptosis (Chan, 
2006). In addition, mitochondria can regulate cellular 
metabolism by affecting the biosynthesis of steroid hor-
mones and porphyrin, lipid and urea cycle metabolism, 
and amino acid interconversion (Brookes et al., 2004). 
Perinuclear mitochondrial arrangement, reduced number 
of mitochondria, low amount of mitochondrial DNA 
(mtDNA), and low adenosine triphosphate (ATP) levels 
are considered indicators of ‘‘stemness’’ of undifferenti-
ated cells (Xiao-Qun et al., 2011). 

Several studies have focused on the relationship be-
tween energy metabolism and self-renewal and differen-
tiation potential in stem cells. For example, a previous 
study indicated that perinuclear mitochondrial distribu-
tion, higher mitochondrial membrane potential (MMP), 
lower amounts of mtDNA, lower oxygen/glucose con-
sumption, and lower amounts of reactive oxygen species 
(ROS) and ATP were observed in lung CSCs. High lev-
els of ROS are generated by electron transport in the 
mitochondrial membrane and produced in the thyroid 
under physiological conditions (Lee et al., 2015). mtDNA 
mutations are associated with age-dependent tumor pro-
gression in the thyroid (Witte et al., 2007). Eosinophilic 
Hurthle thyroid cancers may have abundant mitochon-
dria, resulting in deep eosinophilic staining characteristics 
(Straccia et al., 2019). Cancer cells have higher glucose 
consumption and lactate production than normal cells, 
even under normoxic conditions; this is known as the 
Warburg effect (Chiaradonna et al., 2006, Ward et al., 
2012). In addition, a severe mitochondrial OxPhos de-
fects are present in many cancer cells, probably caused 
by mutations in mtDNA and abnormal expression of 
relevant genes (Chiaradonna et al., 2012). These results 
suggest a strong correlation between CSCs, mitochon-
drial function, and energy/metabolism.

Based on these investigations, we hypothesized that 
abnormal mitochondrial function and alterations in en-
ergy/metabolism-related phenotypes occur in TCSCs, 
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which could contribute to a more comprehensive under-
standing of the pathogenesis and progression of thyroid 
cancer. In this study, TCSCs were isolated and identified 
in the MDA-T32 cell line, and some of the indicators of 
‘‘stemness’’ of undifferentiated cells were examined.

MATERIALS AND METHODS

Cell line and sphere culture

The human papillary thyroid carcinoma cell line 
MDA-T32 was seeded in 6-well plates (1000 cells/well) 
with Dulbecco’s Modified Eagle medium (DMEM; Hy-
clone, Utah, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, New York, USA) and cultured at 
37°C in humidified 5% CO2 atmosphere with saturat-
ed humidity for two weeks; Then, they were observed 
and their micrographs were captured under an Olympus 
IMT-2 inverted microscope (San Diego, CA, USA) and 
a Moticam Prodigital camera (Motic, Seneco, MI, Italy). 
The selected cells were seeded in 6-well plates (2×104 
cells/well) and cultured in stem cell culture medium. Af-
ter approximately 1 week, 20–40 small round clustered 
cell spheres were observed in each well, and each sphere 
contained 5–10 cells. The monolayers were observed at 
the bottom. After 2 weeks, the spheres expanded 10–20 
times, and 100–200 cells/ sphere were the first genera-
tion of cultured stem cell balls. The spheres were dis-
sociated, and single cells were seeded into a 75-mL flask 
containing serum-free stem cell medium and cultured for 
1–2 weeks for further analysis.

Real-time reverse transcription polymerase chain 
reaction and polymerase chain reaction (RT-PCR)

Total RNA was isolated and subjected to reverse tran-
scription using Superscript II (Life Technologies). DNA 
(including genomic and mitochondrial) was isolated, and 
RT-PCR was conducted using the SYBR® PrimeScript™ 
PCR kit II (TaKaRa, Japan). β-Actin served as an inter-
nal control. Specific primers were obtained from Sangon 
Biotech (Shanghai, China). The primer sequences were 
used as follows. CD34-F: GCC ATT CAG CAA GAC 
AAC AC, CD34-R: CGT TTA CCC AAA GAA GAC 
CAG; C-KIT-F: TTC CTT GTT GAC CGC TCC TT, 
c-kit-R: CAG CAC TGA CTT GCC CTC C; Twist1-F: 
GAC AGT GAT TCC CAG ACG G, Twist1-R: GTC 
CAT AGT GAT GAA TTT CCT; Sox2-F: ATC ACC 
CAC AGC AAA TGA CA, Sox2-R: CAA AGC TCC 
TAC CGT ACC ACT A; Oct4-F: TAT TCA GCC AAA 
CGA CCA TCT, Oct-R: TCA GCT TCC TCC ACC 
CAC TT; Nanog-F: AGG CAA ACA ACC CAC TTC 
T; Nanog-R: TCA CAC CAT TGC TAT TCT TCG; 
CD133-F: GCA CTC TAT ACC AAA GCG TCA A, 
CD133-R:CTC CCA TAC TTC TTA GTT TCC TCA; 
C-myc-F: GGT GGC TAT TCT GCC CAT TT, C-myc-
R: CGA GGT CAT AGT TCC TGT TGG T; Bmi-1-F: 
CTC CAC CTC TTC TTG TTT GC; Bmi-1-R: GAT 
GAC CCA TTT ACT GAT GAT TT; CD44s-F: CTC 
CAC CTC TTC TTG TTT GC, CD44s-R: TCC ACT 
TGG CTT TCT GTC CTC; MELK-F: TCC TGT TGA 
GTG GCA AAG CA, MELK-R: GCA GAA GAT 
AGG TAG CCG TGA G; N-Cadherin-F: ACG CCA 
GGC CAA ACA ACT T; N-Cadherin-R: TCG TCG 
GAT TCC CAC AGG; Cox I-F: TGG CCT GAC TGG 
CAT TGT ATT, Cox I-R: CGG ATA GGC CGA GAA 
AGT GTT; β-actin-F: CCT GTA CGC CAA CAC AGT 
GC, β-actin-R: ATA CTC CTG CTT GCT GAT CC.

Detection of side population cells

MDA-T32 cells (1×105) were seeded onto coverslips 
and cultured for three days. After staining with 5 μg/
mL Hoechst 33342 (Beyotime Co., Nantong, China), the 
cells were washed twice with phosphate buffer solution 
(PBS) and analyzed using laser confocal microscopy.

Determination of the distribution and amount of 
mitochondria

The cells (5×104) were stained with 50 nM Mito-
Tracker Green (Invitrogen, USA) for 15 min at 37°C, 
washed twice with PBS, and analyzed using laser confo-
cal microscopy and flow cytometry (Beckman, USA).

MMP

The accumulation of rhodamine-123 (Rh123) was pro-
portional to MMP, which was used to measure MMP. 
The cells (5×104) were stained with Rh123 (1.0 μg/mL, 
Invitrogen) for 20 min at 37°C and analyzed using flow 
cytometry.

Oxygen consumption

Mitochondria were obtained using a mitochondrial 
isolation kit (Beyotime Co.). The cells (1×107) were put 
into 10 mL glass centrifuge tubes. The collected cell 
suspension was centrifuged at 1000×g for 10 minutes, 
and the supernatant was discarded. The cells were re-
suspended in 1 ml of PBS pre-cooled in an ice bath 
and centrifuged at 600×g for 5 minutes at 4°C and the 
supernatant was removed. 1ml of mitochondrial separa-
tion reagent was added, the cells were gently suspended, 
and ice bathed for 15min. The cells were homogenized 
with a 1ml glass homogenizer and mitochondria were 
then separated using the mitochondria isolation kit (Be-
yotime Co). Finally, the mitochondria were dissolved in 
150 μl detergent. The respiration control rate, the ratio 
of state 3/state 4 respiratory rate, was calculated.

The Clark-type oxygen electrode used to monitor 
oxygen consumption for 30 min at 28°C in a pre-
heated cell. The low point of oxygen consumption 
was adjusted with ferrous sulfate. Added 0.7 ml of 
mitochondrial reaction medium for 2 min. Added 0.1 
ml of mitochondrial suspension for 1 min and added 
10 ul oxidation substrate (sodium malate and sodium 
pyruvate are each 0.5  M) for 1min. After that, added 
5 ml of 0.1M LADP solution, recorded the oxygen 
consumption curve and observed the changes in mito-
chondrial respiratory oxygen consumption rate. From 
the curve, calculated the oxygen consumption after 
ADP was added (I respiration, ST3) and after ADP 
was exhausted (IV respiration, ST4), and expressed by 
the number of moles of oxygen atoms consumed by 
unit mitochondria in unit time (mMO/min/mg pro). 
The ratio of oxygen consumption between state III 
and state IV (ST3/ST4) represented the respiration 
control of rate.

Glucose consumption

The cells were dissociated into single-cell suspen-
sions and seeded in 6-well plates (1×105 cells/well). 
After 24  h of incubation at 37°C, the concentration 
of glucose in the culture medium was measured using 
a glucose assay kit (Rsbio, Shanghai, China). Glucose 
consumption was calculated as the glucose concentra-
tion before incubation minus the glucose concentration 
after incubation. 
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Intracellular ATP concentration

An ATP assay kit (Beyotime Corporation) was used to 
detect the intracellular ATP concentration. Briefly, 1×105 
cells were lysed and centrifuged, and the supernatants 
were collected. The supernatants were mixed with lu-
ciferin-luciferase complex (100 µL), and the luminescent 
signal was measured using a luminometer (Pforzheim, 
Germany).

Intracellular ROS concentration

The cells (1×106) were stained with10 µM DCF-DA 
(2’,7’-dichlorodihydrofluorescein diacetate, Molecular 
Probes) to measure intracellular ROS and then analyzed 
using flow cytometry. The excitation and emission wave-
lengths were 488 nm (blue) and 525 nm (green), respec-
tively.

RESULTS

A stem cell-like subpopulation was observed in the 
MDA-T32 cell line

The human papillary thyroid carcinoma cell line 
MDA-T32 was seeded in 6-well plates (1000 cells/well) 
with DMEM, supplemented with 10% FBS, and cul-
tured at 37°C in humidified 5% CO2 atmosphere with 
saturated humidity for two weeks, after which the cells, 
including holoclones and non-holoclones, were observed 
under an Olympus IMT-2 inverted microscope (Fig. 1A). 
The mRNA expression levels of stem cell-related tran-
scripts were measured. As shown in Fig. 1B, the mRNA 
expression levels of CD34, c-kit, Twist1, Sox2, Oct4, 
Nanog, CD133, and Bmi-1 in spheres were significantly 
increased compared to those in the monolayer (Fig. 1B).

Perinuclear mitochondrial distribution and 
mitochondrial mass were higher in MDA-T32 side 
population cells than in non-SP cells

TCSCs displayed three distinct spatial arrangements of 
mitochondria: perinuclear, homogeneous, and aggregated, 
which were similar to those in the normal adult stem cell 
lines (Fig. 2A). The mitochondrial distribution pattern in 
side population (SP) cells was significantly different from 
that in MDA-T32 non-SP cells (Fig. 2B). Many MDA-
T32 SP cells showed increased perinuclear mitochondrial 
distribution, while MDA-T32 non-SP cells displayed ag-
gregated mitochondrial distributions.

As shown by flow cytometry, the mitochondrial mass 
in spheres was up-regulated with respect to the mon-
olayers. The results demonstrate significant average in-
tensities in the SP and non-SP cells, indicating increased 
mitochondrial mass in the SP compared to that in non-
SP cells (Fig. 3A and 3B). A differentiation medium, 
DMEM with 10% FBS, was used to treat the spheres, 
and the intensity of the Mito-Tracker Green per cell de-
creased sharply from day 0 to day 1, increased from day 
1 to day 2, and decreased gradually from day 2 to day 
3. The mitochondrial mass significantly increased from 
day 4 to day 8. After 16 days, the mitochondrial mass 
was down-regulated in the differentiated descendants 
(Fig.  3C). 

Low amount of mtDNA in TCSCs

The copies of mtDNA, calculated using Cox I/actin, 
were lower in spheres than in monolayers (Fig. 3D).

Figure 1. A stem cell-like subpopulation was observed in the 
MDA-T32 cell line
(A) holoclones (left) and non-holoclones (right) were observed 
under an inverted microscope. (B) the mRNA expression levels of 
stem cell-related transcripts, including CD34, c-kit, Twist1, Sox2, 
Oct4, Nanog, CD133, Bmi-1, CD44s, MELK, N-cadherin, and C-myc, 
were detected using qRT-PCR.

Figure 2. Distribution of mitochondria in SP and non-SP sub-
populations of the MDA-T32 cell line
(A) Mitochondria were visualized using MitoTracker Green (green), 
and the cell periphery was stained using Dil (red). The intensity 
was detected using laser confocal microscopy, scale bar=5 µm. 
Cells with a predominantly perinuclear arrangement of mitochon-
dria had a high fluorescence intensity near the nucleus, which re-
duced precipitously toward the cell periphery. (B) Quantification 
of mitochondrial distribution pattern in SP and non-SP subpopula-
tions of the MDA-T32 cell line. SP, side population. **p<0.01 and 
****p<0.0001 compared to the SP group.
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Figure 3. Amount of mitochondria and mtDNA
(A, B) Images and statistical analysis on the average intensities of MitoTracker Green in SP and non-SP subpopulations from the results of 
laser confocal microscopy. (C) Change in mitochondrial mass during differentiation of the spheres (0–16 days) using flow cytometry. (D) 
mtDNA copies were presented as Cox/actin, using real-time PCR. **p<0.01 and ***p<0.001 compared to the SP/monolayer group.

Figure 4. High mitochondrial membrane potential (MMP) was observed in TCSCs
(A) The intensity of Rh123 in spheres and monolayer cells, using flow cytometry. (B) The relative MMP in spheres and monolayer cells.  
(C) Change in MMP during differentiation of the spheres. ***p<0.001 compared to the monolayer group.
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Higher MMP was observed in TCSCs

The MMP levels in spheres and monolayers were 
detected. The results showed that the MMP level in 
spheres was higher than that in monolayers. The inten-
sity of Rh123 was dependent on MMP level and mito-
chondrial mass. Thus, the ratio of the intensity of Rh123 
and mitochondrial mass was calculated to show the rela-
tive MMP level. The results suggested that the relative 
MMP level in spheres was higher than that in monolay-
ers (Fig. 4A and 4B). A differentiation medium, DMEM 
with 10% FBS, was used to treat the spheres. On the 
first day, the intracellular intensity of Rh123 increased 
significantly. The MMP level plateaued between days 1 
and 2 and decreased rapidly until day 16 (Fig. 4C).

TCSCs consume less glucose and oxygen and have 
lower ATP and ROS concentrations than non-TCSCs

The spheres consumed less glucose and oxygen than 
the monolayers (Fig. 5A and 5B). As shown in Fig. 5C, 
the intracellular ATP concentration, depicted as ATP 
content per cell, was lower in spheres than in monolay-
ers. In addition, considerably lower levels of ROS were 
observed in the sphere than in the monolayer (Fig. 5D). 

DISCUSSION

CSCs have specific features, including cytotoxic resist-
ance, immunogenicity, invasiveness, hypoxic tolerance, 
proliferation/division, and the capacity for neovessel in-
duction (Xiao-Qun et al., 2011). Metabolism is an impor-
tant characteristic of CSC energy properties and can be 
used as a diagnostic and therapeutic target.

In our study, TCSCs were isolated and identified in 
the MDA-T32 cell line using the mRNA expression lev-

els of stem cell-related transcripts. The mRNA expres-
sion levels of CD34, c-kit, Twist, Sox2, Oct4, Nanog, 
CD133, and Bmi-1 in spheres were significantly in-
creased compared to those in monolayer. TCSCs might 
be isolated according to the presence of cell surface 
markers including CD133 and CD34; putative stem cells 
markers such as Oct4, Sox2, and Nanog; normal adult 
stem cell molecules related to stemness such as c-kit and 
Bmi-1; and EMT transcription factors such as Twist1. 
Notably, these markers and factors are closely associ-
ated with the cellular metabolic pathway of mitochondria 
and energy. CD34 can sustain low oxygen consumption 
and ATP levels, two specific mitochondrial features, in 
human hematopoietic stem cells (Piccoli et al., 2005). A 
previous study indicated that during the differentiation 
of embryonic stem cells, significant alterations in oxy-
gen consumption, mtDNA copy number, mitochondrial 
morphology, and ATP levels are accompanied by the 
decreased expression of Oct4, Sox2, and Nanog (Facu-
cho-Oliveira et al., 2009). Liu and others (Liu et al., 2009) 
reported that Bmi1 can maintain mitochondrial function 
and redox homeostasis (Liu et al., 2009). Pan and others 
(Pan et al., 2009) found that twist-1, selectively expressed 
in adipose tissues, can interact with PGC-1α to inhibit 
the metabolism and uncoupling of mitochondria (Pan et 
al., 2009).

In this study, three types of mitochondrial arrange-
ments and significant differences in mitochondrial ar-
rangement patterns were observed. Lonergan et al. re-
ported that the percentage of cells with a perinuclear 
mitochondrial arrangement, low rate of oxygen con-
sumption, low ATP/cell content, and low mtDNA con-
tent may be indicators of stem cell differentiation com-
petence, which might serve as an indicator of stem cells 
(Lonergan et al., 2006; Lonergan et al., 2007). Also, many 

Figure 5. Glucose/oxygen consumption and intracellular ATP/ROS concentration in spheres and monolayer cells
(A) Glucose consumption in spheres and monolayer cells. (B) Oxygen consumption in spheres and monolayer cells. The ratio of oxygen 
consumption between state III and state IV (ST3/ST4) represented the respiration control of rate (RCR). (C) ATP concentration per cell. 
(D) Intracellular ROS concentration was detected using flow cytometry. Red was presented as sphere and green was presented as mon-
olayer. ***p<0.001 compared to the monolayer group.
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benefits were reported about the content between mito-
chondria and nuclei, such as cellular material transport, 
energy transfer. Thus, it indicated that a perinuclear mi-
tochondrial arrangement could help the differentiation of 
CSCs (Piccoli et al., 2005).

In our study, MDA-T32 spheres consistently had sig-
nificantly lower mtDNA copies than monolayers, and 
the quantity of mtDNA content increased during the 
differentiation of MDA-T32 spheres. These results sug-
gest that mtDNA replication is extensively enhanced.

MMP reflects the functional status of the mitochon-
dria and is correlated with cell differentiation, tumor 
development, and progression. In the present study, we 
showed that a higher MMP was observed in TCSCs. 
Bonnet and others (Bonnet et al., 2007) found that sev-
eral human cancer cells, including glioblastoma M059K, 
lung cancer A549, and breast cancer MCF-7 cells, have 
higher MMP than normal cells, thus contributing to ap-
optosis resistance (Bonnet et al., 2007). It has also been 
reported that prostate cancer and melanomas present a 
higher MMP than normal epithelial cells (Kroemer et al., 
2008). The possible mechanisms should be considered, 
as follows: (1) Overexpression of bcl-2. The bcl-2 fam-
ily member proteins play a role by interacting with the 
permeability transition pore complex (PTPC). The two 
anti-apoptotic proteins bcl-2 and bcl-X combine with 
PTPC, which helps to close PTPC and maintain MMP 
(Sugrue & Tatton, 2001). Studies have shown that over-
expression of bcl-2 has been observed in CSCs, and the 
up-regulation of this molecule may partly explain the 
high MMP phenomenon of TCSCs. (2) Low concentra-
tion of ROS. The interaction between ROS and PTPC’s 
sulfhydryl group is beneficial to open PTPC and reduce 
intracellular MMP (Klein et al., 1996). Some studies have 
confirmed that embryonic stem cells and hematopoietic 
stem cells have lower ROS than their progeny cells, and 
this difference is essential for maintaining stem cell func-
tion (Ezashi, 2005; Tothova et al., 2007). The increase 
of ROS in stem cells can reduce the self-renewal abil-
ity of normal stem cells, promote cell differentiation, and 
reduce cell viability (Naka et al., 2008). In addition, the 
results of Diehn and others (Diehn et al., 2009) showed 
that in some tumors, CSCs subgroups have lower ROS 
levels and stronger ROS resistance than their off-
spring. This result has also been confirmed in our ex-
periments: LCSCs consume less oxygen and have lower 
ROS in cells. Therefore, the low concentration of ROS 
in LCSCs may be another molecular mechanism lead-
ing to high MMP. (3) Down-regulation of mitochondrial 
uncoupling proteins (UCP) (Diehn et al., 2009). UCPs 
are members of the mitochondrial anion carrier protein 
family. In mammalian cells, the expression of UCPs is 
related to negative regulation of MMP. Interestingly, an 
experiment showed that UCP2–/– cells have stronger 
clonal formation and hypoxia tolerance, more oxygen 
consumption and low ATP concentration (Derdák et al., 
2006). Therefore, the expression level of UCPs may be 
considered as the third molecular factor of LCSCs high 
MMP. (4) Low ATP synthase activity. The conversion of 
ADP into ATP-by-ATP synthase depends on the voltage 
that consumes MMP (Sugrue & Tatton, 2001). In other 
words, the enhancement of ATP synthase activity can 
be accompanied by a decrease in MMP. Therefore, low 
ATP concentration may be one of the reasons for the 
high MMP in LCSCs. (5) Fusion of mitochondria. Stud-
ies have found that mitochondrial fusion and MMP also 
have a certain close relationship. Enlarged mitochondria 
due to increased fusion and decreased division can main-
tain high levels of MMP (Zorzano et al., 2010). At the 

same time, the integrity of MMP also promotes mito-
chondrial fusion. Reports have proved that MMP down-
regulation and its exhaustion can completely hinder mi-
tochondrial fusion, and this down-regulation is reversible. 
When the MMP decreased, the dotted mitochondria can 
re-fuse and extend to form a connected whole (Ishihara 
et al., 2003; Song et al., 2007). Although there is no direct 
evidence to prove these underlying mechanisms in our 
results, we will further explore the above mechanisms in 
future research.

Lastly, our results showed that TCSCs consumed less 
glucose and oxygen, and the concentrations of ATP and 
ROS were lower than that in non-TCSCs. CSCs con-
sume less O2 and produce less ATP despite increased 
mitochondrial function. The possible mechanisms may 
be as follows: (1) cells with “stemness” properties in 
CSCs are relatively quiescent with low energy demands 
and (2) CSCs may use substrates other than glucose as 
energy source. Consistently, a previous study indicated 
that perinuclear mitochondrial distribution, high MMP, 
and low amount of mtDNA, ROS and ATP concentra-
tions, and oxygen/glucose consumption were observed 
in lung CSCs. In addition, large amounts of ROS, which 
are generated from electron transport within the inner 
mitochondrial membrane, are produced in the thyroid 
under physiological conditions (Lee et al., 2015). Diehn 
and others (Diehn et al., 2009) indicated that subsets of 
CSCs in tumors enhanced ROS defenses and contained 
low ROS levels, contributing to radio-resistance. Fur-
thermore, it is well known that cancer cells have higher 
glucose consumption and lactate production, even under 
normoxic conditions, than normal cells, which is known 
as the Warburg effect (Chiaradonna et al., 2006, Ward & 
Thompson, 2012). 

CONCLUSION

In summary, alterations in mitochondrial function and 
cellular energy metabolism can be used as novel indica-
tors of TCSCs.
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