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Background & Objectives: Prior to vascularization in vive, embryonic cells and many of their differen-
tiated progeny exist in an environment with an oxygen partial pressure that is often far less than 40 mmHg.
Therefore, they must rely on anaerobic metabolism to produce ATP. Once oxygenated blood comes into
the embryonic tissues after implantation, mitochondrial oxidative phosphorylation system will be activated.
We aimed to examine the changes in mitochondrial content in undifferentiated human embryonic stem
(hES) cells, which have been derived from inner cell mass of blastocyst, and their early differentiation stage
in vitro.

Method: We removed feeder cells (STO), bFGF, and SR from undifferentiated hES cells (SNU hES3) for
1 and 2 weeks to induce spontaneous differentiation. The presence of Octd and nanog mRNA expression
were used as markers for stemness. Mitochondria were stained with Mitotracker and also were observed
with electoron microscope. Intracellular ATP content, intracellular amount of reactive oxygen species, and
antioxidant system were measured.

Results: Undifferentiated hES cells have scanty amount of mitochondria compared to the differentiated
cells. Interestingly, the margin of hES cell colony in the very early differentiation stage have lots of
mitochondria compared to the undifferentiated cells inside of the colony. Therefore, Mitotracker staining
can be used for one of the differentiation markers. Electron microscope showed that the hES cells have few
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mitochondria, which forms some cluster around the nucleus and differentiated celis have numerous mature
mitochondria. Real-time PCR for mitochondrial DNA showed that the mitochondrial DNA copies were
increased more than 30% compared to undifferentiated hES cells. Intracellular ATP content increased
about 4 fold and ROS amount also increased about 3 fold after differentiation. Glutathione peroxidase 1
expression were increased in the differentiated ES cells compared to undifferentiated cells

Conclusions: In summary, undifferentiated hES cells have few mitochondria and lower intracellular
ATP content. However, the mitochondrial content dramatically increases in the early differentiation stage
followed by the increase of the intracellular ATP content. ROS, by-product of oxidative respiration, were
also increased and antioxidant system was activated to reduce oxidative stress.
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