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Abstract: The purpose of this study was to investigate the effects of oxygen tension on mouse induced
pluripotent stem (iPS) cells by assessing differentiation in terms of embryoid body (EB) size and
mRNA and protein expression levels of collagen type 1 and Runx2. EBs and outgrowth cells (OGCs)
were cultured in conditions of hypoxia (2%), normoxia (21%) and hyperoxia (35%). Significantly
larger EBs were observed in the hyperoxia and normoxia groups compared to the hypoxia group on
Days 8 and 10. The hyperoxia group had significantly higher mRNA and protein expression levels of
collagen type 1 and Runx2 compared to the hypoxia and normoxia groups on Days 10 and 26, and
these expression levels in the hypoxia group were significantly lower than the normoxia group on
Days 10 and 26. These results suggest that hyperoxia accelerates the enlargement in EBs and the
differentiation of iPS cells.

Keywords: cell differentiation; induced pluripotent stem cell; oxygen tension; embryoid bodies;
outgrowth cells

1. Introduction

Induced pluripotent stem (iPS) cells were first established in 2006 by Takahashi and
Yamanaka [1]. iPS cells were generated from mouse embryonic or adult fibroblasts after
retrovirally introducing genes encoding four transcription factors (Oct3/4, Sox2, Klf4 and
c-Myc). iPS cells are prime candidates for cell sources of cell regeneration therapy, because
they retain their pluripotency. Two methods to differentiate iPS cells into target cells are
known: embryoid body (EB)-mediated differentiation or direct differentiation of iPS cells.
In this study, the EB-mediated differentiation method was used. Outgrowth cells (OGCs)
from EBs can be used to differentiate further them into other types of cells. Several studies
have reported that cell differentiation is influenced by a variety of physicochemical factors,
such as matrix composition and mechanical stress.

Oxygen tension is also known to be an important factor for iPS cell differentiation.
The in situ oxygen tension is considerably lower than atmosphere levels. Thus, many
studies on cell differentiation under hypoxia conditions have been reported, but little is
known about the effects of high oxygen tension for the differentiation of cells. On the other
hand, hyperbaric oxygen therapy is an effective treatment for severe bone fractures, and
it promotes quick and complete healing of bones. However, few studies have focused
on the effects of higher oxygen tension on the formation of EBs from iPS cells and iPS
cell differentiation.

Osteo-differentiation is a process that happens gradually. Several specific markers
can be examined to determine the differentiation state of the cells [2]. Runt-related tran-
scription factor 2 (Runx2) is an early osteo-differentiation marker that is critical for the
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osteo-differentiation process [3]. Runx2 regulates the differentiation of mesenchymal pro-
genitor cells into pre-osteoblasts. These bone progenitor cells initiate the production of
collagen type 1, the most abundant type of collagen in the body [4]. Collagen type 1 is
the principal organic component of the bone extracellular matrix. Lynch et al. [5] sug-
gested that collagen type 1 is involved in mediating the signaling cascade associated with
enhancing the expression of the differentiated phenotype of osteoblasts and accelerating
the mineralization of the matrix in vitro. Forming EBs followed by harvesting OGCs and
differentiating them into the osteogenic lineage requires the expression of type 1 collagen
and Runx2 [2].

The aim of this study was to investigate the effects of oxygen tension (hyperoxia,
normoxia and hypoxia) on the size of EBs and on iPS cell differentiation in terms of the
expression of collagen type 1 and Runx2, which are markers of early osteogenesis.

2. Materials and Methods
2.1. Cell Culture

Mouse iPS cells (miPSCs) that produce green fluorescent protein (GFP) regulated by
the Nanog promoter were provided by the Riken Cell Bank (cell No. ASP0001, cell name iPS-
MEF-Ng-20D-17) and were cultured as previously reported [6]. miPSCs were maintained
on SNL 76/7 feeder cells and created cell colonies in iPS medium consisting of high glucose
DMEM (Nacalai Tesque, Kyoto, Japan), 15% knockout serum replacement (KSR) (Gibco,
Grand Island, NY, USA), 10 mM nonessential amino acids (Gibco, Grand Island, NY, USA),
200 mM L-glutamine (Gibco, Grand Island, NY, USA), 55 mM 2-mercaptoethanol (Gibco,
Grand Island, NY, USA) and 10 µg/mL murine leukemia inhibitory factor (Wako, Osaka,
Japan) for three passages. Colonies were then dissociated using Accutase® (Millipore,
Temecula, CA, USA) into single cells and were switched to feederless cell cultures using
ESGRO® Complete Plus Serum Free Clonal Grade Medium and ESGRO® Basal Medium
(Millipore, Temecula, CA, USA), according to the manufacturer’s instructions, and were
then cultured for five passages before being used in these experiments. Cell cultures for the
above procedures were kept in a tissue culture incubator at 37 ◦C, 5% CO2 and 21% O2.

2.2. Experimental Design

The formation of EBs and OGCs at various oxygen tensions was characterized (Figure 1).
EBs were classified into two categories according to the stage of differentiation: simple EBs
and cystic EBs [7–9]. When ES cells were cultured in suspension for 2 to 4 days, spherical
ES cell aggregates were formed. These ES cell aggregates with morula-like structures
were called simple EBs. After 4–5 days of continuous suspension, a cavity was formed
in the center of each EB. This stage of EBs was called cystic EBs. Cystic EBs resemble
follicular embryos or embryos at the egg cylinder stage, with a double-layered structure
surrounding the cavity. After 8 to 10 days in suspension culture, the cystic EBs expanded
into large cystic structures resembling the internal yolk sac of a post-implantation embryo.
Kurosawa et al. [10] suggested that these large cystic EBs correspond to the late stage and
should be differentiated from EBs up to day 5. Therefore, we decided to change the
oxygen concentration from day 5, corresponding to the late stage of EBs, referring to the
differentiation process of actual fertilized eggs. In order to form EBs in this study, we
performed the modifications detailed by Nakatsuji and Suemori [11]. Briefly, miPSC cell
colonies were dissociated using 0.25% trypsin-EDTA (Gibco, Grand Island, NY, USA) into
single cells that were resuspended in EB formation medium consisting of high glucose
DMEM, 10% fetal bovine serum (FBS) (Biosera, Nuaille, France) and 10% KSR. Cells
were used at a concentration of 3000 cells per 20 µL to form EBs using the hanging drop
method for 48 h at 37 ◦C, 5% CO2 and 21% O2. This day is considered Day 0 of the
study. Subsequently, EBs were transferred to low-attachment bacterial culture dishes in
EB formation medium and were grown as suspension cultures for 72 h at 37 ◦C, 5% CO2
and 21% O2. Our preliminary study found that the undifferentiated characteristics of EBs
remained until Day 5 (unpublished data). The EBs were then divided into three oxygen
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tension groups on Day 5, a hypoxia group (2% O2), a normoxia group (21% O2) and a
hyperoxia group (35% O2). The oxygen levels in cell cultures were controlled using a
multi gas incubator (SMA-30; Astec, Fukuoka, Japan). Five days after the change to each
of the oxygen tensions, i.e., on Day 10 from the EB formation, 20 EBs were seeded in
gelatin-coated 35 mm cell culture dishes to allow the formation of OGCs, and the medium
was switched to MEM Alpha (Gibco, Grand Island, NY, USA) with 10% FBS. Cells were
then maintained until 16 days after the change of oxygen tension, i.e., Day 26 from the EB
formation, with medium changes every 2 days. EBs and OGCs were evaluated on Days 10
and 26, respectively, using qRT-PCR and immunocytofluorescence (ICF) staining.
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Figure 1. Scheme of the experimental design. Day 0 is the first day of the hanging drop method for EB
formation. Day 2 is the first day of suspension culture for EBs. Shaded areas show the experimental
design. Five days after the suspension for EB formation, different oxygen tensions were examined.
The EBs at Day 10 were evaluated in terms of size, expression of mRNA and protein (arrow 1), after
which the EBs were put in 35 mm dishes for OGC formation. Sixteen days (26 days in total days)
after the adherent culture, OGCs were evaluated in terms of their expression of mRNA and protein
(arrow 2).

2.3. Observation of EB Formation

The formation of EBs was observed and their sizes in µm were measured in micro-
graphs (mean value ± standard error) on Days 2, 5, 8 and 10. Specimens were observed and
photographed using a BZ-X710 fluorescence phase contrast microscope (KEYENCE, Osaka,
Japan). Expression of the Nanog promoter in iPS cells was observed using a fluorescent
microscope by confirming the emission of light by GFP.

2.4. Quantitative Real-Time PCR Analysis

Total RNAs were extracted using a RNeasy® Mini Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions. Each total RNA was reverse-transcribed and
amplified using ReverTra Ace® qPCR RT Master Mix with gDNA Remover (Toyobo, Osaka,
Japan) and cDNAs were synthesized. Quantitative RT-PCR was performed using TaqMan
Gene Expression Assays (Applied Biosystems, Life Technologies, Carlsbad, CA, USA) for
three target genes: collagen type Iα1 (collagen type 1), which was detected as a bone matrix
marker, runt-related transcription factor 2 (Runx2), which was detected as a marker of
osteoblasts and glyceraldehyde phosphate dehydrogenase (GAPDH), which is used as an
endogenous control; primers used are shown in Table 1. A real-time PCR 7500 fast system
(Applied Biosystems, Carlsbad, CA, USA) was used, and the relative expression of each
target gene was estimated using the ∆∆Ct method.
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Table 1. qRT-PCR Primers Used in this Study.

Primer Gene Name Assay ID

Collagen Type I Collagen type I alpha 1 Mm00801666_g1
Runx2 Runt-related transcription factor 2 Mm00501580_m1

GAPDH Glyceraldehyde-3-phosphate dehydrogenase Mm99999915_g1

2.5. Immunocytofluorescence (ICF) Staining

On Days 10 and 26, EBs and OGCs were fixed in 4% paraformaldehyde for 15 min
at 4 ◦C, and then were permeabilized by 0.1% Triton X-100 in PBS for 15 min. EBs and
OGCs were blocked with 10% goat serum for 1 h at room temperature and were then
incubated overnight at 4 ◦C with primary antibodies to collagen type 1 (1:500, ab34710,
Abcam, Cambridge, UK) and Runx2 (1:100, ab76956, Abcam, Cambridge, UK). Each sample
was then washed with PBS and incubated with a secondary antibody conjugated to Alexa
fluor® 488 (1:200, Invitrogen, Carlsbad, CA, USA) for 30 min at room temperature. The
samples were mounted using ProLong™ Diamond Antifade Mountant with DAPI (Life
Technologies, Carlsbad, CA, USA) for nuclear counter staining.

2.6. Evaluation of the Intensity of Fluorescence in ICF Images

Each group of specimens was observed and photographed using a LSM 880 NLO (Carl
Zeiss Microscopy GmbH, Jena, Germany) confocal laser scanning microscope. Quantitation
of the intensity of fluorescence ICF images was performed using Fiji/ImageJ2 software
(https://fiji.sc, accessed on 26 April 2021) [12].

2.7. Statistical Analysis

The experimental results were compared for variance using Bartlett’s test. The results
were analyzed via one-way ANOVA and were then compared by Tukey’s test when no
significant difference was found (p-value > 0.05). When comparison of variances using
Bartlett’s test revealed a significant difference (p-value < 0.05), data were analyzed using
the Steel–Dwass test. A p-value < 0.05 is considered statistically significant for all analyses,
using JMP pro Statistical software (version 14.0.0; SAS Institute, Cary, NC, USA).

3. Results
3.1. Evaluation of EBs

On Days 2 and 5, the expression of Nanog was observed in almost the entire area of
each EB (Figure 2a,b), but the expression of Nanog was clearly attenuated in EBs cultured
under normal oxygen conditions on Days 8 or 10 (Figure 2d,g). The size of EBs on Day
2, equivalent to the point in time when the hanging drop method was finished, was
318.65 ± 3.44 µm (N = 20, range 295 to 368 µm) (Figure 3) and by Day 5 it had increased to
519.80 ± 18.44 µm (N = 20, range 362 to 704 µm). The size of EBs on Day 8 in the hypoxia
group was 635.05 ± 19.25 µm (N = 37, range 503 to 837 µm), in the normoxia group it
was 740.83 ± 22.89 µm (N = 115, range 413 to 1234 µm) and in the hyperoxia group it was
744.37 ± 12.74 µm (N = 49, range 444 to 1205 µm). EBs in the normoxia and hyperoxia
groups were significantly larger on Day 8 compared with EBs in the hypoxia group, but
there was no significant difference between the normoxia and the hyperoxia groups. The
size of EBs on Day 10 in the hypoxia group was 637.43 ± 26.91 µm (N = 56, range 529 to
888 µm), in the normoxia group it was 943.16 ± 41.52 µm (N = 92, range 532 to 1692 µm)
and in the hyperoxia group it was 945.67 ± 10.27 µm (N = 51, range 611 to 1956 µm). EBs
in the normoxia and the hyperoxia groups were significantly larger compared to EBs in the
hypoxia group on Day 10, and, as was the case on Day 8, there was no significant difference
between EBs in the hyperoxia and normoxia groups. EBs in the hyperoxia group had a
significantly larger size than EBs in the hypoxia group, and the standard errors tended to
be smaller. The size of EBs became larger from Days 2 to 5. The size of EBs in the normoxia
and hyperoxia groups became larger from Day 5 to Day 10. The size of EBs in the hypoxia

https://fiji.sc
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group on Day 8 became larger compared to Day 5 but was smaller than EBs in the other
two groups, and was about the same size on Days 8 and 10, meaning that they had not
increased in size.
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3.2. qRT-PCR Analysis of Gene Expression Patterns

On Day 10, the mRNA expression level of collagen type 1 was significantly higher in
the hyperoxia group (N = 6) than in the normoxia group (N = 12), and the levels in both those
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groups were significantly higher than the hypoxia group (N = 6) (Figure 4a). The differences
in collagen type 1 mRNA expression levels among these three groups were statistically
significant. At Day 10, the mRNA expression level of Runx2 was significantly higher in
the hyperoxia group than in both the normoxia and hypoxia groups (Figure 4b). The
differences in Runx2 mRNA expression levels among these three groups were statistically
significant. The hyperoxia group had the highest and the hypoxia group had the lowest
mRNA expression levels for both collagen type 1 and Runx2.
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3.3. ICF Staining for Collagen Type 1 and Runx2 Proteins

Staining for collagen type 1 and Runx2 proteins was positive (green) in the EBs from
all three groups (n = 6 for all three groups). The staining of collagen type 1 in the hyperoxia
group showed a higher expression level compared with the other two groups (Figure 5a–c).
Furthermore, Runx2 staining in EBs of the hyperoxia group was more highly expressed
compared to other two groups (Figure 5d–f).
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3.4. Intensity of Fluorescence in ICF Staining Images

In ICF staining for collagen type1 and Runx2 protein expression, EBs of the hyperoxia
group showed the highest intensity compared with the other two groups (Figure 6 a,b).
The hypoxia group had the lowest intensity and the differences were statistically significant
in all three groups (n = 9 for all three groups).
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Figure 6. Comparison of the intensity of fluorescence in ICF staining for collagen type 1 (a) and
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3.5. Evaluation of OGCs
3.5.1. qRT-PCR Analysis of mRNA Expression Levels

On Day 26, the mRNA expression level of collagen type 1 in OGCs was significantly
higher in the hyperoxia group (N = 6) than in the normoxia (N = 12) and hypoxia groups
(N = 6) (Figure 7a). The mRNA expression level of collagen type 1 in OGCs in the hypoxia
group was lower than in the normoxia group but the difference was not significant. On Day
26, the mRNA expression level of Runx2 was significantly higher in the hyperoxia group
than in the normoxia and hypoxia groups (Figure 7b). Moreover, the expression level of
Runx2 mRNA in the normoxia group was significantly higher than in the hypoxia group.
The mRNA expression level of collagen type 1 was higher on Day 26 than on Day 10 in all
three groups, and the mRNA expression levels of Runx2 showed the same tendencies as
collagen type 1 mRNA.
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3.5.2. ICF Staining of Collagen Type 1 and Runx 2 Proteins

The ICF staining behavior of OGCs was similar to the EB behavior as described above.
Collagen type 1 positive OGCs in the hyperoxia group were more strongly stained and a
wider area was positive on comparison to the hypoxia group (Figure 8a–c). Runx2 staining
was seen in the cytoplasm and nuclei of OGCs (Figure 8d–f). In the hyperoxia group, many
Runx2 positive OGCs were observed, much more so than in the normoxia and hypoxia
groups. However, only a few differences were seen (n = 6, for all three groups).



Appl. Sci. 2023, 13, 1215 8 of 12

Appl. Sci. 2023, 13, 1215 8 of 12 
 

and hypoxia groups. However, only a few differences were seen (n = 6, for all three 
groups). 

 
Figure 8. ICF staining for collagen type 1 (a–c) and Runx2 (d–f) proteins in OGCs on Day 26. 

3.5.3. Intensity of Fluorescence in ICF Staining Images of OGCs 
In ICF staining for collagen type 1 protein, OGCs of the hyperoxia group (N = 419) 

showed the highest intensity on Day 26, and OGCs of the hypoxia group (N = 1660) 
showed the lowest intensity (Figure 9a,b). ICF staining of Runx2 protein in OGCs of the 
hyperoxia group was significantly higher than the other two groups, and showed the 
same tendency as collagen type 1. These results were consistent with the results of qRT-
PCR analysis (OGSs of the normoxia group: N = 1561). 

  
(a) (b) 

Figure 9. Comparison of the intensity of fluorescence in ICF staining for collagen type 1 (a) and 
Runx2 (b) proteins on Day 26. One asterisk (*) indicates that 0.01 ≤ p-value < 0.05. Two asterisks (**) 
indicate that the p-value < 0.01. 

4. Discussion 
The oxygen tensions used in this study define hypoxia as 2% O2, normoxia as 21% O2 

and hyperoxia as 35% O2. The reasons for these oxygen tension settings were that most 
previous studies that increased the differentiation of cells in hypoxia were set at 10% O2 
or less, and 2% O2 was particularly effective [13–16]. On the other hand, many studies 
have reported the effects of hyperoxia at 35% O2 [17–20]. Shaw and Basset reported that 
the highest level of ossification was observed at 35% O2 [17], and therefore hyperoxia was 
defined as 35% O2 in this study. 

Figure 8. ICF staining for collagen type 1 (a–c) and Runx2 (d–f) proteins in OGCs on Day 26.

3.5.3. Intensity of Fluorescence in ICF Staining Images of OGCs

In ICF staining for collagen type 1 protein, OGCs of the hyperoxia group (N = 419)
showed the highest intensity on Day 26, and OGCs of the hypoxia group (N = 1660) showed
the lowest intensity (Figure 9a,b). ICF staining of Runx2 protein in OGCs of the hyperoxia
group was significantly higher than the other two groups, and showed the same tendency
as collagen type 1. These results were consistent with the results of qRT-PCR analysis
(OGSs of the normoxia group: N = 1561).
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4. Discussion

The oxygen tensions used in this study define hypoxia as 2% O2, normoxia as 21% O2
and hyperoxia as 35% O2. The reasons for these oxygen tension settings were that most
previous studies that increased the differentiation of cells in hypoxia were set at 10% O2
or less, and 2% O2 was particularly effective [13–16]. On the other hand, many studies
have reported the effects of hyperoxia at 35% O2 [17–20]. Shaw and Basset reported that
the highest level of ossification was observed at 35% O2 [17], and therefore hyperoxia was
defined as 35% O2 in this study.

4.1. Decrease of Nanog Expression and Increase of EB Size Depend on Oxygen Tension

The size of EBs increased over time from Day 2 to Day 10. Nanog, which is an index
of the undifferentiated state, was expressed on Days 2 and 5 but was not expressed on
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Days 8 or 10, indicating that the undifferentiated characteristics of EBs were kept until
Day 5. The results of this study supported the speculation of Kurosawa et al. [10], that the
differentiation state of EBs differs before and after Day 5.

The oxygen tension was changed on Day 5 in this study because the increases in EB
size were insufficient on Day 2, and the state of differentiation of EBs had progressed by
Day 10. As a result, the size of EBs cultured under hypoxia remained smaller than the size
of EBs cultured under normoxia, and EBs grew even larger under hyperoxia. According to
Gassmann et al., when EBs were formed from mouse embryonic stem (ES) cells and were
cultured under hypoxia (1%) for 5 days, they were found to grow equally [21]. However,
the number of viable EBs decreased when the culture was continued for 5 days. That
study did not comment on the size of the EBs, but the results suggested that hypoxia
suppressed the increased number of cells constituting EBs. In addition, according to a
study by Iida et al., hypoxia (3%) at the initial stage of the re-programming strengthened
the colonization when hiPS cells were produced from dental pulp cells [22]. However,
hypoxia strongly inhibited the colonization and the increase in hiPS cells at a late stage.
Furthermore, according to Kurosawa et al., when mouse ES cells were cultured under
hypoxia (5%), normoxia (20%) or hyperoxia (40%) for 4 days, cells proliferated the most
in hyperoxia and the least in hypoxia [23]. In this study, we changed the oxygen tension
to hypoxia on Day 5 of EB formation. As a result, the increase in EBs was suppressed;
thus, our results confirmed the above results. Cell death can result easily due to a lack of
oxygen and nourishment within cell agglomerations, which suggests that this was why
the proliferative rate decreased [24]. Hypoxia decreased the number of mitochondria in
cells, and it was thought that a metabolism change, such as the citric acid cycle [25], might
have influenced that. However, one study reported that no difference was seen in the
proliferative rate of cells with hypoxia (2%) or normoxia in periodontal ligament stem cells
or in dental pulp stem cells [26]. In addition, there was a report that hypoxia (5%) enhanced
the generation of iPS cells [27]. In other words, these findings suggest that many factors
may play important roles in regulating the proliferation and differentiation of iPS cells,
such as the type of cell, the oxygen tension, the exposure state and the time. On the other
hand, hyperoxia increased the size of EBs and the quantity of OGCs in this study. It has
been reported that an increase in oxygen tension allows Wnt signal transmission to regulate
an increase in differentiation and cell activation [28].

4.2. Effects of Oxygen Tension on the Expression of Collagen Type 1 and Runx2 by iPS Cells

The mRNA expression level of collagen type 1 in EBs on Day 10 was significantly
suppressed in the hypoxia group compared with the normoxia group, and was significantly
stimulated in the hyperoxia group. The mRNA expression level of Runx2 in EBs on Day 10
showed a similar tendency to the expression of collagen type 1 mRNA on Day 10. These
results suggest that EB differentiation under a hypoxia environment was suppressed. The
mRNA expression levels of collagen type 1 and Runx2 in OGCs on Day 26 showed a
similar result, and the differentiation of OGCs from EBs was more aggravated. In addition,
hyperoxia promoted an increase in EBs.

Hypoxia conditions (2% O2) decreased the expression of Runx2 in MG63 cells, which
are human osteoblast-like cells [13]. Tuncay et al. reported that when osteoblast-enriched
cultures from fetal rat calvariae were exposed to hyperoxia (90% O2) or hypoxia (10% O2),
the levels of alkaline phosphatase and collagen were decreased in the hypoxia environment
and the differentiation of osteoblasts was suppressed [14]. In addition, hypoxia conditions
(3% O2) have been shown to regulate the osteoplast differentiation of mouse ES cells [29].
It was reported that the hypoxia state reinforces the pluripotency of iPS cells [30–32].
Furthermore, hypoxia inducible factor (HIF) is expressed when iPS cells are exposed
to a hypoxia environment, and contributes to the control of stemness by transcription
network under hypoxia conditions [15]. The expression of HIF-1α plays an important
role in regulating the maturation of bone cells and calcification [33]. Hypoxia conditions
promote cartilage differentiation from MSCs [34].
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The classification of pluripotent stem cells into naive and primed populations was intro-
duced some time ago [35]. The naive population is equivalent to a preimplantation blast cyst,
and the primed population is equivalent to an embryo after implantation [36]. Mouse ES/iPS
cells were classified as a naïve population. Glycolytic pathway metabolism is important to
maintain pluripotency, but naive cells use oxidative phosphorylation [27,37,38]. Suppression
of the glycolytic pathway and activation of oxidative phosphorylation were caused by a
differentiation experiment of ES/iPS cells without determination of differentiation [32,39].
The shift to a similar metabolic pathway is probably caused by hyperoxia conditions. For this
reason, it is thought that hyperoxia conditions alter metabolism and promote differentiation.

There are clear differences between the characteristics of miPS cells and hiPS cells
derived under standard conditions [40]. Since mouse iPS cells were used in this experiment,
these results cannot be directly applied to human iPS cells. However, since both mouse and
human iPS cells have similar properties, such as enhanced pluripotency under the state
of hypoxia state [30–32], it is possible that the same results as in this experiment can be
expected for hiPS cells.

5. Conclusions

Hyperoxia promotes the differentiation of EBs and OGCs produced by mouse iPS cells
in terms of early stage of osteogenesis.
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