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Induced pluripotent stem cells (iPSCs) have a great potential as the seed cells for tissue engineering applications. Previous
studies have shown that iPSCs could be induced to differentiate to bone forming cells. However, in tissue engineering
approach, seeding cells in biomaterials is required, and the effect of biomaterials on cell growth and differentiation are
critical for the success of the formation of engineered tissues. In this study, we investigated the effect of akermanite, a
bioactive ceramic, on the osteogenic differentiation of embryoid body (EB) cells divided from human iPSCs. Results
showed that, in the presence of osteogenic factors (ascorbic acid, dexamethasone, and β-glycerophosphate), ionic extracts
of akermanite enhanced osteogenic differentiation of EB cells as compared with normal osteogenic medium. Alkaline
phosphatase (ALP) activity and the expression of osteogenic marker genes such as osteocalcin (OCN), collagen (COL-1),
RUNX2, BMP2 are significantly increased by stimulation of akermanite ceramic extracts at certain concentration range.
More interesting is that the medium containing extracts of akermanite but without osteogenic factors showed also
stimulatory effect on the osteogenic differentiation of EB cells as compared to normal growth medium without osteogenic
factors such as ascorbic acid, dexamethasone, and β-glycerophosphate, but not at the early stage of culture, and only at
later stage of culture period (21 days). These results suggest that akermanite as a bioactive material together with human
iPSCs might be used for bone tissue engineering application.

1.Introduction
Silicate based biomaterials such as bioactive glasses and
calcium silicate bioceramics have shown ability in stimulating
1-13
osteogenesis and angiogenesis in vitro and in vivo.
Considering the fact that biomaterials are required as a key
component of tissue engineering techniques, and often seed
cells are seeded on biomaterials to form engineered tissue
constructs, the effect of biomaterials on seed cells need to be
investigated. Some studies have revealed that Silicate-based
14
bioceramics for periodontal regeneration, and calcium
silicate bioceramics are able to stimulate osteogenic

differentiation of stem cells including bone marrow
mesenchymal stem cells,15,16 and urine-derived stem cells.17 In
recently studies, akermanite (Ca2MgSi2O7), a Ca-, Mg-, Sicontaining bioceramics, has been found to have excellent in
vitro apatite mineralization ability and improved mechanical
18-21
Moreover, it also has
strength as compared with bioglass.
been found that the dissolution extracts of akermanite have
the ability to stimulate the proliferation and osteogenic
differentiation of osteoblasts, human mesenchymal stem cells
22-25
(hBMSCs) and human adipose stem cells (hASCs).
iPSCs are cells reprogrammed from mouse and human
fibroblasts by transduction with a combination of transcription
26-30
Resent studies have shown that iPSCs can
factors.
differentiate into bone, cartilage and fat cells in vitro and form
31-40
calcified structures in scaffolds in vivo,
which indicate a
great potential as the seed cells for regenerative medicine and
tissue engineering applications. When iPSCs were grown in
suspension without the differentiation inhibitory factor,
embryoid body (EB) was formed. EB is a three-dimensional
cellular aggregates, which contain cells of three germ layers
(the endoderm, the ectoderm, and the mesoderm) origin such
41,42
as neuronal, osteogenic and hematopoietic.
However, to the best of our knowledge, no study has been
reported on the effect of biomaterials on osteogenic
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differentiation of iPSCs or EB. Our hypothesis is that, based on
the fact that the silicate bioceramics such as akermanite could
stimulate osteogenic differentiation of mesenchymal stem
cells, it may also be able to stimulate osteogenic
differentiation of iPSCs, and elucidating the effect of
biomaterials on iPSCs differentiation may increase the
potential of iPSCs for tissue engineering applications.
Therefore, to proof our hypothesis, the aim of this study is to
investigate the effect of akermanite bioceramics on the
proliferation and osteoblastic differentiation of EB cells that
divided from human iPSCs.

2. MATERIAL AND METHODS
2.1. Preparation of biomaterial extracts
The powder of the Akermanite was prepared as described
19
previously. Akermanite powder was soaked in DMEM (Gibco)
200mg/ml then incubated in a 37 /5% CO2 incubator for 24 h. The
mixture was then centrifuged for 10 min at 2000g at room
temperature, and the supernatant was sterilized through a filter
43
(Millipore, 0.22 mm) and stored at 4 (ISO10993-1). After
extraction, akermanite extracts were diluted with DMEM (Gibco)
+10% FBS (HyClone) or medium supplied by (Beijing Cellapy
Biotechnology ，China) used for the proliferation of human iPSCs
and hEB cells at the ratios of 1/32、1/64、1/128、1/256. To
determine the Ca, Mg, Si and P ion concentrations in bioceramic
extracts, as described previously,13 5 ml diluted samples taken from
the media for cell culture were analyzed by inductively coupled
plasma atomic emission spectroscopy (ICP-AES; Optima 3000DV,
Perkin Elmer, USA). DMEM was also analyzed by ICP-AES as control
medium.
2.2. Cell Culture
The human iPSCs were purchased from (Beijing Cellapy
Biotechnology, China). Human iPSCs were cultured on Matrigelcoated (BD Biosciences, Canada) dishes with PSCeasy medium
(Beijing Cellapy Biotechnology ，China).
2.3. Karyotyping
Derived human iPSCs were passaged onto Matrigel. The samples
were submitted for karyotyping analysis by standard G banding
technique (Beijing Cellapy Biotechnology, China). A minimum of 20
metaphase spreads were analyzed, and an additional 20 were
counted. The final karyotype was stated if it was present in more
than 85 % of them.
2.4. Biochemical assays
5

microscope (Leica) equipped with a digital camera (DMI 3000). ALPpositive cells were stained dark blue.
2.4.2. Immunostaining of human iPSCs – Human iPSCs were
cultured on Matrigel-coated 4 well plates, immunofluorescence
staining was performed after culturing cells to high density (60%
confluence). The cells were fixed in 4% paraformaldehyde (PFA)
(Sigma) for 20 min at room temperature and washed once with
phosphate buffer solution (PBS) (HyClone). Then，the cells were
permeabilized with 0.5% triton for 15 min and blocked in 3% bovine
serum albumin (BSA) (Sigma) for 1 h at room temperature. The cells
were stained with the following primary antibodies: NANOG (rabbit,
Abcam, 1:100), OCT4 (mouse, Abcam, 1:100), SSEA-4 (mouse,
Abcam, 1:100), TRA-1-60 (mouse, Abcam, 1:100), TRA-1-81 (mouse,
Abcam, 1:100), SOX2 (rabbit, Abcam, 1:100). The secondary
antibodies used were goat anti-mouse IgG-Alexa Fluor 488 and goat
anti-rabbit IgG-Alexa Fluor 488, all from Zhongshan Golden Bridge,
China. After blocking, the staining was performed by incubating
primary antibodies, according to the dilution factors in staining
solution (3% BSA) at 4 overnight (minimum 12 h), followed by 3 ×
5 min wash (PBS). The cells were then incubated with the related
secondary antibodies at 1:100 dilutions in staining solution in dark
at room temperature for 1 h, washed three times for 5 min and
incubated with Hoechst 33342 (Beyotime, China) solution (diluted
as 1:1000 in PBS) in dark at room temperature for 20 min. Hoechst
solution was then removed by suction and antifade mounting
medium (Beyotime, China) was added into the samples after being
washed once in PBS. Samples were imaged using Olympus IX71
microscope coupled with fluorescent module.
2.5. Teratoma formation and histological analysis
7

Human iPSCs were suspended at 2×10 cells/mL in PBS. NOD-SCID
mice (4 weeks; Wei Tong Li Hua, BeiJing, China) were anesthetized
with Ketamine and Xylazine. 100 μl of the cell suspension
6
(2×10 cells) were subcutaneously injected into the backs of NODSCID mice. 8 weeks later, the tumors were surgically dissected from
the mice. Samples were washed and fixed in 4%PFA solution for 2
days, and embedded in paraffin wax. After sectioning 5 μm thick,
the tissue was dewaxed in ethanol, rehydrated and stained with
hematoxylin and eosin.
2.6. In vitro differentiation
The formation of human embryoid body (hEB) derived from human
iPSCs was induced in the Diffeasy medium (Beijing Cellapy
Biotechnology, China) using the suspension method in a Petri dish
and maintained for 7 days. For evaluation of cell differentiation,
cells were plated on a Matrigel-coated dish for 1day, and then
incubated with differentiation medium. Osteogenic medium (OM):
L-DMEM (Gibco), 10% FBS (HyClone), 50μg/mL ascorbic acid (Sigma),
100 nM dexamethasone (Sigma), and 10 mM β-glycerophosphate
(Sigma). OM containing akermanite extracts: the extracts of
akermanite diluted by OM (to 1/32, 1/64, 1/128, 1/256, 1/512). The
differentiation medium was changed every 2 days and the cell
differentiation was evaluated after 7, 14, 21 days of culture.

2.4.1. Alkaline phosphatase staining – Human iPSCs (2 ×10
cells) were plated on 24-well plates. ALP staining were performed
after the cells were cultured for 7 days, the method was described
12
previously. Briefly, the cells were first washed with 1×PBS, fixed in
4% PFA for 15 minutes at room temperature and then rinsed with
deionized water. Then the cells were incubated in a naphthol/Fast 2.7. The morphology and stemness of human iPSCs assay
Blue ready-to-use solution (naphthol/Fast Blue = 166 μl/4 ml, Sigma)
in the dark at 37 °C for 20 min according to the manufacturer’s
To determine the effect of the extracts on cell morphology and the
instructions. The images of stained cells were obtained using a
stemness of iPSCs, serial dilutions of ceramic extracts was used
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(1/32, 1/64, 1/128, 1/256, 1/512). The human iPSCs (2×105cells/well) Table 1 ： The sequences of the primers for qRT-PCR in the
were seeded in 24-well plates and cultured in the growth medium. experiment.
The growth medium without the extracts was used as the control.
After 24 h, the culture medium was replaced by the growth medium
Primer
Sequence 5’ to 3’
supplemented with various concentrations of ceramic extracts then
h-ALP-F
ACC ACC ACg AgA gTg AAC CA
cultured for 1d, 3d and 7d. Cells were viewed under a light
h-ALP-R
CgT TgT CTg AgT ACC AgT CCC
microscope and immunofluorescence staining was performed at 7d
h-RUNX2-F
Tgg TTA CTg TCA Tgg Cgg gTA
according to the protocols described in 2.4.2.
h-RUNX2-R
TCT CAg ATC gTT gAA CCT TgC TA
h-BMP2-F
TTC ggC CTg AAA CAg AgA CC
2.8. Alkaline phosphatase staining and ALP activity assay
h-BMP2-R
CCT gAg TgC CTg CgA TAC Ag
h-Col1A-F
gAg ggC CAA gAC gAA gAC ATC
hEB cells were plated on 24-well plates. On the following day, cells
h-Col1A-R
CAg
ATC ACg TCA TCg CAC AAC
were cultured either with growth medium (GM) or with osteogenic
h-OC/(BGLAP)-F
CAC TCC TCg CCC TAT TggC
medium (OM) containing akermanite extracts with different
h-OC/(BGLAP)-R
CCC TCC TgC TTg gAC ACA AAg
dilution (1/32, 1/64, 1/128, 1/256, 1/512). Cells cultured in growth
h-GAPDH-F
GAT TTG GTC GTA TTG GGC G
medium (GM) with L-DMEM were set as the negative control, and
h-GAPDH-R
CTG GAA GAT GGT GAT GG
cells cultured in osteogenic medium (OM) were set as the positive
control. The medium was changed very two days. After the cells
were cultured for 7 days, alkaline phosphatase staining was
performed according to the method describe in Section 2.4.1. For
the measurement of alkaline phosphatase (ALP) activity, the
13
method was mentioned previously, ALP activity was measured
using an alkaline phosphatase Assay Kit (Abcam) according to the
supplier’s protocol. The kit uses p-nitrophenyl phosphate (pNPP) as
a phosphatase substrate, which turns yellow (max = 405 nm) when
dephosphorylated by ALP. Finally, the ALP activity was expressed in
nmol/ml/min.
2.9. Alizarin Red S staining

2.11. Statistical analysis
All obtained data were expressed as mean ± S.D. Statistically
significant differences between the groups were analysed using
Student’s t-test, Significant difference were considered when p <
0.05 (*) and p < 0.01 (**). Each experiment was carried out at least
three times.

3. RESULTS
3.1. Culture and characterization of human iPSCs

Cells plated in triplicate for different groups in 24-well plates were
fixed in 70% ethanol for 21 days in differentiation medium. Alizarin
Red S staining was performed to analyze the newly formed nodules
32
as described previously. Briefly, after the differentiation the cells
were washed with PBS twice and fixed with 10% formalin for 10 min
at room temperature followed by several washes with distilled H2O.
Thereafter cells were then stained with 2% (w/v) Alizarin Red
(Sigma) at room temperature for 5 min followed by several washes
with distilled H2O and viewed under a light microscope.

Human iPSCs (Figure 1A) was cultured on the Matrigel-coated
dishes. The formation of hEB derived from human iPSCs was
induced using the suspension method in a Petri dish and
maintained for 7 days in Diffesy medium. Results showed that cells
exhibited a regular round shape (Figure 1B). For further
investigation, we first evaluated the karyotype abnormalities
(Figure 1E and 1F) and observed the ALP expression (Figure 1C and
1D). Results show that the obtained cells express typical pluripotent
stem cell markers (Oct3/4, Sox2, Nanog, SSEA-4, TRA-1-60, RA-1-81)
of iPSCs (Figure 1G-L). In addition, the ALP expression detection also
2.10. Quantitative real-time polymerase chain reaction (Q-RT- PCR) suggests that the obtained cells can express ALP. Furthermore,
teratoma formation was also observed by hematoxylin and eosin
After osteogenic differentiation of hEB cells at 14、21 day，Gene staining (Figure 2). All these results confirmed that the teratoma is
13
expression were detected by Q-RT- PCR as described previously.
formed and contains three primary germ layers: ectoderm,
We using E.Z.N.A Total RNA kit I (OMEGA, Bio-tek) to isolate total endoderm and mesoderm, which indicate that the properties of the
RNA from cells cultured in different groups according to the cells satisfy criteria for human iPSCs.
manufacture’s instructions. The concentration was measured by a
nanodrop 1000 reader (Thermo SCIENTIFIC). ReverTra Ace-a kit
(Toyobo Co., Ltd, Japan) was used to synthesize the cDNA following
the manufacturer’s recommendations. Then we performed the RTPCR reactions utilizing SYBR-Green Master Mix (ToYOBO Co., Ltd).
Primers (ALP 、 RUNX2 、 BMP2 、 Col1 、 OCN) (Sangon Biotech
(Shanghai) Co., Ltd) sequences were shown as the table 1, GAPDH
was served as the normalization.
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Figure 1: Representative image of (A) human iPSCs cultured on
Matrigel; (B) human embryoid body (hEB) formation divided from
human iPSCs in suspension culture. Both human iPSCs (C) and hEBs
(D) were ALP stain positive. (E) and (F) show the results of
karyotype detection of human iPSCs. The pluripotent markers such
as SSEA4 (G), Nanog (H), OCT4 (I), SOX2 (J), TRA-1-60 (K) and TRA-181 (L) were detected by immunostaining.

Figure 3: Representative image of human iPSCs cultured on
Matrigel without feeder layer in GM (PSCeasy medium) and GM
extracts of akermanite. (GM: growth medium; Numbers 1/32, 1/64,
1/128, 1/256 represent the dilution of akermanite extracts with
growth medium), scale bar = 200μm.

Figure 2: Teratomas were formed when human iPSCs were
subcutaneously injected into the backs of NOD-SCID mice. (A)
Teratomas formed subcutaneously; (B) Optical images of teratomas
after 8 weeks. The formation of Endoderm (C), Mesoderm (D),
Ectoderm (E) was identified by H & E staining.
3.2. Morphology and stemness of human iPSCs after culturing in
akermanite extracts
Cell morphology is shown in Figure 3, and the pluripotent markers
of the iPSCs such as SSEA4, Nanog, OCT4, SOX2, TRA-1-60 and TRA1-81 after culturing in growth medium containing akermanite
extracts for 7 days were detected by immunostaining and results
are shown in Figure 4. It is clear to see that there was no significant
difference of cell morphology and the stemness between cells
cultured with and without akermanite extracts. These results
suggest that the akermanite extracts within the dilution range of

Figure 4: Staining of pluripotent markers such as SSEA4, Nanog,
OCT4, SOX2, TRA-1-60 and TRA-1-81 were detected by
immunostaining for human iPSCs cultured for 7 days in presence of
akermanite bioceramic extracts in different concentrations. (GM:
growth medium; Numbers 1/32, 1/64, 1/128, 1/256 represent the
dilution of akermanite extracts with growth medium;), scale bar =
200µm.
3.3. Alkaline phosphatase staining and ALP activity assay
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To evaluate the osteogenic differentiation of cells in the presence of
akermanite bioceramics, ALP staining and ALP activity assay after
culturing for 7day were performed and the results are shown in
Figure 5 and Figure 6. It is observed that, in osteogenic medium
(OM), the ALP expression was obvious on cells cultured both with
and without akermanite extracts (Figure 5A). In contrast, cells
cultured in normal GM expressed lower level of ALP as compared to
that in OM. However, it is interesting to see that the cells in GM
with akermanite extracts showed higher staining intensity as
compared to cells in GM without akermanite extracts (Figure 5B).
Quantitative ALP activity analysis showed similar results (Figure 6),
in which cells cultured in both OM and OM with akermanite
extracts revealed higher ALP activity than cells in GM (Figure 6A). If
we compare the ALP activity between cells in OM and OM with
akermanite extracts, we see that, OM containing akermanite
extracts at dilution of 1/128 and 1/256 showed higher activity than
cells in OM without bioceramic extracts and OM with extracts in
other dilutions. More interesting is that the cells cultured in GM
with akermanite at a dilution concentration of 1/128 also showed
stimulatory effect in ALP activity as compared to cells cultured in
GM without akermanite extracts (Figure 6B). This result suggests
that, even without osteogenic agents, akermanite ceramics have
the ability to induce osteogenic differentiation of EB cells.

Figure 7 shows the results of alizarin red S staining revealing matrix
mineralization. It is clear to see that cells cultured in OM and OM
with akermanite extracts revealed strong positive staining
indicating active mineralization in osteogenic conditions.
Furthermore, the staining intensity of all OM with akermanite
extracts groups with different dilution concentration of akermanite
extracts showed stronger staining than that of OM without ceramic
extracts, suggesting that akermanite enhanced osteogenic
differentiation of EB cells under osteogenic conditions. In contrast,
the staining for cells in GM medium showed very weak intensity for
both cultures with and without ceramic extracts. However, the
intensity for groups with extracts is clearly higher than that without
extracts.

Figure 7 ： Alizarin Red S staining of hEB cells indicating the
formation of calcium nodules after culturing in different medium
for 21 days. (A) hEB cells cultured in OM and OM containing
akermanite extracts. (B) hEB cells cultured in GM and GM
containing akermanite extracts. (OM: osteogenic medium; GM:
growth medium; Numbers 1/32, 1/64, 1/128, 1/256 represent the
dilution of akermanite extracts with growth medium or osteogenic
medium;), scale bar = 200μm.
3.5. Expression of osteogenesis related gene

Figure 5: ALP staining of hEB cells after culturing for 7 days in GM
and OM containing akermanite extracts. (A) hEB cells cultured in
OM and OM congtainning akermanite extracts; (B) hEB cells
cultured in GM and GM containing akermanite extracts. (OM:
osteogenic medium; GM: growth medium; Numbers 1/32, 1/64,
1/128, 1/256 represent the dilution of akermanite extracts with
growth medium or osteogenic medium;), scale bar = 500μm.

Figure 6: Quantitative analysis of ALP activity of hEB cells after
culturing for 7 days in (A) OM and OM containing akermanite
extracts, (B) in GM and GM containing akermanite extracts. (OM:
osteogenic medium; GM: growth medium; Numbers 1/32, 1/64,
1/128, 1/256 represent the dilution of akermanite extracts with
growth medium or osteogenic medium).
3.4 Evaluation of mineralization by Alizarin Red S staining

In order to evaluate the effect of akermanite bioceramics on
osteogenic differentiation, two experiments were performed. In the
first experiment, cells were cultured in OM medium plus
akermanite bioceramic extracts. After induction of the osteogenic
differentiation for 14、 21 days, the expression of osteogenic
marker genes were detected by qRT-PCR. From Figure 8 we can see
that OM containing akermanite extracts enhanced the expression of
osteogenic genes such as BMP2, COL1, OCN and RUNX2 as
compared with OM group without akermanite.

Figure 8：The expression of osteogenic marker genes such as ALP,
BMP2, COL1, OCN and RUNX2 of hEB cells in OM and OM
containing the extracts of akermanite. Statistically significant
*
**
difference P < 0.05 , 0.01 . (OM: osteogenic medium; Numbers
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In the second experiment, cells were cultured in normal growth
medium without addition of osteogenic agents such as ascorbic acid,
dexamethasone and β-glycerophosphate. The results showed that,
without OM and in early stage of culture at 14 day, the normal
growth medium containing akermanite extracts stimulated the
expression of ALP and BMP2, but not other osteogenic genes
(Figure 9). But in the later period of culture after 21 days, other
marker genes such as BMP2, COL1, OCN were also increased, which
suggest that the akermanite bioceramic extracts are able to
stimulate osteogenic differentiation of EB cells after culturing for
longer time.

Figure 9：
：The expression of osteogenic marker genes such as ALP,
BMP2, COL1, OCN and RUNX2 of hEB cells in GM and GM containing
the extracts of akermanite. Statistically significant difference P <
*
**
0.05 , 0.01 . (GM：growth medium，Numbers 1/32, 1/64, 1/128,
1/256 represent the dilution of akermanite extracts with growth
medium;).
3.6. Ionic concentration
The concentrations of Ca, Mg, P and Si ions in media with and
without akermanite extracts are shown in Table 2. It is interesting
to see that, the Ca, Mg, P ions in both normal growth medium and
the medium containing akermanite extracts are in the same
concentration range, and only the concentration of silicon ions in
medium containing akermanite extracts is significantly higher than
the normal growth medium.
Table 2：
： Ion concentration of ceramic extracts diluted with control
media.
Ca (μg/ml)

Mg (μg/ml)

P (μg/ml)

Si (μg/ml)

DMEM 50.232±0.06 13.635±0.02 19.550±0.04 0.013±0.00
a
1/32
49.014±0.21 13.738±0.12 19.044±0.09 2.425±0.19
a

1/64

49.623±0.26 13.686±0.15 19.297±0.13 1.219±0.16

1/128

49.927±0.18 13.660±0.23 19.424±0.15 0.616±0.08

a

1/256

50.080±0.23 13.648±0.18 19.487±0.13 0.314±0.06

a

Numbers 1/32, 1/64, 1/128, 1/256 represent the dilution of
akermanite extracts with DMEM.

a

Indicates that the silicon ion concentration in the samples is
significantly higher than those in control medium (DMEM) (p <
0.01).

4. Discussion
Seed cells are critical part of the tissue engineering technique, and
stem cells are very important source of seed cells with great
potential applications. Early studies have shown that adult stem
cells such as bone marrow stem cells and adipose stem cells can be
used for bone tissue engineering application.44-47 Induced
pluripotent stem cells (iPSCs), as one of the most important
discovery of the field, have drawn more and more attention due to
31,32,33
its potential applications in regenerative medicine.
Recent
studies have shown that iPSCs can be induced to differentiate into
different cell types including osteoblasts, chondrocytes and neural
cells. 32,48,49 Biomaterials, as a carrier of the seed cells in the bone
tissue engineering, also play the vital role in regulating the growth
and differentiation of stem cells. Our previously studies have
revealed that chemical signals such as defined concentration of
calcium and silicon ions released from the silicate bioceramics can
induce proliferation and osteogenic differentiation of some stem
cells such as human urine-derived stem cells, bone marrow
mesenchymal stem cells, adipose-derived stem cells, dental pulp
stem cell and periodontal ligament stem cells.17,22,24,50,51 Moreover,
the calcium silicate cement has been found with bacteriostatic
activity while inducing differentiation of stem cell in vitro.52
However, the effect of biomaterials on osteogenic differentiation of
iPSCs has not been reported. Therefore, it is important to proof if
the chemical cue of the silicate bioceramics also affect iPSCs
differentiation, which may lead to the design of optimal
biomaterials for iPSCs based bone tissue engineering approaches.
Now, in our present study, we demonstrated that the ions released
from silicate bioceramics, akermanite, indeed induced the
osteogenic differentiation of iPSCs and this stimulatory effect is
more obvious in differentiation stages of iPSCs culture.
It is observed, that no obvious difference of cell morphology
and expression of iPSC markers was shown between iPSCs cultured
in medium containing silicate bioceramic ions and cells in medium
without ceramic extracts, which indicates that the silicate
bioceramic ions has no cytotoxicity, but also no stimulatory effect
on osteogenic differentiation of iPSCs. However, if the iPSC cells
were induced to EB first, and then cultured in medium containing
silicate bioceramic ions, stimulation of osteogenetic differentiation
of the cells were clearly evident. It is interesting to see, under the
condition of normal osteogenic induction where the hEB cells were
grown in osteogenetic culture medium containing silicate
bioceramic ions, the osteogenic differentiation of the cells was
significantly enhanced as compared to the cells cultured in normal
osteogenetic culture medium without the silicate ions. In particular,
the expression of various osteogenic genes, including BMP2, COL1,
OCN and RUNX2 were enhanced. More interestingly, when the hEB
cells were cultured in normal growth medium, the cells did not
express osteogenic marker genes as expected. However, when cells
cultured in normal growth medium containing silicate bioceramic
ions, some of the osteogenic marker genes were expressed. At the
early time of the culture (14 days) BMP2 expression was stimulated,
and with the increase of the culture time (21 days), expression of
some other osteogenic genes such as ALP, COL1 and OCN were also
increased, indicating a time dependent stimulation of the bioactive
ions. Furthermore, it is found that the RUNX2 expression was not
stimulated after 21 days. Since RUNX2 is one of the downstream
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genes of BMP pathway, it is possible that a longer stimulation by
bioactive ions may be required for stimulation of all osteogenic
genes. It also suggests that the bioactive effect of silicate
bioceramics chemical factor for osteogenetic differentiation is a
relatively slow process.
The stimulatory effect of akermanite bioceramics on cells
closely related with the chemical composition and concentration of
the ions released from the akermanite ceramics. Our previous
studies have shown that the effective ion concentration of Si ions
from silicate based bioceramics for stimulation of osteogenic
differentiation of adult stem cells such as bone marrow
mesenchymal stem cells and adipose stem cells were 1/64-1/256,
15,22
and 1/4. 24 In our experiments, we found that the concentration
dilution range from 1/32 to 1/256 of the akermanite extracts not
only has no cytotoxicity, but also showed stimulatory effect on
osteogenic differentiation of iPSCs/EB cells, especially the 1/128
dilution of the extracts revealed the most effective stimulation,
which is comparable with the condition for stimulation of adult
stem cells. Considering the role of different ions for the stimulatory
activity, we found that, comparing the component and
concentration of growth medium containing akermanite extracts
with the normal growth medium, calcium, magnesium, silicon,
phosphorus are all in same concentration range, and only silicon is
significantly higher than the control medium. This data suggests
that silicon ions play the key role in the stimulation of osteogenic
differentiation of iPSCs/EB cells. With other words, it is important to
consider the control of Si ion release in the same concentration
range for designing biomaterial scaffolds as iPSCs carrier, and
silicate based biomaterials may be used for bone tissue engineering
using iPSCs as seed cells, although in vivo studies are required in the
future to confirm the effectiveness of the silicate bioceramics
combining iPSCs for bone tissue engineering.
5. Conclusion
In summary, in the present work, we demonstrated for the first
time that silicate based biomaterials such as akermanite
bioceramics are able to affect osteogenic differentiation of EB cells
derived from iPSCs. The iPSCs at undifferentiated stage will not be
affected by ions released by akermanite. However, when iPSCs
were induced to EB cells, ion extracts of akermanite can enhance
osteogenic differentiation, and even without osteogenic agent such
as dexamethasone, akermanite extracts still showed the ability to
stimulate osteogenic differentiation of EB cells, although the
stimulation is low. Furthermore, comparing the ion concentration
of the culture medium suggests that the Si ions are key factor for
this stimulatory activity of the akermanite bioceramics. Our work
suggest that silicate based biomaterials with the ability to
controlled release Si ions may be used as iPSCs carrier for bone
tissue engineering applications.
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We report stimulation of osteogenic differentiation of embryoid body (EB) that
divided from human induced pluripotent stem cells (iPSCs) by akermanite
bioceramics.
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