
Abstract. – OBJECTIVE: Induced pluripotent
stem cells (iPSCs) have emerged as a promis-
ing tool for treating incurable diseases. The cur-
rent challenges are to avoid potential xenopath-
ogenic transmission and immune rejection po-
tentially caused by exposure of iPSCs to ani-
mal-derived products. In addition, an efficient
feeder cell-free culture condition will be re-
quired for minimizing batch-to-batch variation
and facilitating scale-up. Therefore, establish-
ing an efficient extracellular matrix (ECM) cul-
ture system is considered as a prerequisite for
the future clinical application of iPSC-based cell
therapies. In this study, we evaluated the feasi-
bility of culturing iPSCs in ECM derived from
human dental pulp cells (hDPC).

MATERIALS AND METHODS: iPSCs growing
in Matrigel were transferred to ECM or Matrigel
and cultured in mTeSRTM1 medium.

RESULTS: The number of adherent cells in the
ECM group was higher than that in the Matrigel
group after incubation for 8, 12, and 24 h, indicating
that the ECM could enhance cell adherence. The
adhesion of cells to ECM not only depends on sim-
ple physical attachment with ECM, but also mediat-
ed by fibronectin in the ECM. The hDPC-iPSCs
showed orderly growth in the ECM, suggesting that
the ECM could promote the growth and prolifera-
tion of hDPC-iPSCs. We also observed that stem
cells growed along to avoid contact inhibition.

CONCLUSIONS: The iPSCs maintained undiffer-
entiated state when cultured in ECM when the iP-
SCs and ECM are of the same cell origin. ECM and
mTeSRTM1, can both be used as new culture
medium for iPSCs that facilitates the clinical appli-
cation of iPSC-based cell therapies in the future.
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Introduction

The generation of human induced pluripotent
stem cells (iPSCs) provided fascinating tools for
study in human development and genetic dis-
eases1,2, and iPSC could be utilized for toxicolog-
ical and pharmaceutical applications as well as in
vitro disease modeling3,4. iPSC technology repro-
grams somatic cells into pluripotent stem cells2,
during which mature somatic cells are dediffer-
entiated by introducing a number of genes to al-
low embryonic stem cell properties and conver-
sion to induced pluripotent stem cells1,5. Direct
reprogramming of somatic cells into a pluripo-
tent state has been reported by Takahashi and Ya-
manaka5 in 2006 when adult mouse fibroblasts
was successfully converted to iPSCs through ec-
topic expression of a selected group of transcrip-
tion factors. Such technique and direct repro-
gramming has seen continuously optimization by
subsequent studies6-9 with both mouse and hu-
man somatic cells. More recently, Hossein Ba-
harvand et al10 showed that that by supplement-
ing ROCK inhibitor in extracellular matrix
(ECM) medium the plating efficiency of human
embryonic can be further increased as well as the
pluripotent stem cells induced during passaging
of clusters. 

The iPSC technology was also implicated in
the area of stomatology. iPSCs generated from
dental pulp somatic cells have similar properties
with embryonic stem cells (ES), which require
special feeder cells for growth in culture11. In
comparison to feeder-dependent culture, feeder-
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free culture for iPSCs is simpler, faster and less
expensive. However, most feeder-free systems
face problem with unstable cell growth high
prone to differentiation. 

In this study, dental pulp somatic cell-derived
iPSCs were seeded in dental pulp cell-derived
ECM and the cell growth was analyzed to sup-
port such ECM as an ideal feeder-free culture
medium for dental pulp somatic cell-derived iP-
SCs.

Materials and Methods

Materials and Reagents
All procedures have been approved by the

Ethics Committee of the Guanghua School of
Stomatology, Sun Yat-Sen University, and in-
formed consent was obtained before any proce-
dure was practiced. Dental pulp was collected
from four wisdom teeth removed from a healthy
young male to achieve primary dental pulp cells
so as to be reprogrammed into IPS cells. Dental
pulp cell-derived ECM was prepared with the
help of Dr. Fan He at the School of Engineering
at Sun Yat-sen University. 

The following reagents were used: mTeSRTM1
medium (StemCell, Vancouver, Canada), Ma-
trigel (BD Biosciences, San Jose, CA, USA),
high-glucose DMEM, DMEM/F12, knock-out
serum replacement (KSR), non-essential amino
acid solution, l-glutamine, 2-2-mercaptoethanol,
penicillin-streptomycin, trypsin, collagenase IV,
Opti-MEM medium (Invitrogen Corporation,
Carlsbad, CA, USA), FBS (Gibco, Grand Island,
NY, USA), and bFGF (Gibco, Grand Island, NY,
USA). Fu-GENE HD (Roche, Basel, Switzer-
land) was used for transfection. The Reverse
Transcription System kit, dNTPs, and Taq DNA
polymerase (TaKaRa, Dalian, China) were used
for q-PCR. An alkaline phosphatase (AP) detec-
tion kit (Millipore, Bedford, MA, USA) was
used for immunohistochemistry. The following
primary antibodies were used: anti-Oct4, anti-
Sox2, anti-Nanog, anti-SSAE-4, anti-TRA-1-60,
and anti-TRA-1-81d (Abcam, Cambridge, UK).
The following secondary antibodies were used:
Alexa FluorR 555R goat anti-rabbit IgG, Alexa
FluorR555 goat anti-mouse IgG, and Alexa Flu-
orR555 goat anti-mouse IgM (Invitrogen Corpo-
ration, Carlsbad, CA, USA). 1,6-Hexamethylene
diamine (Ribobio, Guangzhou, China) was used
for amidolysis. Triton X (Invitrogen Corpora-
tion, Carlsbad, CA, USA) was used for removal

of dental pulp cells to provide access to the
ECM. PBS was prepared by the Guanghua
School of Stomatology, Sun Yat-Sen University.
Total RNA was amplified, labeled and purified
by using the GeneChip 3’IVT Express Kit
(Cat#901229, Affymetrix, Santa Clara, CA,
USA); array hybridization and washes were per-
formed using the GeneChip® Hybridization,
Wash and Stain Kit (Cat#900720, Affymetrix) in
a Hybridization Oven 645 (Cat#00-0331-220V,
Affymetrix) and Fluidics Station 450 (Cat#00-
0079, Affymetrix). Slides were scanned by
GeneChip® Scanner 3000 (Cat#00-00212,
Affymetrix) using Command Console Software
3.1 (Affymetrix) with the default settings. 

Methods

Construction of ECM Derived from
Human Dental Pulp Cells

Human dental pulp cells (hDPC) were isolated
and cultured. In order to obtain ECM, amidolysis
of tissue cell pellets (TCPs) was treated with
10% 1,6-hexamethylene diamine, followed by
construction of ECM derived from human dental
pulp using ascorbic acid (200 µg/ml). 0.5% Tri-
ton X-100 and 20 mM ammonia was used to re-
move the dental pulp to obtain ECM. The result-
ing ECM was analyzed by immunofluorescence
microscopy.

iPSC Culture
DPC-iPSCs (control cells) were seeded in Ma-

trigel-coated six-well plates, cultured in mTeS-
RTM1 and passaged. The experimental group, i.e.
the DPC-iPSCs, were seeded in dental pulp cell-
derived ECM-coated six-well plates, cultured in
mTeSRTM1 and passaged. Both the growth of
control cells and DPC-iPSCs were monitored and
pluripotency evaluated. 

Identification of Pluripotent Stem Cells
Cell morphology, intracellular structure and

nuclear/cytoplasmic ratio were observed by opti-
cal microscopy. Parameters of differentiation
were examined. Alkaline Phosphatatase (AP)
staining was performed according to manufactur-
er’s protocols. Immunocytochemistry was used
to detect markers of pluripotency in Hdpc-iPSCs.
Hdpc-iPSCs were seeded in 12-well plates. Im-
munofluorescence staining was used to detect the
expression of Oct4, SSAE-1, SSAE-4, TRA-1-60,
and TRA-1-81. Total RNA was extracted from
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Gene Primer sequence (5′–3′) Product size (bp)

GAPDH Forward: ACCCACTCCTCCACCTTTG
Reverse: CTCTTGTGCTCTTGCTGGG 178

POU5F1 Forward: CTTGAATCCCGAATGGAAAGGG 164
Reverse: GTGTATATCCCAGGGTGATCCTC

SOX2 Forward: CCCAGCAGACTTCACATGT 151
Reverse: CCTCCCATTTCCCTCGTTTT

NANOG Forward: TGAACCTCAGCTACAAACAG 154
Reverse: TGGTGGTAGGAAGAGTAAAG

ZFP42 Forward: TCGCTGAGCTGAAACAAATG 170
Reverse: CCCTTCTTGAAGGTTTACAC

MYC Forward: GTCAAGAGGCGAACACACAAC 161
Reverse: TTGGACGGACAGGATGTATGC

KLF4 Forward: CGGACATCAACGACGTGAG 139

Table I. Oligonucleotide primers used in qPCR.

Karyotype analysis of logarithmic-phase iPSCs was performed at the Institute of Genetics at Sun Yat-Sen University using
standard procedures and chromosomal analysis using G-banding revealed the karyotype of hDPC-iPSCs.
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and cultured for 12 days before cell differentia-
tion analysis. Expression of germinal layer mark-
er genes was examined by immunofluorescence.
The differentiation potential of hDPC-iPSCs was
examined after culture in ECM and transplanta-
tion (6 × 106) into four severe combined immun-
odeficiency (SCID) mice. 

Results

Construction of ECM Derived from 
Human Dental Pulp Cells

Optical microscopy showed spindle-shaped P3
human dental pulp cells of similar morphology
with fibroblast cells. Cells arranged in order were
aligened along a clear direction and confluent
cells showed a swirling and radial pattern. After
acellularization, inverted microscope was used to
observe the ECM and no complete outline of
cells and nuclei was observed this time, but a
grid of intact ECM with a wire mesh structure in-
stead (Figure 1a, 1b).

Electron microscope results showed that the
human dental pulp cell ECM was mainly a
coarse mesh of collagen. A three-dimensional
structure formed by fibers of different thickness
was observed at high magnification (Figure 1c).

After acellular treatment, immunofluorescence
observation showed no evident damage to type I
collagen, type III collagen or protein fiber pulp
in ECM, all three remained orderly arrangement
in the swirling, radial mesh (Figure 1d-f).

Hdpc-iPSCs to detect the expression of hDPC-
iPSC-related genes with q-PCR. The primers
used for amplification are listed in Table I.

Karyotype analysis of logarithmic-phase iP-
SCs was performed at the Institute of Genetics at
Sun Yat-Sen University using standard proce-
dures and chromosomal analysis using G-band-
ing revealed the karyotype of hDPC-iPSCs.

DNA microarray analysis for hDPC-iPSCs
during the logarithmic growth phase was per-
formed according to standard methods. For RNA
amplification and labeling, total RNA was ampli-
fied, labeled and purified by the GeneChip 3’IVT
Express Kit to obtain biotin labeled cRNA. Array
hybridization and washing were performed using
the GeneChip® Hybridization, Wash and Stain
Kit in the Hybridization Oven 645 and Fluidics
Station 450. Data acquisition slides were scanned
using the GeneChip® Scanner 3000 and Com-
mand Console Software 3.1 (Affymetrix, Santa
Clara, CA, USA) with default settings. Raw data
were normalized with the MAS 5.0 algorithm in
Gene Spring Software 11.0 (Agilent Technolo-
gies, Santa Clara, CA, USA).

The formation of embryoid bodies (EBs) was
assessed as follows: Vigorously growing (fifth
day of P3) hDPC-iPSCs were collected and di-
gested with type IV collagenase and then lightly
precipitated before seeding in six-well plates and
suspension culture in human embryonic stem cell
(hES) culture medium without basic fibroblast
growth factor (bFGF). After 7 days, EBs were
transferred to dishes coated with 0.1% gelatin



Figure 1. ECM structure and cell morphology. (a, b) DPCs and ECM were observed with optical inverted microscope (mag-
nification 100 ×). The scale bar represents 200 µm. (c) ECM was scanned using electron microscope (magnification 5000 ×).
The scale bar represents 30 µm. (d, e, f) Type I collagen, type III collagen and protein fiber expressed in ECM after immuno-
cytochemistry treatment (magnification 100 ×). The scale bar represents 100 µm (g, f). 
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and after five passages the morphology was re-
sembled to that of cells grown in Matrigel (Fig-
ure 1g, 1h).

Cell Identification
After passaging, hDPC-iPSCs cultured in Ma-

trigel or human dental pulp cell-derived ECM
maintained an ES-like clonal and undifferentiat-

Cell Morphology
Normally adherent hDPC-iPSCs grow in Ma-

trigel and in human dental pulp cell-derived
ECM with mTeSRTM1 medium. Microscopic
analysis showed that first two passages of cells
grown on human dental pulp cell-derived ECM
were of round shape with a spheroid morpholo-
gy. Cells turned flattened with further passage
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Figure 2. Identification of iPSCs with AKP, q-PCR, Immunocytochemistry and bisulfite sequencing analysis. (a, b) The
clones were AP-positive and stained purple, whereas Matrigel and ECM showed no staining. (c-j) hDPC-iPSCs cultured in
Matrigel or human dental pulp cell-derived ECM expressed markers characteristic of hES pluripotency. (k) q-PCR from DPC-
IPSCs cultured both in matrigel and ECM for markers: Nanog, Sox2, POU5F, Klf4, ZFP42, MYC. Bar represents mean ± SD,
*p > 0.05. (l) Bisulfite sequencing analysis of the Nanog and Oct4 promoters revealed almost complete epigenetic reprogram-
ming. The percentages of CpG methylation (%ME) are shown.
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Nanog, Sox2, POU5F, Klf4, ZFP42, and MYC.
These findings show that there were no signifi-
cant difference in the expression of key genes be-
tween hDPC-iPSCs cultured in ECM and those
cultured in Matrigel (p > 0.05; Figure 2k). Bisul-
fite sequencing analysis of the Nanog and Oct4
promoters revealed almost complete epigenetic
reprogramming. The percentages of CpG methy-
lation (%ME) are shown in Figure 2l and 2m.
Karyotyping of hDPC-iPSCs in addition to chro-

ed state. The clones were AP-positive and stained
purple, indicating high alkaline phosphatase ac-
tivity, compared with no staining in Matrigel and
ECM (Figure 2a, 2b).

Immunocytochemistry indicated that hDPC-
iPSCs cultured in Matrigel or human dental pulp
cell-derived ECM expressed characteristic mark-
ers of hES pluripotency, including Oct4, SOX2,
TRA-1-60, and TRA-1-81, but not SSAE-1 (Fig-
ure 2c-2j). q-PCR showed that iPSCs expressed
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Discussion

iPSCs was considered more suitable for future
clinical use compared with ES cells due to the
absence of immune rejection and lack of ethical
concerns. In 2007, Yamanaka and Thomson pro-
vided a new direction for stem cell research and
regenerative medicine by reprogramming human
skin fibroblasts into iPSCs12-15. iPSCs shared
similar properties with ES cells that feeder cells
are needed for culture during reprogramming and
passaging. iPSC culture is typically performed as
described by Thomson and Odorico16 and Xu et
al17 with mouse embryo fibroblast cells (MEF) as
feeder cells to obtain stable iPSCs; however, the
clinical utility of iPSCs was limited by use of
feeder layer and animal-derived ingredients.

Feeder-free culture systems are modified
based on the Thomson and Odorico system18,19.
Due to specific expression of genes and mem-
brane proteins, ES and iPS cells cannot grow in
adherent culture as somatic cells do. Matrigel is a
soluble basement membrane matrix composed of
laminin, collagen IV, FGF, tissue plasminogen
activator and other factors. At room temperature,
Matrigel aggregates and becomes bioactive and
can serve the act basement membranes of mam-
malian cells by resembling endogenous environ-
ment and improving the adherent growth of iP-
SCs20. However, cells growing in Matrigel are
unstable and prone to differentiate, which may be
attributed to the microenvironment of the 2D cul-
ture system.

The microenvironment in this case refers to
the space and interrelationships on which the
cells rely for survival. It contains extracellular
matrix components and certain cell-derived
bioactive molecules and provides support, con-
nections, nutrients and protection, which is criti-
cal for cell proliferation, differentiation and mi-
gration, especially for stem cell attachment, sur-
vival, migration, proliferation, differentiation and
matrix remodeling. Stem cells are usually affect-
ed by specific microenvironment in which the
migration, self-renewal and committed differenti-
ation are mediated by complex extracellular
stress and chemical signals. Cell-derived decellu-
larized ECM has been used to study the interac-
tion between cells and ECM. In 2001 Cukierman
et al21 first proposed the use of fibroblast-secret-
ed ECM, which combines the matrix components
such as type I and type III collagen, fibronectin,
laminin, elastin and large proteoglycans, as well
as the 3D structure and flexibility observed in the

mosomal analysis using G-banding revealed a
normal karyotype for the hDPC-iPSCs cells from
the donor. Karyotypes of iPSCs from both cul-
ture conditions were identical to those of the pulp
cells (Figure 3a, 3b).

For identification of iPSCs by gene expression
profiling, we used iPSCs cultured in Matrigel as
positive control and iPSCs cultured in ECM as
the experimental group. Expression of the U133
gene was evaluated using the Affymetrix mi-
croarray platform to analyze the expression of
the iPS genome and the expression of genes of
the three germ layers was compared. DNA mi-
croarray analysis showed no significant differ-
ences in the expression of key genes, indicated
by the thermal map and scatter diagram for hD-
PC-iPSCs cultured in both ECM and Matrigel (p
> 0.05; Figure 3c, 3d).

hDPC-iPSCs cultured in Matrigel or human
dental pulp cell-derived ECM both differentiated
into cystic EBs in vitro (Figure 4a, b). The EBs
exhibited adherent growth and differentiated into
the three germinal layers, i.e., the endoderm,
mesoderm, and ectoderm, as indicated by specif-
ic labeling for α-SMA, AlB, β-tubulin, GFAP
(Figure 4c-4j).

Differentiation of Matrigel-cultivated hDPC-
iPSCs was examined during 2 weeks since trans-
plantation into the backs of four SCID mice and
tumor formation was observed in all animals. By
the 4th week, the size of tumors was approximate-
ly 1.5 × 1.5 × 1.2 cm3; and the animals were sac-
rificed to collect tumors were collected. The
sampled tissues were sectioned for HE staining
and it was found that tissue was originated from
three germinal layers, including keratinized squa-
mous epithelium and neural tissue from the ecto-
derm, muscle tissue and fat cells from the meso-
derm, and intestinal epithelium from the endo-
derm, which indicated teratoma formation. 

The differentiation capacity of hDPC-iPSCs
cultured in human dental pulp cell-derived ECM
was examined after transplantation into the backs
of SCID mice; five mice exhibited tumor forma-
tion. The tumors grew to a size of 2.0 × 2.0 × 1.
× 5 cm3 after 4 weeks before the animals were
sacrificed. The tumors were collected and sec-
tioned for HE staining. Tissues originating from
three germinal layers were observed, including
keratinized squamous epithelium, neural tissue
(ectoderm), muscle tissue, fat cells (mesoderm)
and intestinal epithelium (endoderm), which in-
dicated teratoma formation. One mouse survived
without tumor formation (Figure 4k-4m).

4040



Figure 3. Identification of iPSCs by chromosomal analysis and DNA microarray analysis. (a, b) Karyotyping result of dental
pulp-induced pluripotent stem (DPC-iPS) cells and chromosomal analysis using G-banding. (c, d) The expression of the U133
gene was evaluated using the Affymetrix microarray platform to analyze the expression of the iPS genome, and the primary
genes of the three germ layers were compared (p > 0.05).
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Figure 4. Identification of iPSCs by in vitro and in vivo differentiation. (a-j) hDPC-iPSCs cultured in Matrigel or human dental
pulp cell-derived ECM differentiated into cystic EBs in vitro. EBs exhibited adherent growth and differentiated into three germi-
nal layers (endoderm, mesoderm and ectoderm) as indicated by specific labeling with SMA, AlB, β-tubulin and GFAP, respec-
tively. (k) hDPC-iPSCs cultured in Matrigel or human dental pulp cell-derived ECM differentiated into teratoma formation in
vivo. (l, m) HE staining showed that the three germ layers of the organization contained squamous epithelial, neural tissue ker-
atosis (ectoderm), muscle, fat cells (mesoderm), and intestinal gland epithelial (endoderm) tissues (magnification 100 ×).



in vivo microenvironment, in studying the inter-
action between cells and the matrix. The acellu-
lar matrix that remains after decellularization
provides adequate space for the growth of MSCs.
Similar to the in vivo reaction, fibroblasts in the
3D ECM microenvironment rapidly synthesize
integrin α5β1 and αVβ3, which enhance the con-
tact with the ECM, making the attachment
process faster than in a 2D culture environment
or Matrigel.

Cell-secreted ECM can rebuild and mimic the
internal microenvironment, regulate stem cell be-
havior and influence the self-renewal and differ-
entiation potential of stem cells. Chen et al22 pre-
pared ECM from mouse bone marrow cells for in
vitro culture and found that bone marrow-derived
ECM improved proliferation of bone marrow
MSCs and osteogenic differentiation. Hoshiba et
al23 induced human bone marrow MSCs to se-
crete ECM with bone marrow- or adipose tissue-
specific properties to regulate stem cell differen-
tiation. Pei et al24 prepared human bone marrow
cell-derived decellularized ECM, which was
used for in vitro culture of bone marrow MSCs
and found to promote proliferation and os-
teogenic differentiation, which supported that
ECM can be used for large-scale MSC culture
and maintaining stem cell properties. li et al25

found that ECM derived from human fetal syn-
ovium-derived stem cells (hfSDSCs) in hypoxic
culture improved cell expansion and cartilage
differentiation. It was also reported by He et al26

that the expansion of synovium stem cells and
cartilage differentiation can be improved when
synovium stem cell-derived ECM was used for
culture. Kim et al27-29 showed that ECM culture
systems may facilitate future clinical application
of pluripotent stem cell-based therapies. Previous
studies by Hoshiba et al23,30-41 resulted that a ma-
trix mimicking that of osteoblasts affected the
differentiation of mesenchymal stem cells into
osteoblasts, and ECM facilitates mesenchymal
stem cell culture and amplification, the effect of
which on cell function was cell source-depen-
dent; moreover, the culture of mesenchymal stem
cells by such ECM promoted their differentiation
into chondrocytes.

As shown above, increasing evidences suggest
that ECM mimics the in vivo microenvironment
better than 2D culture systems and contains ma-
trix proteins such as fibrin, type I collagen and
laminin that allow stem cells to grow in a physio-
logically relevant environment by improving at-
tachment, proliferation and migration21,40,41. Pri-

mary cell-derived ECM not only provides 3D
structure but also contains complex components
that can influence signal transduction. Establish-
ment of a functional in vitro microenvironment
and recovery of the full potential of stem cells
are critical for developing therapeutic stem cell
applications and study of microenvironment-as-
sociated signal transduction.

ECM is used as a biomaterial scaffold for tis-
sue or organ regeneration after acellularization to
remove the cells and cell fragments completely,
thereby not only avoiding the host immune re-
sponse and minimizing adverse effects on tissue
and organ reconstruction, but also maintaining a
complete mesh and biological activity. Common-
ly used acellularization methods included (a)
physical methods, such as repeated freeze-thaw
cycling and pressure treatment; (b) treatment
with chemical reagents such as SDS, CHAPS or
Triton X-100; (c) enzymatic digestion, e.g., with
trypsin, neutral protease or nuclease42. The main
purpose of the physical methods is to destroy the
cell membrane for cell lysis; however, cell debris
cannot be separated from the cell extracellular
matrix. Thus, physical methods must be com-
bined with chemical reagents to remove cell de-
bris. The main function of the chemical reagents
is to destroy the connections between nucleic
acids, proteins and lipids, and to dissolve the cell
membrane. Biological enzymes are mainly used
to promote the separation of cell debris and ex-
tracellular matrix. At present, the method of
manufacturing ECM combines detergent and en-
zyme treatments are commonly used to remove
residual cell debris thoroughly. However, such
treatments may impact the three-dimensional
structure of the resulting matrix, which makes it
necessary to choose the acellularization method
based on the specific tissue and cell type. Our ex-
periment used dental pulp cells as biological ma-
terials, and chemical detergent (Triton X-100)
treatment combined with physical washing as
acellularization method to avoid enzymatic de-
struction of the ECM and to ensure the protein
content and integrity of the ECM. Triton X-100,
a type of non-ionic detergent that can destroy the
connections between proteins and lipids, lipids
and lipids, and nucleic acids and proteins, pro-
vides mild effect to remove cells from thin tissue
without breaking the protein-protein linkage. Use
of Triton X-100 is conducive for protecting the
structural integrity of the ECM considering the
delicate ECM network structure. Our experi-
ments showed that the reticular membrane in-
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tegrity of ECM was impact after acellularization
and there were no residual cell nuclei, based on
which we concluded that the applied method re-
moved the cell components satisfactorily to ob-
tain the ECM membrane. 

The main components of the ECM are colla-
gen and polysaccharides, and the quality of the
retained protein is an indicator for acellulariza-
tion. Dahms et al43 found that the main compo-
nents of the extracellular matrix were types I and
III collagen and elastin with acellularized rat, pig
and human bladders. After acellularization treat-
ment the soluble proteins and cellular compo-
nents in the tissue were removed, leaving insolu-
ble matrix with complete morphology, histology
and ultrastructure that contained collagen,
elastin, laminin protein, polysaccharides, and
glycosaminoglycans behind. In the present study,
immunofluorescence staining showed that extra-
cellular type I collagen, type III collagen and
elastin fibers were orderly arranged in a mesh
structure after decellularization.

We found that the number of adherent cells in
the ECM group higher than that grown in Ma-
trigel group after incubation for 8, 12, and 24 h,
which showed that the ECM could enhance cell
adherence. The combination of cells with ECM
requires both physical adhesion with ECM and
fibronectin to mediate rapid cell adhesion. The
hDPC-iPSCs appeared to show orderly growth in
the ECM, indicating that the ECM could promote
the growth and proliferation of hDPC-iPSCs. We
also noticed that stem cells grow along the ECM
track to avoid contact inhibition, which supports
previous findings on stem cell proliferation.

The ECM can reconstruct the microenviron-
ment in vitro and in vivo to regulate the behavior
of stem cells, thus affecting stem cell self-renew-
al and differentiation. For stem cells cultured in
vitro, ECM cells are seeded in a traditional cell
culture substrate to obtain adherent cells after ad-
dition of appropriate specific stimuli to induce
secretion of ECM, and ECM is then harvested
following acellularization treatment. In our
study, the iPSCs maintain their undifferentiated
state when cultured in ECM. Both the IPSCs and
ECM were derived from the same origin, which
has been proven suitable for iPSC culture.

Cell survival and development require three
basic elements: nutrition, energy and informa-
tion. Our experiment showed that iPSCs cannot
survive in synovium stem cell-derived ECM or
in human dental pulp cell-derived ECM with
KSR culture medium. 

Conclusions

We concluded that the specific microenviron-
ment of cell-derived ECM and culture media in-
fluenced the survival of different types of stem
cells. Moreover, different types of cell-derived
ECM provide 3D structure that has a complex
influence on cell signaling, which in turn affects
cell survival and development. 

A pluripotent stem cell culture system should
first provide permanent proliferation of undiffer-
entiated stem cells to ensure the desired cell
numbers as well as the cellular function. Select-
ing the optimal cell culture system for pluripo-
tent stem cells is therefore critical for stem cell
research and clinical applications. Knockout
serum replacement (KSR) medium is a serum re-
placement composed of bovine serum albumin,
transferrin, insulin and other components, how-
ever, was confirmed inappropriate for the growth
of pluripotent stem cells. mTeSRTM1, a complete,
chemically defined serum-free culture medium
based on DMEM/12F and supplemented with al-
bumin, vitamins, amino acids, trace elements,
lipids and certain specific factors such as zbFGF
and liCl, turned out to be a better choice for our
objective, by providing microenvironment appro-
priate for pluripotent cell growth combined with
human dental pulp cell-derived ECM. Our find-
ing may provide a foundation for a new iPSC
culture system.
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