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A B S T R A C T

The ability to obtain a large number of human pluripotent stem cells (hPSCs) under chemically defined con-
ditions plays a key role in clinical application of hPSCs. Chemically defined, economical and effective synthetic
peptide displaying surfaces should be the optimal choice for clinical applications involving hPSCs. However,
synthetic peptide displaying surfaces are worse than Matrigel surface in supporting cell adhesion and self-re-
newal. Moreover, the correlations between peptide amino acid sequences and the ability of peptides to support
cell survival has never been investigated in hPSCs. In this study, we focused on the Arg-Gly-Asp (RGD) sequence
and integrin receptors, which constitute the major recognition system for cell adhesion. Several new RGD-
containing peptides were designed by altering the amino acids surrounding the RGD sequence. We investigated
the ability of these peptides to sustain hPSC survival, and identified the Ac-KGGPQVTRGDTYRAY sequence,
which was capable of supporting cell reprogramming, long-term self-renewal and lineage differentiation. In
addition, this report demonstrates that the introduction of mutations in the amino acids surrounding the RGD
sequence is a good strategy to design peptides that display excellent adhesion properties and promote hPSC self-
renewal. Our results will help improve the current understanding of the mechanisms by which RGD-containing
peptides exhibit different abilities in sustaining hPSC culture, and will promote clinical application of both
peptide displaying surfaces and hPSCs.

1. Introduction

Human pluripotent stem cells (hPSCs), including human embryonic
stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs),
have remarkable abilities for both self-renewal and differentiation into
any specialized human cell type and thus exhibit great potential for a
wide range of applications in regenerative medicine [1,2]. Originally,
hPSCs were cultured on feeder cell layers or on Matrigel in conditioned
medium, which led to problems associated with immunogenicity, an-
imal pathogens, lack of chemical definition and batch-to-batch varia-
bility [3–11]. Several chemically defined and xeno-free media have

been designed to support cell self-renewal [12–16]. Moreover, many
chemically defined surfaces, such as protein, protein fragment and
synthetic surfaces, have been reported in recent years to support cell
culture [11,13,17–34]. However, Matrigel is still the most commonly
used culture substrate in most laboratories, indicating that much effort
is still needed to develop economical, scalable and effective synthetic
surfaces for both fundamental research and cell therapy.

Biological materials are expensive to manufacture and have batch-
to-batch variability, which makes them unsuitable for large-scale cul-
tivation of hPSCs. Thus, economic synthetic surfaces, especially most
reported peptide displaying surfaces, should be the optimal choice for
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large-scale cell proliferation under defined conditions
[27,28,32,35,36]. However, although several types of peptides are de-
scribed in the literature for cell cultivation, drawbacks and limitations
have been reported in both fundamental research and clinical appli-
cations [37]. First, most reported peptides display poor cell adhesion
capacity. Second, only a few types of peptides permit long-term self-
renewal of cells. Third, high seeding densities, dissociated as colony and
supplementation with the Rho-associated protein_kinase (ROCK) in-
hibitor Y-27632 are needed to achieve good cell adhesion and self-re-
newal on peptide displaying surfaces. Finally, in general, the amino
acid sequences of these adhesive peptides were derived from the active
domains of extracellular matrix proteins, and the correlations between
amino acid sequences and the ability of peptides to support cell survival
have never been investigated in hPSCs. Therefore, much effort is still
needed to develop novel peptide sequences for culturing of cells under
defined conditions.

We speculated that the correlation between peptide amino acid
sequences and support of hPSC survival could be very important in
designing synthetic bioactive peptides for hPSC culture. In the litera-
ture, synthetic surface presented peptides, such as
Ac-KGGPQVTRGDVFTMP, Ac-KGGNGEPRGDTYRAY and Ac-KGGAVT-
GRGDSPASS, have been reported to support hPSC adhesion [27]. No-
tably, although the compositions of these peptides were quite similar,
their performance in supporting cell adhesion and self-renewal differed.
All these sequences harbour an Arg-Gly-Asp (RGD) sequence, which
directly binds with members of the integrin receptor family, con-
stituting a major recognition system for cell adhesion and integrin-
mediated cell migration, growth, differentiation, and apoptosis [38].
Moreover, it is well known that the sequences surrounding RGD have a
large influence on the bioactivity of peptides. Hence, in this report, 12
novel RGD containing peptides derived from the amino acid sequences
of these three adhesive peptides were designed and used for cell ad-
hesion and self-renewal assays. Our study provides critical insights into
the correlations between the amino acid sequence of RGD-containing
peptides and their ability to support hPSC survival, which has great
value for designing peptides with a good performance in large-scale cell
proliferation.

2. Experimental section

2.1. Survival and short-term self-renewal of hPSCs on peptide displaying
surfaces

Twelve types of RGD-containing peptides (Fig. 1) derived from the
amino acid sequence of vitronectin (VN), bone sialoprotein (BSP) and
long fibronectin (IFN) peptides were, respectively, grafted to surface of
polydopamine-carboxymethyl chitosan (PDA-CMC) modified culture

plates. hNF-C1 hiPSCs colonies were seeded onto these peptide dis-
playing surfaces at a splitting ratio of 1:3 in mTeSR1 medium without
supplementation with the ROCK inhibitor Y-27632, and Matrigel sur-
face was used as the control. After 24 h of culture, these surfaces were
observed using an inverted microscope (CKX41, Olympus, Japan).

Then, H1 hESC and hNF-C1 hiPSC colonies were separately seeded
onto peptide displaying surfaces at a splitting ratio of 1:3 in 12-well cell
culture plates. Matrigel surface was used as the control. Y-27632 at 5
μM (Sigma-Aldrich, USA) was added only during passaging, and the
medium was changed daily. The cell number at each 24 h interval for
96 h was determined using a cell counting kit-8 assay (CCK-8, Dojindo,
Japan) as described previously [36]. Three parallel wells were prepared
for each group, and every test was performed in triplicate. Moreover,
using the same passaging method, H1 hESCs and hNF-C1 hiPSCs were
consecutively cultured on peptide-displaying surfaces for 3 passages.
Cells were photographed with a phase contrast microscope equipped
with a CCD camera. The expression of pluripotency gene markers, such
as OCT-4, NANOG and SOX2, in cells was measured via quantitative
reverse-transcription PCR (RT-PCR) at the end of each passage.

2.2. Detailed cell adhesion assays on surface displaying Ac-
KGGPQVTRGDTYRAY

The newly designed peptide with the sequence
Ac-KGGPQVTRGDTYRAY that permitted short-term hPSC self-renewal
was denoted as VB peptide. The cell adhesion of H1 hESC and hNF-
C1 hiPSC on surfaces displaying VN or VB peptide was analyzed. First,
to investigate the hPSC adhesion and migration on VN or VB peptide
displaying surfaces, H1 hESCs were seeded as single cells and photo-
graphed after adhesion for various lengths of times (1 h, 4 h, 8 h, 12 h
and 24 h). Second, PDA-CMC surfaces in 12-well plates were grafted
with VN or VB peptide at different concentrations (0.125mM, 0.25mM,
0.5 mM, 0.75mM and 1mM), and the number of H1 hESC and hNF-
C1 hiPSC colonies after 24 h of culture on these peptide displaying
surfaces was measured. Third, H1 hESC and hNF-C1 hiPSC colonies at
densities of 6250 cell cm−2, 12,500 cell cm−2, 25,000 cell cm−2,
50,000 cell cm−2 and 100,000 cell cm−2 were seeded onto surfaces
displaying VN or VB peptide, and cell numbers were measured after
culture for 24 h. Fourth, H1 hESCs and hNF-C1 hiPSCs dissociated as
single cells or colonies were respectively seeded onto VN or VB peptide
displaying surfaces, and the cell number after 4 days of culture was
measured. Finally, colonies of H1 hESCs and hNF-C1 hiPSCs were
seeded onto surfaces displaying VN or VB peptide, and the cell number
was measured at each 24 h interval for 96 h.

In all studies, unless otherwise specified, peptide concentrations
were 1mM, hPSCs were seeded at a density of 25,000 cells cm−2, cells
were cultured in mTeSR1 medium and fed daily, the ROCK inhibitor Y-

Fig. 1. Schematic representations of the designed peptides. Twelve new RGD-containing peptides were designed based on the known peptides of vitronectin (VN),
bone sialoprotein (BSP) and long fibronectin (IFN), which allow survival of hPSCs. The symbol “×” indicates that peptides do not support hPSCadhesion, “√”
indicates that peptides allow hPSC survival, and “√√”indicates that peptides display an ability to support hPSC survival similar to that of the Matrigel control.
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27632 was added at a final concentration of 5 μM only during passa-
ging, and the cell number of hPSCs was determined using a cell
counting kit-8 assay.

2.3. Long-term self-renewal of multiple hPSCs on VB peptide displaying
surface

For each passage of more than 20 passages, when cell colonies had

grown to confluence, hESCs (H1 and H9) and hiPSCs (hNF-C1, UMC-C1
and ipsN004) were transferred onto new VB peptide displaying surface
as colonies at a splitting ratio of 1:3 in mTeSR1 medium containing
5 μMY-27632. Y-27632 was applied only during passaging, and the
cells were fed every day. Microscopic examination of cell and colony
morphology was performed daily. Differentiated cells were marked and
removed mechanically with a negative pressure aspirator (YX932D,
China). Besides, all hPSC lines at each of the passage for over 20

Fig. 2. Proliferation and short term self-renewal of hPSCs on peptide displaying surfaces. (a) H1 hESCs and hNF-C1 hiPSCs were seeded as colonies on surfaces
displaying the indicated peptides in 12-well plates with Matrigel surface served as the control. The number of H1 hESC and hNF-C1 hiPSC was measured at each 24 h
interval for 96 h. (b) Relative gene expression levels of OCT-4, SOX2 and NANOG in H1 hESCs and hNF-C1 hiPSCs cultured on surfaces displaying the indicated
peptides were measured by RT-PCR at the end of each passage for 3 passages. The expression levels of these genes in hPSCs cultured on Matrigel surface were
standardized to 1; * represents p < 0.05 compared with cells on VN peptide displaying surface; n= 3.
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passages were maintained in frozen stock solution containing 90%
mTeSR1 medium and 10% dimethylsulfoxide (DMSO; AMRESCO, USA),
and stored in liquid nitrogen for future use.

Cell doubling times of H1 hESCs and hNF-C1 hiPSCs on VB peptide
displaying surface over ten passages were measured using the same
method reported recently for VN peptide displaying surface and
Matrigel surface [36]. The expression of the intracellular pluripotent
marker OCT-4 in H1 hESCs and hNF-C1 hiPSCs cultured on VB peptide
displaying surface was also detected at the end of each of ten passage
using flow cytometry.

2.4. Identification of pluripotency

As provided in the Supporting information, for hPSCs cultured on
peptide displaying surfaces, the expression of pluripotency genes, such
as OCT-4, NANOG and SOX-2, was detected via reverse-transcription
PCR (RT-PCR), and the expression of the pluripotency proteins OCT-4,
SSEA-3 and TRA-1 60 was measured via fluorescence-activated cell
sorting (FACS) and immunofluorescence. hPSC samples were trans-
ferred back onto the Matrigel surface for analysis of karyotype, em-
bryoid body formation and teratoma formation.

Fig. 3. Survival of hPSCs on Ac-KGGPQVTRGDTYRAY (VB) or VN peptide displaying surfaces. (a) Phase-contrast images of single H1 hESCs cultured on peptide
displaying surfaces at different time points (1 h, 4 h, 8 h, 12 h and 24 h). Scale bars, 100 μm. (b) PDA-CMC modified 12-well plates were grafted with VN or VB
peptide at the indicated concentrations. H1 hESCs and hNF-C1 hiPSCs were seeded on those plates as colonies at a density of 25,000 cell cm−2. Cell numbers were
measured after 24 h of culture. (c) Colonies of H1 hESCs and hNF-C1 hiPSCs were seeded onto surfaces displaying VB or VN peptide at the indicated densities. After
culture for 24 h, the adhesion efficiency of hPSCs was measured. Values are shown as the average percentage of cells that attached. (d) H1 hESCs and hNF-C1 hiPSCs
were dissociated as single cells or colonies and were seeded onto VB or VN peptide displaying surfaces at a density of 25,000 cell cm−2 for 4 days. (e) Colonies of
H1 hESCs and hNF-C1 hiPSCs were seeded onto VB or VN peptide displaying surfaces, and the cell number was measured each 24 h for 96 h. (f) Cell doubling times of
H1 hESCs and hNF-C1 hiPSCs over the course of 10 consecutive passages on VB peptide displaying surface. * represents p < 0.05, and ** represents p < 0.01
(n=3).
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2.5. Statistical analysis

All data are expressed as the average of at least three replicate ex-
periments and are presented as the mean ± standard deviation.
Student’s t-test was used to determine the significant differences among
the groups, and p values < 0.05 were considered statistically sig-
nificant. In this study, * represents p < 0.05, and ** represents
p < 0.01.

3. Results and discussion

3.1. Testing the designed peptide-displaying surfaces for hPSC survival

We designed a total of 12 new RGD-containing peptides, derived
from the amino acid sequence of vitronectin (VN) peptide, bone sialo-
protein (BSP) peptide and long fibronectin (IFN) peptide (Fig. 1). These
12 new peptides were grafted onto polydopamine-carboxymethyl
chitosan (PDA-CMC)-modified cell culture plates as we recently de-
scribed [36]. To investigate whether these peptide displaying surfaces
allowed for hPSC adhesion, we seeded hNF-C1 hiPSC colonies onto the
peptide displaying surfaces for 24 h, and found that 7 of the peptides
permitted cell adhesion (Fig. S1).

Then, cell proliferation and short-term self-renewal analyses were
conducted to evaluate the abilities of those 7 adhesive peptides to

support hPSC culture. The widely used VN peptide, which enables good
cell survival [27,32,33,36,39], and Matrigel were used as positive
controls. The growth curves of H1 hESCs and hNF-C1 hiPSCs cultured
on the NO.7 peptide displaying surface were very similar to those from
cells grown on the VN peptide displaying surface, and much better than
those of cells cultured on surfaces displaying the other 6 peptides
(Fig. 2a). Moreover, we serially passaged H1 hESCs and hNF-C1 hiPSCs
on peptide displaying surfaces and the Matrigel surface for 3 passages,
and the expression levels of pluripotent gene markers, such as OCT-4,
SOX2 and NANOG, in cell samples were measured using RT-PCR at the
end of each passage. At passage 1, the gene expression level of OCT-4 in
H1 hESCs cultured on surfaces displaying the NO.8 or NO.11 peptide
was slightly lower than that in cells cultured on the Matrigel control
surface (Fig. 2b). Consistently, as shown in Figs. S1 and 2a, surfaces
displaying the NO.8 or NO.11 peptide performed poorly in supporting
cell adhesion and proliferation. Because a low density of attached co-
lonies indicates disadvantages in pluripotency maintenance of hPSCs,
the poor cell adhesion performance on surfaces displaying these two
peptides were likely the reason for the down-regulated expression levels
of pluripotent gene markers. Only on surface displaying the designed
NO.7 peptide (Ac-KGGPQVTRGDTYRAY), the expression levels of
pluripotent gene markers in both H1 hESCs and hNF-C1 hiPSCs was
almost the same as that cultured on control surfaces throughout 3
passages, indicating a good ability to support hPSC proliferation and

Fig. 4. Long-term self-renewal of hPSCs on Ac-KGGPQVTRGDTYRAY (VB) or VN peptide displaying surfaces. (a–b) OCT-4 expression in H1 hESCs (a) and hNF-
C1 hiPSCs (b) cultured on VB peptide displaying surface for 10 sequential passages were measured by FACS. (c) FACS analysis of SSEA-3 and TRA-1 60 expressions in
H1 hESCs and hNF-C1 hiPSCs on VB peptide displaying surface at passages (P) 1, 5 and 10. IgG and IgM controls: red peak; FITC-or PE-conjugated antibody counts:
unfilled peak. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article).
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self-renewal.
To quantitatively calculate the surface densities of the 7 adhesive

peptides grafted onto PDA-CMC surfaces, we synthesized 7 corre-
sponding FITC-labelled versions of each peptide. Calibration curves
showing fluorescence intensity and surface peptide density were gen-
erated for the NO.7 and NO.4 peptides as shown in Fig. S2. FITC-la-
belled peptides at a concentration of 1mM were, respectively, grafted
onto PDA-CMC surfaces. Four specimens were produced for each group,
and each test was performed in triplicate using a microplate reader.
Significant differences in surface density were detected among all 7
designed peptides and the VN peptide on PDA-CMC surfaces (Fig. S3).
The NO.11 peptide (Ac-KGGAVTGRGDVFTMP) exhibited the highest
surface density, while the NO.7 peptide (Ac-KGGPQVTRGDTYRAY)
showed the best performance in hPSC adhesion and exhibiting a ex-
hibited moderate surface density (Fig. S3). Given that the NO.11

peptide exhibited a poor ability to support cell adhesion and self-re-
newal compared with the NO.7 peptide, we concluded that the differ-
ence in the performance for these peptides was likely caused not by the
surface density but by the amino acid sequences and composition sur-
rounding the RGD sequence.

Based on the amino acid sequences of all 13 investigated peptides,
our cell adhesion and self-renewal results showed the following. 1) C-
terminal neighboring residues of the RGD sequence were indispensable
for hPSC attachment to the surface. 2) N-terminal neighboring residues
of the RGD sequence were crucial for hPSC survival. 3) The amino acids
surrounding the RGD sequence apparently affect the bioactivities of the
peptides in hPSC culture, and introducing mutations into the amino
acids surrounding the RGD sequence is a good strategy for designing
peptides for cell culture. In future studies, we will systematically screen
a series of peptides by introducing mutations into the non-RGD

Fig. 5. Generation of hiPSCs from human urine-derived cells on Ac-KGGPQVTRGDTYRAY (VB) peptide displaying surface under defined conditions. (a) Cell mor-
phology of human urine cells before reprogramming. (b–c) Morphology of ESC-like colonies that appeared after 7 days (b) and 23 days (c) under induction on the VB
peptide displaying surface. (d) Colony morphology of picked VBUE hiPSCs on the synthetic surface at passage 26. (e) Karyotype analysis of VBUE hiPSCs at passage
20. (f) FACS analysis of OCT-4, SSEA-3 and Tra-1 60 expression in VBUE hiPSC samples. IgG and IgM controls: red peak; FITC- or PE-conjugated antibody counts:
unfilled peak. (g) Immunostaining of OCT-4 (green) and SSEA-3 (green) in cells cultured on VB peptide displaying surface. Nuclei are visualized with DAPI staining
(blue). (h) RT-PCR results for the indicated gene markers to identity the three-germ layers in spontaneously differentiated VBUE hiPSCs. The expression of these
genes in hPSCs before differentiation was standardized to 1, which is marked by a single dotted threshold line. (i) Tissues from all three germ layers, representing
secretory epithelium (endoderm), cartilage (mesoderm) and neuroepithelium (ectoderm), were identified in teratomas formed by VBUE hiPSCs (P20). White scale
bar, 100 μm; black scale bar, 200 μm. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article).
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sequences starting with the VN peptide sequence and examine hPSC
survival on these peptide surfaces. Moreover, molecular dynamics si-
mulation, biotin labelling, isothermal titration calorimetry and surface
plasmon resonance sensing will be applied to reveal detailed insights
into the mechanism by which amino acid sequences affect the bioac-
tivity of RGD-containing peptides in hPSC culture.

3.2. NO.7 peptide exhibited comparable abilities in adhesion and self-
renewal of hPSCs to reported VN peptide

The NO.7 peptide will be referred to as VB peptide in subsequent
sections because its sequence consists of the front sequence of the VN
peptide and the back sequence of the BSP peptide. VB and VN peptides

Fig. 6. Long-term self-renewal of hPSCs on surface displaying Ac-KGGPQVTRGDTYRAY (VB) peptide. (a–b) Colony morphology (a) and karyotype analysis (b) of all
five hPSCs lines (H1 hESCs, H9 hESCs, hNF-C1 hiPSCs, UMC-C1 hiPSCs and ipsN004 hiPSCs) at P20 on VB peptide displaying surface. (c) FACS measurements of OCT-
4, SSEA-3 and Tra-1 60 expression in hPSC samples. IgG and IgM controls: red peak; FITC- or PE-conjugated antibody counts: unfilled peak. (d) The expression of
OCT-4 (green) and SSEA-3 (green) is shown using immunostaining. Nuclei are visualized with DAPI staining (blue). (e–f) Relative expression of the indicated gene
markers to identity the three-germ layers in spontaneously differentiated H1 hESCs (e) or hNF-C1 hiPSCs (f) was investigated by RT-PCR. The expression of these
genes in hPSCs before differentiation was standardized to 1, which is marked by a single dotted threshold line. (g) H1 hESC and hNF-C1 hiPSC samples were injected
subcutaneously into SCID mice to form teratomas, and pluripotency was determined by the presence of tissues from all three germ layers, representing the secretory
epithelium (endoderm), cartilage (mesoderm) and neuroepithelium (ectoderm). White scale bar, 100 μm; black scale bar, 200 μm. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of this article).
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were grafted onto separate PDA-CMC surfaces. The cell morphology of
H1 hESCs on the surfaces displaying VN or VB peptide were similar at
time intervals of 1 h, 4 h, 8 h, 12 h and 24 h (Fig. 3a). As shown in
Fig. 3b–e, the cell number of H1 hESC and hNF-C1 hiPSC on surfaces
displaying VN or VB peptide was nearly the same when changing the
following parameters: peptide concentrations (0.125–1mM), seeding
densities (6250–100,000 cell cm−2), digestion as single cells or co-
lonies, and incubation time (24–96 h). Moreover, RNA-seq was applied
to compare the gene expression patterns in hiPSCs attached to VB

peptide displaying surface or the Matrigel surface for 8 h and 24 h. The
results confirmed that our VB peptide displaying surface presented cell
adhesion and pluripotency maintenance abilities comparable with
those of the VN peptide and Matrigel control surfaces (Figs. S5–6).

In addition, the cell doubling times of H1 hESC and hNF-C1 hiPSC
on the VB peptide displaying surface were very close to those on the VN
peptide displaying surface throughout a ten-passage study (Fig. 4a), and
the expression of the pluripotency markers OCT-4, SSEA-3 and Tra-1 60
in cells cultured on these surfaces were similar based on FACS analysis

Fig. 7. In vitro differentiation of multiple hPSCs lines on surface displaying Ac-KGGPQVTRGDTYRAY (VB) peptide. H9 hESCs, iPSN004 hiPSCs and VBUE hiPSCs were
induced towards neural progenitor-like cells, neural-like cells and cardiomyocytes, which were confirmed by immunostaining of SOX-1 (red) /NESTIN (green), MAP-
2 (green)/TUJ-1 (green) and α-ACTININ (green)/β-MYOSIN (green). Nuclei are shown in blue (DAPI staining). Scale bar, 50 μm. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article).
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(Fig. 4b–c). Our data indicated that the newly developed VB peptide,
compared with VN peptide, exhibits nearly the same hPSC adhesion and
self-renewal abilities when grafted onto PDA-CMC surfaces, thus dis-
playing great promise for sustaining long-term hPSCs cultivation under
defined conditions.

3.3. VB peptide displaying surfaces supporting derivation, long-term self-
renewal and differentiation of hPSCs

Under chemically defined conditions, we obtained one hiPSC line
derived from human urine-derived cells (denoted as VBUE hiPSCs)
(Fig. 5). Then, two hESC lines (H1 and H9) and four hiPSC lines (VBUE
hiPSCs, hNF-C1, UMC-C1 and ipsN004) were sequentially passaged on
VB peptide displaying surface in defined mTeSR1 medium for over 20
passages. After being passaged on VB peptide displaying surface for 20
passages, all six lines showed an unaltered morphology (Figs. 5d, 6 a)
and retained the normal karyotypes (Figs. 5e, 6b). For each hPSC line,
most cells co-expressed pluripotency markers, such as OCT-4, SSEA-3
and Tra-1 60, as demonstrated by FACS (Figs. 5f, 6c). In addition, im-
munofluorescence results showed that OCT-4 and SSEA-3 were ex-
pressed at high levels throughout the colonies (Figs. 5g, 6d). To in-
vestigate the maintenance of hPSC multipotent differentiation ability
on the VB peptide displaying surface, in vitro embryoid body (EB) and in
vivo teratoma formation for H1 hESCs and hNF-C1 hiPSCs at passage 20
were assessed. Notably, spontaneously differentiated cells from all three
germ layers were observed for both H1 hESCs and hNF-C1 hiPSCs, as
revealed by RT-PCR (Figs. 5h, 6e–f). H1 hESCs and hNF-C1 hiPSCs
formed teratomas and generated cells from all three germ layers ap-
proximately 2 months after injection of the cells into the flanks of nude
mice (Figs. 5i, 6g). These results confirmed that the multilineage po-
tential of hPSCs was maintained after culture on synthetic VB peptide
displaying surface for 20 passages. H9 hESCs, iPSN004 hiPSCs and
VBUE hiPSCs cultured on the VB peptide displaying surface were fur-
ther differentiated towards neural cells and cardiomyocytes under de-
fined conditions (Fig. 7). Notably, we achieved reprogramming, long-
term self-renewal and lineage differentiation of VBUE hiPSCs on the VB
peptide displaying surface under defined conditions, which will be of
great value for clinical application of hiPSCs.

4. Conclusions

In summary, we designed twelve novel RGD-containing peptide
sequences based on three previously reported peptide sequences and
investigated their ability to support adhesion and self-renewal of hPSCs
as a function of the amino acid sequences surrounding RGD. Seven of
the peptides allowed cell survival, and only one of these peptides
supported cell self-renewal in three passages. Fortunately, this
Ac-KGGPQVTRGDTYRAY peptide exhibited excellent properties in
human somatic cell reprogramming, long-term self-renewal and lineage
differentiation of hPSCs and thus could be applied for clinical use.
Notably, based on these results, we preliminary explored correlations
between the amino acid sequence surrounding the RGD motif and the
ability of peptides to support hPSC culture, and our findings can be used
to design new peptide sequences with better performance than the
currently reported peptides. Our research will surely promote the ap-
plication of synthetic peptides for surface modification in both funda-
mental research and clinical application of hPSCs.
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