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ABSTRACT: Pulp regeneration is to replace the inflamed/necrotic pulp tissue with regenerated
pulp-like tissue to rejuvenate the teeth. Self-assembling peptide hydrogels RADA16-I (Ac-
(RADA16-I)4-CONH2) can provide a three-dimensional environment for cells. The stem cell
factor (SCF) plays a crucial role in homing stem cells. Combining these advantages, our study
investigated the effects of SCF-RADA16-I on adhesion, proliferation, and migration of human
dental pulp stem cells (DPSCs) and the angiogenesis of human umbilical vein endothelial cells
(HUVECs). The β-sheet and grid structure were observed by circular dichroism (CD), scanning
electron microscopy (SEM), and atomic force microscopy (AFM). Cytoskeleton staining, living
cell staining, cell viability, cell migration, angiogenesis, and western blot assays were performed,
and the results indicated that all the SCF groups were superior to the corresponding non-SCF
groups in cell adhesion, proliferation, migration, and angiogenesis. RADA16-I provided a three-
dimensional environment for DPSCs. Besides, the SCF promoted HUVECs to form more
vascular-like structures and release more vascular endothelial growth factor A. In summary, the SCF-loaded RADA16-I scaffold
improved adhesion, proliferation, and migration of DPSCs and the formation of more vascular-like structures of HUVECs. SCF-
RADA16-I holds promise for guided pulp regeneration, and it can potentially be applied widely in tissue engineering and
translational medicine in the future.

■ INTRODUCTION

Dental pulp tissue, rich in nerves and blood vessels, is an
important component of teeth, which plays an important role
in forming dentin, nutrition, sensation, and defense. Pulp is
prone to inflammation due to caries or trauma, and the
continuous development of inflammation leads to necrosis of
pulp and tissue around the apex. Root canal therapy is a
common treatment option for dentistry. During this process,
the inflamed or necrotic pulp is removed and filled with
synthetic material. Although root canal therapy has proven to
be quite useful, the remaining tooth structure is inactive and
brittleness increases due to the loss of the natural pulp.1,2

Young permanent teeth have a certain ability to regenerate
dental pulp, but mature dental pulp is difficult to regenerate.
Therefore, many researchers have devoted themselves to
dental pulp regeneration.
Dental pulp regeneration is designed to replace inflamed/

necrotic pulp with regenerated dental pulp-like tissue, which
maximizes tooth vitality and continues to develop immature
teeth.3,4 Hence, most researchers pay attention to dental pulp
regeneration, and the most common method is tissue
engineering.
The commonly used scaffolds for pulp regeneration are

synthetic polymers (such as polylactic acid and polyglycolic
acid) and natural materials (such as type I collagen) in

previous studies.5,6 Although those polymers are biocompat-
ible, biodegradable, and inexpensive, they fail to mimic the
complex physiological functions of natural tissues. Collagen,
difficult to customize, has a fast degradation rate and issues of
purity and antigenicity.7 A series of the self-assembled peptide
hydrogels, represented by RADA16-I, have been synthesized
since the self-assembled peptide hydrogel was first discovered
in 1993.8 RADA16-I consists of positively charged arginine
(R), hydrophobic alanine (A), and negatively charged aspartic
acid (D). The above amino acids are periodically repeated in
composition, which makes the gel formation of RADA16-I
controllable.8 RADA16-I is spontaneously assembled into
fibers by a neutral pH solution to form a three-dimensional
hydrogel with humidity greater than 99%.8 Compared with
traditional biomaterials, RADA16-I has the following advan-
tages: (1) injectability,9,10 (2) high biocompatibility and low
cytotoxicity,10,11 (3) ability to provide a true 3D nanofibrous
structure for cell growth,11−16 (4) capability of being further
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modified by various functional amino acid fragments to obtain
better biological properties,15,17 such as PRG, the functional
fragment, which could promote cell adhesion and prolifer-
ation.18 Hence, RADA16-I has substantial potential for 3D cell
culture and tissue engineering and as a delivery system.19

Endodontic angiogenesis is crucial to the long-term survival
of regenerated pulp. In response to this point, the stem cell
factor (SCF) was selected in this study. The SCF, the potent
chemokine, is a glycoprotein with a molecular weight of
approximately 30 kDa. As a homing agent capable of recruiting
progenitor cells, the SCF has shown great potential in
application prospects.18,19 In recent years, in addition to
stem cells derived from dental tissue, human periapical cyst
mesenchymal stem cells (hPCy-MSCs), exhibiting character-
istics similar to those of other dental-derived MSCs, have
received more and more attention.20 MSCs were described as
promoters, enhancers, and playmakers of translational
regenerative medicine in Ballini’s study,21 but the application
of MSCs in dental pulp regeneration is few. Hence, dental pulp
stem cells are still the most widely used in dental pulp
regeneration due to their abundant sources, mature extraction
technology, and thorough research. DPSCs play an important
role in tissue engineering and regenerative medicine, showing
great potential in becoming an ideal source of seed cells for
pulp regeneration.
In the current study, the β-folded and grid structures were

detected by CD, AFM, and SEM, which verified that a
wrapped SCF did not affect the self-assembly process of
RADA16-I. Living cell staining, proliferation, cytoskeleton
staining, migration, and angiogenesis were carried out to
evaluate that the SCF not only promoted angiogenesis but also
promoted adhesion, proliferation, and migration of DPSCs.
Furthermore, RADA16-I provided a three-dimensional growth
microenvironment for DPSCs. In brief, SCF-RADA16-I has
the potential to guide dental pulp regeneration.

■ MATERIALS AND METHODS
Isolation and Culture of Cells. To isolate the DPSCs, the

pulp was removed from complete wisdom teeth, placed in a
humidified incubator at 37 °C with 5% CO2, digested with
collagenase and neutral protease for 40 min, torn into pieces,
and then inoculated on a culture dish containing DMEM (15%
FBS and 1% antibiotic). All reagents were purchased from
Corning. HUVECs were purchased in Sciencecell Research
Laboratories.
Preparation of SCF Solution and Screening of the

Optimal Concentration. SCF powder (Pepro Tech) was
dissolved in ultrapure water to make a 10 mg/mL stock
solution for different working solutions as needed. The cell
suspension was prepared, and 8 × 103 DPSCs were seeded into
a 96-well plate with three replicates for each group with
different concentrations of the SCF. The samples were tested
with CCK8 assay (Dojindo) on days 1, 4, and 7. The
absorbance of DPSCs at 460 nm was measured, and the
optimal concentration of SCF was screened.
Preparation of RADA16-I and SCF-RADA16-I Gels.

The RADA16-I synthetic peptide powder (provided by School
of Materials Science and Engineering Tsinghua University)
was dissolved in ultrapure water to make the peptide solution
at a mass concentration of 1% (10 mg/mL), and the peptide
solution was sonicated with a portable ultrasonic probe
(Sonics) for complete dissolution and filtered with a 0.22
μm filter. The insert chamber (Biocoat) was placed in a 24-well

plate (Corning) and incubated with DMEM. A volume of 100
μL of RADA16-I polypeptide solution was added to the
chamber. DMEM was repeatedly added to dilute the acid,
which was released during the RADA16-I gelation process.
Finally, 200 μL of DMEM was re-added and placed in an
incubator overnight. The RADA16-I hydrogel formed after 24
h. The adequate amount of SCF stock solution prepared was
added to the RADA16-I solution after ultrasonic dissociation
to a final concentration of 100 ng/mL and re-suspended to
make the SCF distribution uniform to obtain SCF-RADA16-I
solution. The above gelation process was repeated by taking
100 μL of the solution therein so that the SCF-RADA16-I
hydrogel was obtained.

Structure and Properties of RADA16-I and SCF-
RADA16-I. A 1% concentration of RADA16-I and SCF-
RADA16-I peptide solutions were diluted to 25 μmoL/L, 200
μL of them was put into the quartz tank for testing (path
length of 0. 05 cm and wavelength range of 195−250 nm) by
CD (Chirascan, Applied Photographysics Ltd), and 150 μL
was put on the surface of a mica plate and observed by AFM.
The scanning area is 1 μm × 1 μm, and the scanning frequency
is 1.00 Hz. Images were recorded with a silicon scanning probe
(FESP, Vecco Probe Inc., CA, U.S.A.) with a tip curvature
radius of 10 nm and 225 μm length. After the two solutions
(RADA16-I and SCF-RADA16-I) were separately gelatinized,
they were fixed with 2.5% glutaraldehyde solution, gradually
dehydrated through different volume fractions of ethanol
solution, and then dried by critical-point drying (Tousimis,
U.S.). After completely dried, they were sprayed with gold and
placed under SEM (Jeol, Japan) for observation.

Experimental Design. The following six groups (Figure
2a) were suitable for adhesion, activity, and proliferation
experiments: DPSC group: DPSCs were directly inoculated on
24-well plates; SCF + DPSC group: DPSCs were inoculated on
the plates, and we added SCF to the culture medium;
RADA16-I-2D group: RADA16-I was injected into the insert
chamber and completed the self-assembly process, and then we
inoculated DPSCs on the surface of RADA16-I; SCF-
RADA16-I-2D group: we added SCF to the culture medium
on the base of group RADA16-I-2D; RADA16-I-3D group:
RADA16-I in the solution state was mixed with DPSCs, which
were resuspended in 10% sucrose solution, and they were put
into the insert chamber; and SCF-RADA16-I-3D group:
RADA16-I in the solution state was mixed with the SCF and
DPSCs, which were resuspended in sucrose solutions, and they
were injected into the insert chamber.

Cytoskeleton Staining Experiment. Each sample was
prepared as shown in (Figure 2a) in which the cell density was
1 × 104 DPSCs/well. Samples were collected at hours 3 and
24, fixed in 4% paraformaldehyde, permeated with 0.1%
Triton® X100, blocked with 1% bovine serum albumin (BSA),
incubated with rhodamine-labeled phalloidin staining solution
( Invitrogen) for 40 min, and dyed with SYTOX Green
(Invitrogen ) or DAPI (Beyotime). Then, they were observed
by LSCM (Zeiss 780) and analyzed with GraphPad Prism 7.

Cell Activity Assay. Each sample was prepared as shown in
(Figure 2a) in which the cell density was 1 × 105 cells/well.
Samples were collected separately on days 1 and 3, washed
with PBS, and dyed with Calcein AM dye (Dojindo) for 30
min. Then, they were photographed by LSCM and quantified
with Imagine J.

Cell Proliferation Assay. Each sample was prepared as
shown in (Figure 2a) in which the cell densities of the two-
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dimensional and three-dimensional cultures were 4 × 104 and
1 × 104 cells/well, respectively. Furthermore, in the three-
dimensional culture, the functional fragment PRG (repetitive
array of PRGDS and YRGDS polypeptide sequences) was
ligated at the C-terminus of RADA16-I, and group RADA16-I-
PRG + DPSCs together with group SCF-RADA16-I-PRG +
DPSCs was added. Samples were respectively harvested on
days 1, 4, and 7, and the mixtures of cell lysate and CyQUANT
NF reagent (Cy QUANTTM Cell Proliferation Assay Kit)
were completely reacted with the cells according to the
instructions. The fluorescence intensity was tested by a
microplate reader (Biotek, U.S.) and analyzed with GraphPad
Prism 7.
Cell Migration Assay. This experiment was divided into

DPSC, SCF + DPSC, RADA16-I, and SCF-RADA16-I groups
and HUVECs, SCF + HUVEC, RADA16-I, and SCF-
RADA16-I groups. Cells (2 × 104 cells/well) were added to
the Transwell chamber (nested 24-well plate), and 300 μL of
medium with or without SCF and RADA16-I was added to the
lower chamber. After 24 h, Transwell chambers were taken out,
washed with PBS, fixed with 4% paraformaldehyde, dyed with
0.1% crystal violet dye working solution after the un-migrated
cells were wiped clean, and then photographed by a
microscope (Leica) and analyzed with GraphPad Prism 7.
Angiogenesis Experiment In Vitro. Two groups,

HUVECs and SCF + HUVECs, were included in this assay.
BD Matrigel (200 μL/well) was added into the plate precooled
at 4 °C and placed at 37 °C for 30 min. HUVECs were added
to the well plate (2 × 105 cells/well) with Matrigel, and the
SCF was separately added into the SCF + HUVEC group. The
pictures were collected with an inverted microscope in 3, 6,
and 9 h. Finally, the samples were dyed with calcein AM and
photographed again under a fluorescence microscope.
Western Blot Analysis. HUVECs with or without SCF

were lysed with RIPA lysate (Pro Tech) at hours 3, 6, and 9.

Protein concentrations were tested with a protein assay kit
(Bosterbio). The total proteins were separated by SDS-PAGE,
transferred to a PVDF membrane (the membrane was blocked
with 5% non-fat milk), incubated with a vascular endothelial
growth factor A (VEGFA) (Wanleibio, WL00009b) primary
antibody at 4 °C overnight, and then incubated with a
secondary antibody (ZSGBBI O, ZB2301) after washing. The
signal of the immunoreactive protein was visualized using a
hypersensitive ECL chemiluminescence reagent (Boster,
AR1171) and then analyzed by using Image J software.

■ RESULTS

Screening the Optimal Concentration of the SCF. In
order to screen the optimal concentration of the SCF, the
proliferation of DPSCs was evaluated. As shown in Figure 1a,
the proliferation of DPSCs with the SCF was better than that
without the SCF, which indicated that the SCF promoted the
proliferation of DPSCs. On the fourth day, under a
concentration of 100 ng/mL, it was found that the higher
the concentration, the faster the proliferation. When the SCF
concentration increased to 150 ng/mL up to 200 ng/mL, the
number of cells showed a downward trend. There was a
statistical difference (P < 0.01) between group 100 ng/mL and
groups 0, 25, and 200 ng/mL, and there was no statistical
difference between group 100 ng/mL and groups 50, 100, and
150 ng/mL (P > 0.05). On the seventh day, although there was
no statistical difference between group 100 ng/mL and group
150 ng/mL (P > 0.05), there was a statistical difference
between groups 100 and 50 ng/mL (P < 0.05). Hence, 100
ng/mL was used to complete the following experiment because
the number of cells at 100 ng/mL was always the largest.

Structure and Properties of RADA16-I and SCF-
RADA16-I. A stable β-sheet secondary structure of SAPs is
required for peptide self-assembly and nanofiber formation.22

As shown in Figure 1b, a typical spectrum of β-sheet structures

Figure 1. Screening optimal concentration of SCF and schematic illustrations of RADA16-I and SCF-RADA16-I. (a) Screening optimal
concentration of SCF (*P < 0.05, **P < 0. 01). (b) Typical CD spectrum of SCF-RADA16-I and RADA16-I. (c) Typical SEM morphologies of
SCF-RADA16-I and RADA16-I. (d) Representative AFM images of SCF-RADA16-I and RADA16-I. (e) SCF-RADA16-I and RADA16-I form
hydrogel scaffolds under physiological conditions.
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with a positive maximum molar ellipticity at 196 nm and a
negative maximum molar ellipticity at 216 nm was observed in
group SCF-RADA16-I, which was similar to that in group
RADA16-I. The result of SEM (Figure 1c) revealed
interweaving nanofibers and porous structures with diameters
of 10−30 nm and pores between 5 and 200 nm, which provide
a true 3D microenvironment for cells by mimicking the
extracellular matrix (ECM).11,14,20 The results of AFM (Figure
1d) showed that SCF-RADA16-I formed long uniform and
interwoven nanofibers similar to those of RADA16-I, which
was consistent with SEM results. SCF-RADA16-I and

RADA16-I form hydrogel scaffolds under physiological
conditions (Figure 1e). Those results indicated that loaded
SCF did not affect the β-sheet structures and self-assembly
process of RADA16-I.

SCF-RADA16-I Promoted the Adhesion of DPSCs. To
evaluate the adhesion of DPSCs, cytoskeletal staining was
performed (Figure 2(b, c)). By calculating and analyzing the
aspect ratio of DPSCs (Figure 2f,g), the aspect ratio of groups
with the SCF was better than that of corresponding groups
without the SCF at 24 h (P < 0.01). In addition, the state of
DPSCs was irregularly polygonal, and the 3D cultured cells

Figure 2. Effect of SCF-RADA16-I on adhesion and activity of DPSCs. (a) Schematic diagram of groups: DPSC group: DPSCs were directly
inoculated on 24-well plates; SCF + DPSC group: DPSCs were inoculated on the plates, and we added SCF to the culture medium; RADA16-I-2D
group: RADA16-I was injected into the insert chamber and completed the self-assembly process, and then we inoculated DPSCs on the surface of
RADA16-I; SCF-RADA16-I-2D group: we added SCF to the culture medium on the base of group RADA16-I-2D; and RADA16-I-3D group:
RADA16-I in the solution state was mixed with DPSCs, which were resuspended in sucrose solution, and they were put into the insert chamber;
SCF-RADA16-I-3D group: RADA16-I in the solution state was mixed with SCF and DPSCs, which were resuspended in sucrose solutions, and
they were injected into the insert chamber. (b, d) Representative images of two-dimensional cultures and (f, h) the corresponding statistical
analysis . (c, e) The images of three-dimensional cultures were taken and (g, i) statistically analyzed. F-actin was dyed into red by phalloidin. The
nucleus was dyed into blue by DAPI and dyed into green by SYTOX Green. (*P < 0.05, **P < 0. 01). Scale bar: 100 μm (b, d) and 200 μm (c, e).

Figure 3. Effect of SCF-RADA16-I on proliferation and migration of DPSCs. The proliferation of DPSCs cultured in (a) 2D and (b) 3D. (c)
Migration images of DPSCs and (d) the corresponding statistical results. (n = 5, *P < 0.05, **P < 0. 01).
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have an aspect ratio superior to that of the 2D cultured. In
summary, SCF-RADA16-I promoted the adhesion of DPSCs
and provided a three-dimensional environment for cells
simultaneously.
SCF-RADA16-I Promoted the Activity of DPSCs. To

evaluate the activity of DPSCs, living-cell staining was carried
out. The activity of 3D cultured DPSCs (Figure 2e) was close
to that of DPSCs cultured on plates (Figure 2d) and superior
to that of 2D cultured DPSCs (Figure 2d). In 3D culture, the
cells exhibited agglomerated growth. The statistical results
(Figure 2h,i) showed that the activity of cells in groups with
the SCF was significantly more than that in the corresponding
SCF-free groups whether in 2D or 3D culture (P < 0.05). In
short, SCF-RADA16-I promoted the activity of DPSCs and
provided simultaneously a three-dimensional growth environ-
ment for cells.
SCF-RADA16-I Promoted the Proliferation and Mi-

gration of DPSCs. The proliferation of DPSCs was detected
by a DNA content determination method, and fluorescence
intensity reflected the number of cells. The results showed that
the cells showed good growth and proliferation whether in 2D
culture (Figure 3a) or 3D culture (Figure 3b), and the trend
was not different from TCP, which further proved the good
compatibility of the hydrogel. The addition of the SCF
increased proliferation of DPSCs (P < 0.05), which further
verified the previous screening of the SCF concentration.
Moreover, the number of 3D cultured cells was still inferior to
that of DPSCs cultured on plates, and surprisingly, this gap was
compensated by connecting the amino acid sequence (PRG)
at the C-end of RADA16-I (Figure 3b) (P < 0.05).
The migration results of DPSCs are shown in Figure 3c.

According to statistical analysis (d), the number of DPSCs that
passed through the polycarbonate membrane of in group SCF
+ DPSCs was more than that of group DPSCs (P < 0.01), and
the SCF-RADA16-I group was more than RADA16-I. No

significant difference was found between group RADA16-I and
group DPSCs (P > 0.05).

SCF Promoted the Angiogenesis of HUVECs. The
vascular-like structures formed in group HUVECs and group
SCF + HUVECs at hours 3, 6, and 9 are exhibited in Figure 4a.
After analysis, the number of meshes (Figure 4b) in the SCF +
HUVEC group was more than that in group HUVECs both at
hours 6 and 9 (P < 0.01), and the number of junctions (Figure
4c) in the SCF + HUVEC group was more than that in the
HUVEC group at hour 9 (P < 0.05), which indicated that the
SCF promoted HUVECs to form more vascular-like structures.
The level of VEGFA was detected by western blotting

(Figure 4d). After analysis (Figure 4e), the expression of
VEGFA increased gradually from hours 3 to 9 whether in
group SCF + HUVECs or group HUVECs. Most importantly,
the VEGFA protein in group SCF + HUVECs was more than
that in group HUVECs whether at hours 3, 6, or 9 (P < 0.01),
which indicated that the SCF promoted the expression of
VEGFA.
The migration results of HUVECs are shown in Figure 3f.

According to statistical analysis in Figure 3e, the number of
HUVECs passed through the polycarbonate membrane in
groups with the SCF was more than that in corresponding
SCF-free groups (P < 0.01). Furthermore, there was a
statistical difference between group RADA16-I and group
HUVECs (P < 0.05) and group SCF-RADA16-I and group
SCF + HUVECs (P < 0.05). The above results indicated that
SCF-RADA16-I promoted the migration of HUVECs.

■ DISCUSSION
Pulp regeneration aims at replacing inflamed or infected pulp
with regenerated pulp-like tissue, maximizing the vitality of
teeth and continuing to develop immature teeth.3 The key to
pulp regeneration is to provide a regenerative microenviron-
ment in the root canal to promote the growth of dental pulp

Figure 4. (a−c) Angiogenesis experiments in vitro. (a) Vascular-like structures formed in 3, 6, and 9 h, and the vascular-like structures formed in
the ninth hour were dyed with Calcein AM for easy observation. Statistical results include (b) meshes and (c) junctions. (d, e) Level of VEGFA
released by HUVECs. (d) Western blotting strips and (e) statistical results. (f) Representative migration images of migration and (g) the statistical
results of migration. (*P < 0.05, **P < 0. 01). Scale bar: 200 μm.
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stem cells. In addition, accelerating vascularization is equally
important for regenerative pulp tissues.
In this study, the optimal concentration of the SCF was first

screened. In previous studies, the SCF was found to promote
the migration of dental progenitor cells and neovasculariza-
tion.23 In the existing literature reports, the additive amount of
SCF differs by more than 10 times.19,24 Therefore, we studied
the relationship between the SCF concentration and
proliferation of DPSCs, and 100 ng/mL was chosen as the
optimum concentration, which differed from the study of
Zheng et al. where the optimum concentration of the SCF for
in vitro expansion of hematopoietic stem cells was 50 ng/
mL.23,25 We hypothesized that the optimal working concen-
tration of SCF varies with the type of cells.
The results of CD, SEM, and AFM showed that a wrapped

SCF had no effect on the self-assembly process of RADA16-I.
Then, RADA16-I composed of nanosized fibers is an ideal
microenvironment-simulating extracellular matrix by evaluating
the bio-behaviors of DPSCs. In addition, RADA16-I could load
the SCF and maintain the activity. The results of this study also
proved that RADA16-I wrapping the SCF promoted the bio-
behaviors of DPSCs and provided a 3D environment for
DPSCs. Interestingly, DPSCs exhibited irregular polygons and
aggregate growth during 3D culture in living-cell staining and
cytoskeleton staining, which may be related to the grid
structure of RADA16-I15 and chemotaxis of the SCF,23,25−28,30

and although it no longer presented the typical long spindle
growth, the three-dimensional culture is closer to the real
environment in vivo.16,31 It is worth noting that RADA16-I
inhibited the proliferation of DPSCs to a certain extent, which
may be related to the average diameter of cells being larger
than the pore diameter of RADA16-I. In order to make up for
the gap between the RADA16-I group and the control group,
the functional amino acid sequence was linked at the C-
terminal of RADA16-I (RADA16-I-PRG and SCF- RADA16-I-
PRG in Figure 3b), which is supported by the relevant
literature.14,29

We found that the SCF promoted the migration of DPSCs
and HUVECs, while RADA16-I promoted the migration of
HUVECs but has no significant effect on DPSCs, which is
similar to that in the study of Pan et al. where the SCF
promoted the migration of dental progenitor cells23 and the
study of Wang et al. where RADA16-I promoted migration of
endothelial cells.32 Finally, experiments related to in vitro
angiogenesis were carried out, and the result showed that the
SCF obviously promoted HUVECs to form more vascular-like
structures, and the SCF promoted HUVECs to secrete more
VEGFA, providing a possibility for revascularization in the root
canal in vivo.
Whether it is the SCF solution or DPSC cell suspension,

most of them would be lost when they are inoculated into the
root canal. The outstanding advantage of RADA16-I is the
injectability;9,10 the root canal has an irregular geometry, and
the hydrogel with humidity greater than 99% could well fill the
root canal of various shapes, so RADA16-I could be used as a
carrier to encapsulate the SCF and DPSCs into the root canal
and provide a 3D environment, which is closer to the internal
environment for DPSCs. During the culture process, the cells
were fully embedded in the three-dimensional environment of
the RADA16-I in order to better simulate the internal
microenvironment. The 3D culture is between the monolayer
cell culture and the animal experiment, allowing the cells to
grow in all directions, which could not only simulate the

internal environment to the greatest extent but also have the
advantages of demonstrating the intuitiveness and conditional
controllability of a cell culture, providing a good platform for
further study of cell characteristics. RADA16-I could also be
further modified by various functional amino acid fragments or
growth factors required to obtain better biological proper-
ties.15,18 If RADA16-I wrapping DPSCs and the SCF is
injected into the root canal sterilized thoroughly, DPSCs will
adhere and proliferate in a three-dimensional environment and
the SCF will recruit periapical endothelial cells into the root
canal to form blood vessels, thus realizing the regeneration of
pulp tissue rich in vascular-like structures in vivo.
In addition, SCF-RADA16-I has great potential to become a

carrier or study model for therapeutic delivery. The SCF will
gradually be released with the degradation of RADA16-I. In
Barry et al.’s study, using nanomaterials for the delivery of
protein-based therapeutics has shown promise for the
treatment of osteoporosis.33 Therefore, the novel approaches
with nanotechnologies are expected to treat more diseases.
Meanwhile, there is a limitation in this study, the pH value

of the RADA16-I solution is 3 before gel formation, which may
affect cell growth if it is not diluted timely and adequately.
Therefore, the above results are required to be further verified
by in vivo experiments.
Regeneration of pulp tissue rich in vascular-like structures is

essential for restoring tooth vitality. In this study, we
engineered an injectable peptide scaffold wrapping the SCF
and demonstrate the injectable properties crucial for clinical
application. The next step in SCF-RADA16-I would be aimed
at regeneration of pulp tissue rich in vascular-like structures in
vivo, which will verify the viability of such a biomimetic tissue
regeneration approach.
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