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[Abstract] Objective To investigate the effects of graphene on the proliferation, migration and cell morphology of

155 ) bR 34 (0SID )

dental pulp stem cells (DPSCs). Methods Graphene powder was prepared by the oxidation-reduction method, and a
0.5 mg/ml. graphene dispersion was prepared. Raman spectroscopy and atomic force microscopy were used to character-
ize the structure and surface morphology of graphene. DPSCs were isolated and cultured in vitro. MTT assay was used to
detect the effects of different concentrations of graphene dispersions (0, 1, 5, 10, 20, 50, 100 pwg/mL) on the prolifera-
tion and wound healing assay was used to detected the migration abilities of DPSCs. The effects of graphene on the mor-
phology of DPSCs were observed by immunofluorescence staining. Results In the present study, compared with the
control group (0 pg/mL), the proliferation of DPSCs in the 100 pwg/ml group was inhibited at 72 h (P < 0.05), and the
proliferation of DPSCs in the other groups was not significantly affected (P > 0.05). Graphene dispersions at 10 and 20
pg/mL promoted the migration of DPSCs (P < 0.05). After being cultured in 20 pg/mL graphene dispersions for 3 days,
the DPSCs showed a large and orderly cytoskeletal structure, and the spread area of cells was not significantly different
from that of the control group (0 pg/mL) (P > 0.05), while some cells had the morphological characteristics of nerve

cells. Conclusion Graphene has good biocompatibility and is expected to be a suitable material for tissue engineering
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within fitting concentration.
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a: morphology of primary DPSCs on day 7 (X 100), and long spindle-shaped cells were observed to crawl out around the tissue; b: on the 20th

day of primary DPSC culture, the cells were gradually fused (X 100); c: after 14 days of induction of mineralization, a large number of DPSCs

were postive with ALP staining (X 200); d: DPSCs were positive for STRO-1 expression. STRO-1: stromal cell antigen; DPSCs: dental pulp stem

cells

Figure 1 Isolation, culture and identification of dental pulp stem cells
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The characteristic D-peak (1 350 em™) and G-peak (1 580 em™) of graphene and GO can be clearly seen. The G peak represents the charac-

teristic C = C bond on the surface of graphene and GO, while the D peak represents the transformation of the sp® carbon atom in the aro-

matic ring of graphene into the sp’ structure after oxidation. After reduction, the ID/IG value of graphene decreases (GO: ID/IG = 1.06; Gra-

phene: ID/IG = 0.88), which indicates that after reduction, part of the sp® structure is reduced to the sp” structure. GO: graphene oxide

Figure 2 Raman spectra of GO and graphene
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Figure 3  The surface morphologies of
Graphene
GO and graphene were observed by
atomic force microscopy
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' *;: P < 0.05 vs. the control group (0 pg/mL)
Q§0.2 Figure 4  Effects of graphene on the proliferation ability of dental pulp
o
stem cells
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W 10 we/mL2H 5 20 pe/mL 4353 KIRE A R4, 10 4 vs. XFHRY]: P=0.003) ; 50 pwg/mL 41 5 %t I8 4
pe/mLALTRER IR, HKCh 20 pg/mLAH ¥ & & T (0 pg/mL) TG EHM2F (P=0.320). WHES,

Graphene
10 pg/mL 20 pg/mL 50 pg/mL
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After 6 h of culture, DPSCs crawled out of the edges of cell

scratches in each group. After 12 h, the areas of cell scratches

Oh

decreased in all groups. After 24 h, the areas of cell scratches
1.0r  + 0 pg/mL
2038 - 10 pg/mL decreased significantly, and some areas in the 10 and 20 g/

~ 20 pg/ml, s
** mL groups had fused. **P < 0.01, ***P < (0.001, compared
with the control group (0 pg/mL); DPSCs: dental pulp stem cells
. Figure 5 Influence of graphene on the migration ability {JP

0h 6h 12h 24h  of DPSCs

5 A BN DPSCs iR g 7 15

6h

12h

24 h

2.5 G RN DPSCs @ e b & 49 % h AR A 2 A0 AR TR A 5 1T X IR ZH (0 wg/ml)
20 pg/mL AT S0 OG5 DPSCs 3 d J& , Al UL I ST ARk, LK 6.
S 2H A AR TE MR AL |, 1) R IR A6 A |, 285 REDCEE R BN, 4t 3 d KR, 20 pg/mL

DPSCs were cultured in a 20 pg/mL graphene disper-
sion for 3 days, and the spindle cell body of the experi-
mental group contracted and transformed into a round
cell body. The protrusion became longer and had a
nerve cell - like morphology, while the morphology of
cells in the 0 pg/mL group did not change significant-
ly. DPSCs: dental pulp stem cells

Figure 6 Effect of graphene on the morphology
of DPSCs (x 100)
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i Vi RS YN R G2 1 0 = 2NN S S

800 000
600 000

400 000 f

taining area

K

S

200 000
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a: actin and nuclear staining (X 200) , after 3 days of culture, the cells in the 20 pg/mL graphene dispersion group had a large

spreading area and high luciferin density, with a thick and orderly cytoskeleton structure,, and some cells showed long synapses and

polygonal morphology; b: fluorescence areas were compared between the experimental group and the control group (0 pg/mL); DP-

SCs: dental pulp stem cells

Figure 7 Effect of graphene on the morphology of DPSCs
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