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[Abstract] Objective To study the effect of stem cell factor (SCF) on the angiogenic ability of cocultured dental
pulp stem cells (DPSCs) and human umbilical vein endothelial cells (HUVECs). Methods This study has been re-
viewed and approved by the Ethics Committee. The experiment was split into the HUVECs, SCF+HUVECs, DPSCs+HU-
VECs, and SCF+DPSCs+HUVECs groups. A mixture of SCF and culture medium was used to prepare a mixed culture
medium with an SCF concentration of 100 ng/mL. In vitro coculture of DPSCs and HUVECs was performed at a 1:5
ratio. CCK-8 proliferation assay was used to observe the proliferative capacity of cells in each group on days 1, 3, 5,
and 7. Wound healing and Transwell migration assays were used to detect the effect of SCF on cell migration under

either direct or indirect coculture conditions, respectively. In vitro angiogenesis experiments were performed to detect
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the angiogenic capacity of the cells in each group. The vascular endothelial growth factor A (VEGFA) concentration in

the cell culture supernatant was detected using ELISAs, and the protein expression levels of CD31, CD34, and VEGFA

were detected using Western blot analysis. Results Wound healing and Transwell migration experiments showed that

SCF significantly promoted the migration of cocultured DPSCs and HUVECs (P < 0.05). The in vitro angiogenesis exper-

iment showed that the number of branches and the total length of branches of tubular structures in the SCF+DPSCs+HU-

VECs group were significantly greater than those of the other groups (P < 0.05), and the expression levels of the vascular
-related proteins CD31, CD34, and VEGFA in this group were greater (P <0.01). Conclusion SCF can enhance the

migration and in vitro angiogenesis of cocultured DPSCs and HUVECs.
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On days 1, 3, 5, and 7, the OD.s, values of each group were detected
and analyzed. The cell proliferation ability of DPSCs and HUVECs co-
cultured group was higher than that of HUVECs cultured alone. *: P <
0.05. #*: P<0.01. ##% P <0.001. DPSCs: dental pulp stem cells.
HUVECs: human umbilical vein endothelial cells. SCF: stem cell factor
Figure 1  The proliferative ability of the cells was measured
by the CCK-8 assay
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a: microscope migration images of groups
of cells at 0, 12 and 24 h (40 X). After
12 h, the areas of cell scratches de-
creased in all groups. After 24 h, the ar-
eas of cell scratches decreased signifi-
cantly in all groups, and scraiches in
the SCF+DPSCs + HUVECs group had
fused. b: statistical analysis of the per-
cent scratch healing area was per-
formed after image acquisition using Im-
age J to detect the area of scatch and
calculate the percentage of scratch heal-
ing area for 12 h and 24 h by the formu-
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z e SCF+DPSCs+HUVECs DPSCs: dental pulp stem cells; HU-
= Y sk g pulp stem cells;
240 . . .
E VECs: human umbilical vein endotheli-
o ]
g 20 al cells; SCF: stem cell factor

12 h 24 h Time

Figure 2 Effect of SCF on migration capacity of DPSCs and HUVECs under direct coculture conditions
B2 SCFXI DPSCs Fl HUVECs HE I IR 21 T LA HE 1 (32 0
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AT FUE 4y K T HUVECs 4 (12 h: P = 0.003,
24 h: P <0.001), 24 h, SCF+HUVECs 41 %) 1 & T
FEA 43 K T HUVECs 4H (P < 0.001) (K 2b) .
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BT, B AR N (& 4a) . SCF+DPSCs+
HUVECs 41 5 H AL AT L, TE A0 /N R S5 40 43 52
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a: representative migration images of 48 h
HUVECs under different conditions (100 X).
The cells migrated from SCF +DPSCs + HU-
VECs group were significantly more than
those from the other three groups. b: statisti-
cal analysis of the number of HUVECs mi-
grates. Transwell migration experiment found
that the combined effect of SCF and DPSCs
significantly promoted the migration of HU-
VECs. ***: P <0.001. DPSCs: dental pulp
stem cells. HUVECs: human umbilical vein

endothelial cells. SCF: stem cell factor

Figure 3  Effect of SCF and DPSCs on HUVECs migration capacity
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P=0.001),

i8R SCF 1 DPSCs .t 5 HUVECs 15 7 7]
PEIEERZEH I B, (AR HERICR A T SCRAE T F
57 35 (1) DPSCs F HUVECs M1 8 o 5 1% 40 g 7
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a: microscope images of the forma-
tion of tubular structures in each
group of cells at 3 h, 6 h, 9 h, and
12 h (100 X). The coculture of DP-
SCs and HUVECs group formed
more tubular structures than that of
HUVECs group. b: statistical analy-
sis of the number of branches of the
tube. c: statistical analysis of the
branch length of the tube. d: fluores-
cent images of tubular structures in
coculture group labeled with live
cell tracer at 3 h and 9 h. DPSCs
are distributed at nodes of tubule
structures at 3 h. As tubules contin-

ue to mature and stabilize, at 9 h
£ EHUVECs
S mSCR+HUVECS
A | MDPSCs+HUVECs

DPSCs slowly migrate from nodes to

branches, to play the role of peri-

500 = SCI+DPSCs+HUVECs cytoid cells and to maintain the sta-
bility of the tubular structures. CM -
3h 6h 9h 15 h Time 3h oh oh 13D Time Dil (red) : HUVECs. CMFDA (green):
DPSCs. *: P<0.05. ** P<0.0l.
Q0 2 - #x%; P <0.001. DPSCs: dental pul
P <0 o 8
DPSCs+HUVECs SCF+DPSCs+HUVECs s¢ dental pulp

SCF+DPSCs+HUVECs

CMFDA

1) 38 R0 R 0L B B . AR SE 88, DPSCs I
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DPSCs fil HUVECs #E47hR i , 3 18 26 56 i Al Bs 1 ]
WREE AL 15 FE AL AN AE 3 h F19 b (8 20 i o A B 2528

DPSCs+HUVECs

stem cells. HUVECs: human umbili-
cal vein endothelial cells. SCF: stem
cell factor

Figure 4  Effect of SCF on the
vascular formation capacity of
cocultured DPSCs and HUVECs
B4 SCF Xf3L55 3% 19 DPSCs
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PR AT L™ A B RS A8 RN 2 48 R RE T 1
A

SCF BE AT D & $54 11E 440 e i A5 9% Bl i/,
Al LU A i B R R AR, AR
F 5T, SCF B g it F T HUVECs 3258 , ffi HE
W 2 B LA FE 45 o Cucco 5577 & B DPSCs



b

AREEMFIE 2023F 108 #31% #1058
+ 718 +  Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2023, Vol.31 No.10 http://www.kqjbfz.com

0 .. ©

H SH

DH SDH

CD31 [ - - - 130 LD

VEGFA/(ng/mL)

GAPDH | it snems s s | 37 D

Relative protein expression level

CD31 CD34 VEGFA

2.0 sk
: gk 7
e B HUVECs
s ook T
1.5 T Tk
st i .
1.0+

I SCF+HUVECs
Il DPSCs+HUVECs
SCF+DPSCs+HUVECs

a: VEGFA concentration (ng/mL) in cell superna-
tant of each group was detected by ELISA.The

concentration of VEGFA in the supernatant of

CD34| — e o -| 110 kDa SCF+DPSCs+DPSCs group was higher than that

of other groups. b: western blot images of CD31,
CD34, VEGFA. The expression level of angiogen-
esis-related proteins in the SCF+DPSCs+DPSCs
group was significantly higher than that of the
other groups. c: using GAPDH as reference, the
relative expression levels of vascular-related pro-
teinswere analyzed. *: P <0.05, ** P <0.01,
##%; P <0.001. H: HUVECs. SH: SCF + HU-
VECs. DH: DPSCs +HUVECs. SDH: SCF + DP-
SCs + HUVECs. DPSCs: dental pulp stem cells.
HUVECs: human umbilical vein endothelial
cells. SCF: stem cell factor; VEGFA: vascular en-
dothelial growth factor A

Figure 5 Effect of SCF on angiogenesis-related proteins expression of cocultured DPSCs and HUVECs
5 SCF X385 3% (1) DPSCs Hl HUVECs ML T8 AU SEHE 1 ek 1

ik SCF A1 CD117, 3iF 55 T SCF {5 5 i [ ] i i
CD117 #4% DPSCs " Bmi-1 £ [H 1 £ 3k , HE M 41 7
DPSCs ) H IR FEA LS, 2 SCF AR T3k
K514 DPSCs 5 HUVECs B, i 8% fiE 11 Fl i RE 1y
T A AL R A A bR 7 A A
4E L], SCF+DPSCs+HUVECs 2 ' CD31 . CD34
I VEGFA —Fh 85 1Y 235 K V- fie i, BIP SCF (Y Lz
FH AT 3 — A2 #F DPSCs 1 HUVECs i Ifil 5 #H 56 &
P 08 ORI, i e 200 R %) L3 T B T

SCF 1 FH T 3£ 8% 3% 59 DPSCs Fl HUVECs i}, JE
B IR 25 0 i B B B 2 RIS e, A8 T8
AR R R IB KRR s , B SCEF AT fig i 3% 5%
DPSCs Fil HUVECs FYiEF% , 3% 5 40 il 1Y) 1M 457 T2 Bl e
F1o F—21 B AR S5 b v 9 K i R i 4
1) EL AR A 538 % A FEAILARL , DA R A fof 8 142 9 1
FHIE BLE 25 055 A6 25 40 10 21 SR 20, AT R ) 52
B IR AL
[ Author contributions] Ji HJ performed the experiment, analyzed
the data and wrote the article. Xu LL, Ding WT , Li PH and Wang YJ
performed the experiment, analyzed the data and revised the article.
Pan S designed the study and reviewed the article. All authors read and

approved the final manuscript as submitted.

2% 30k

[1]  Kumar N, Maher N, Amin F, et al. Biomimetic approaches in clini-

cal endodontics[J]. Biomimetics (Basel), 2022, 7(4): 229. doi:

[4]

(7]

10.3390/biomimetics7040229.

Gronthos S, Brahim J, Li W, et al. Stem cell properties of human
dental pulp stem cells[]]. J Dent Res, 2002, 81(8): 531-535. doi:
10.1177/154405910208100806.

Sabbagh J, Ghassibe-Sabbagh M, Fayyad-Kazan M, et al. Differ-
ences in osteogenic and odontogenic differentiation potential of
DPSCs and SHED[J]. J Dent, 2020, 101: 103413. doi: 10.1016/j.
jdent.2020.103413.

Mattei V, Martellucci S, Pulcini F, et al. Regenerative potential of
DPSCs and revascularization: direct, paracrine or autocrine effect?
[J]. Stem Cell Rev Rep, 2021, 17(5): 1635-1646. doi: 10.1007/
s12015-021-10162-6.

Zhang S, Zhang W, Li Y, et al. Cotransplantation of human umbili-
cal cord mesenchymal stem cells and endothelial cells for angio-
genesis and pulp regeneration in wvivo[J]. Life Sci, 2020, 255:
117763. doi: 10.1016/).1£s.2020.117763.

Se—AF, HRAE TR, A5 IR IR B AR S AR BUR BRI
1A 2 BT 400 M 35 5 i B R BIESE)). H I BE 2SR, 2017,
33(5): 504-508. doi: 10.13701/j.cnki.kqyxyj.2017.05.010.

Wu Y, Zhang S, Pan S, et al. Angiogenic potentials of coculture of
human umbilical vein endothelial cells and dentin extract-induced
human dental pulp stem cells[J]. J Oral Sci Res, 2017, 33(5): 504-
508. doi: 10.13701/j.cnki.kqyxyj.2017.05.010.

Liu Y, Gan L, Cui DX, et al. Epigenetic regulation of dental pulp
stem cells and its potential in regenerative endodontics[J]. World J
Stem Cells, 2021, 13(11): 1647 - 1666. doi: 10.4252/wjsc.v13.
i11.1647.

Siddiqui Z, Acevedo-Jake AM, Griffith A, et al. Cells and material-

based strategies for regenerative endodontics|J]. Bioact Mater,



A& E

b

2023 10A $31% F10H
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2023, Vol.31 No.10 htip://www.kqjbfz.com - 719 -

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2022, 14: 234-249. doi: 10.1016/j.bioactmat.2021.11.015.

Kim KL, Seo S, Kim JT, et al. SCF (stem cell factor) and cKIT
modulate pathological ocular neovascularization[]]. Arterioscler
Thromb Vasc Biol, 2019, 39(10): 2120-2131. doi: 10.1161/AT-
VBAHA.119.313179.

Xie DM, Chen Y, Liao Y, et al. Cardiac derived CD51 - positive
mesenchymal stem cells enhance the cardiac repair through SCF-
mediated angiogenesis in mice with myocardial infarction[J]. Front
Cell Dev Biol, 2021, 9: 642533. doi: 10.3389/fcell.2021.642533.
Takematsu E, Massidda M, Auster J, et al. Transmembrane stem
cell factor protein therapeutics enhance revascularization in isch-
emia without mast cell activation[]J]. Nat Commun, 2022, 13(1):
2497. doi: 10.1038/s41467-022-30103-2.

I, XSG, o 2L, 45 AR A %0 PN AR A GRS A
RIS HE 1 HORE I S CD133+ 41 i B9 A LRz )], P AE i
2 2% i, 2011, 32(5): 326 -330. doi: 10.3760/cma.j.issn.0253 -
2727.2011.05.009.

Yan X, Liu B, Lu SH, et al. The effects of stem cell factor on prolif-
eration, transmigration, capillary tube formation of endothelial
cells and on the chemotaxis of CD133 + cells[J]. Chin J] Hematol,
2011, 32(5): 326-330. doi: 10.3760/cma.j.issn.0253 -2727.2011.
05.0009.

Mu X, Shi L, Pan S, et al. A customized self-assembling peptide
hydrogel-wrapped stem cell factor targeting pulp regeneration rich
in vascular-like structures[J]. ACS Omega, 2020, 5(27): 16568 -
16574. doi: 10.1021/acsomega.0c01266.

IV R, A, TR IE, S5 1 SR SRS T A S B T RS Tk
1 B I ZS 2 R[], 1 B BITR, 2021, 29(10): 656-662.
doi: 10.12016/j.issn.2096-1456.2021.10.002.

Sun JX, Li YP, Pan S, et al. Effects of graphene on the prolifera-
tion, migration and morphology of dental pulp stem cells[J]. J Prev
Treat Stomatol Dis, 2021, 29(10): 656 -662. doi: 10.12016/].issn.
2096-1456.2021.10.002.

Widbiller M, Schmalz G. Endodontic regeneration: hard shell, soft
core[J]. Odontology, 2021, 109(2): 303-312. doi: 10.1007/s10266-
020-00573-1.

Yan H, De Deus G, Kristoffersen IM, et al. Regenerative endodon-
tics by cell homing: a review of recent clinical trials[J]. J Endod,
2023, 49(1): 4-17. doi: 10.1016/j.joen.2022.09.008.

Wu Y, Li B, Yu D, et al. CBX7 rejuvenates late passage dental
pulp stem cells by maintaining stemness and pro-angiogenic ability
[J]. Tissue Eng Regen Med, 2023. doi: 10.1007/s13770-023-00521
-4.

Gong T, Xu J, Heng B, et al. EphrinB2/EphB4 signaling regulates

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

DPSCs to induce sprouting angiogenesis of endothelial cells[J]. J
Dent Res, 2019, 98(7): 803-812. doi: 10.1177/0022034519843886.
Oh M, Zhang Z, Mantesso A, et al. Endothelial -initiated crosstalk
regulates dental pulp stem cell self-renewal[J]. ] Dent Res, 2020,
99(9): 1102-1111. doi: 10.1177/0022034520925417.

Zhang Y, Liu J, Zou T, et al. DPSCs treated by TGF-@1 regulate
angiogenic sprouting of three-dimensionally co-cultured HUVECs
and DPSCs through VEGF - Ang-Tie2 signaling[J]. Stem Cell Res
Ther, 2021, 12(1): 281. doi: 10.1186/s13287-021-02349-y.

Kim CK, Hwang JY, Hong TH, et al. Combination stem cell thera-
py using dental pulp stem cells and human umbilical vein endothe-
lial cells for critical hindlimb ischemia[J]. BMB Rep, 2022, 55(7):
336-341. doi: 10.5483/BMBRep.2022.55.7.003.

Parthiban SP, He W, Monteiro N, et al. Engineering pericyte-sup-
ported microvascular capillaries in cell - laden hydrogels using
stem cells from the bone marrow, dental pulp and dental apical pa-
pilla[J]. Sci Rep, 2020, 10(1): 21579. doi: 10.1038/s41598 -020 -
78176-7.

Zhu SY, Yuan CY, Lin YF, et al. Stem cells from human exfoliat-
ed deciduous teeth (SHEDs) and dental pulp stem cells (DPSCs)
display a similar profile with pericytes[J]. Stem Cells Int, 2021,
2021: 8859902. doi: 10.1155/2021/8859902.

Delle Monache S, Martellucci S, Clementi L, et al. In vitro condi-
tioning determines the capacity of dental pulp stem cells to func-
tion as pericyte-like cells[J]. Stem Cells Dev, 2019, 28(10): 695-
706. doi: 10.1089/sc¢d.2018.0192.

Pan S, Dangaria S, Gopinathan G, et al. SCF promotes dental pulp
progenitor migration, neovascularization, and collagen remodeling
- potential applications as a homing factor in dental pulp regenera-
tion[J]. Stem Cell Rev Rep, 2013, 9(5): 655-667. doi: 10.1007/
s12015-013-9442-7.

Mu X, Liu H, Yang S, et al. Chitosan tubes inoculated with dental
pulp stem cells and stem cell factor enhance facial nerve-vascular-
ized regeneration in rabbits[J]. ACS Omega, 2022, 7(22): 18509 -
18520. doi: 10.1021/acsomega.2¢01176.

Cucco C, Zhang Z, Botero TM, et al. SCF/C-kit signaling induces
self-renewal of dental pulp stem cells[J]. J Endod, 2020, 46(9S):
556-5S62. doi: 10.1016/].joen.2020.06.035.

(45 FEELE)



