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[Abstract] Objective To investigate the effects of apoptotic bodies (ABs) derived from dental pulp stem cells (DP-
SCs) on macrophage polarization and inflammation response in vivo. Methods Human DPSCs were extracted, cultured
and identified. Staurosporine was used to apoptosis induction and differential methods were performed for ABs identifi-
cation. The in vitro cultured macrophages were divided into 3 groups: solvent control, lipopolysaccharide (LPS), and the
LPS+ABs. The macrophages were stimulated with LPS to induce inflammation followed by ABs treatment. In the untreat-
ed group, macrophages were added with an equal amount of solvent. The specific uptake of ABs by macrophages, the ex-
pression level of CD206 and the levels of inflammatory cytokines were analyzed. The mouse models of cutaneous
wounds and dextran sulfate sodium (DSS)-induced colitis were established, and the mice were randomly divided into 3
groups: the PBS-treated group, the DPSCs-treated group, and the ABs-treated group. The mice were injected with the
same volume of PBS, DPSCs and ABs, respectively. The body weight, histological pathology, the expression levels of
CD206 and cytokines, and the extent of tissue regeneration were measured. Results DPSCs and ABs derived from DP-
SCs were successfully isolated and characterized. ABs could be taken up by macrophage. While lipopolysaccharide
(LPS) induced production of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6), ABs significantly reduced the
levels of these pro-inflammatory cytokines and increased the expression of transforming growth factor- 3 (TGF-{) and
CD206 (P < 0.01). In the cutaneous inflammatory wound model, the wound closure rate in mice intravenously injected
with ABs was significantly accelerated (P < 0.05). The administration of ABs markedly reduced the pro-inflammatory
factors levels and increased the CD206" cell number. In the colitis model, treatment with ABs markedly reduced the
loss in bodyweight (P < 0.05), recovered the colon length (P < 0.01), and significantly increased the CD206" cell num-
ber. Conclusion DPSCs-derived ABs could enhance macrophage M2 polarization and attenuate inflammation. There-
fore, ABs could be used as a promising cell replacement for inflammatory regulation and tissue regeneration.
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sis; apoptotic bodies; tissue regeneration; stem cell transplantation; inflammatory regulation
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a: flow cytometric analysis of the cell surface markers showed positive expressions of CD90, CD73 and CD105, and negative expres-

sions of HAL-DR and CD45; b: representative image of colony formation of DPSCs (X 100); c: representative image of Oil Red O stain-
ing of DPSCs (X 200); d: representative image of Alizarin red staining of DPSCs (X 200); e: SEM image of DPSCs-derived ABs; f: the

size distribution of ABs; g: the Annexin V-FITC expression of DPSCs-derived ABs detected by flow cytometry; h: Western blot analysis
of Caspase-3, Cleaved Caspase-3 in DPSCs and DPSCs-derived ABs; ABs: apoptotic bodies; DPSCs: dental pulp stem cells

Figure 1 Isolation and identification of dental pulp stem cells and dental pulp stem cells-derived apoptotic bodies
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a : representative images of internalization of ABs by F4/80-positive macrophages (X 400); b: representative images showed the macro-

phage phenotype after treatment of ABs (X 400), quantitative analysis of the CD206-posotive population in macrophages; c: the detec-

tion of factors secreted by macrophages after administration of ABs by ELISA kit; “P < 0.01; CON: solvent control group; LPS: lipopoly-

saccharide; ABs: apoptotic bodies

Figure 2 Influence of apoptotic bodies on the phenotype of inflammatory macrophages

2 PAT/IMAKT S I Wk 240 2 R ) 5 i)

2.3 DPSCs kiR 69 ABs 123t % fk 4] & 69 A &

T HET DPSCs B ABs XA Py R i 2 i
PR, B e d s T /N BUET 3 R I B s A
JET0 dFN 3 d 43 il ik R ik 4 DPSCs 8% DPSCs
VR ABs , BN S5 AR R 3a IR o

B BRA T A A AR IR A R, 5 PBS 4 e,
DPSCs Fll ABs 7 5 20 /Iy B 11 A %) 3 5 B Jnd Jin b
(#13b) . Image J XTALA M AT LR R, 57T R
FIEE 12 K, DPSCs 2 1 ABs 41 & 1% S AH e F

PBS 203447 2 1 25 5 (8] 3c: 55 7 K DPSCs 4 P =
0.011,ABs 1 P=0.014;%5 12 K DPSCs 41 P = 0.026,
ABs#1P=0.041), 735, LI FR & 4/ RARE
T #E2ESF(K3d), ELISASSH B7R, 5 PBS 444
[t , DPSCs 41 F1 ABs £ TNF-a (DPSCs £ P = 0.002,
ABs #H P=0.002) FI IL-6(DPSCs 41 P < 0.001,, ABs 21
P=0.002) % # A%, TGF-B M W 7+ &5 (DPSCs 21
P <0.001,ABs 41 P=0.002) (¥ 3e) ., JaiiB iz di sl
VIR 5 e85 R woR , 5% AL AR e, DPSCs 41 F1 ABs



b

AlRE®KEE 202F 18 $£30%5 F1H

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2022, Vol.30 No.l

http://www.kqjbfz.com <17 -

ZHA CD206 FHYE 4N e B B £, 2 R A 50T
2% Y (DPSCs 4 P=0.005, ABs 21 P=0.001) ( ¥

@ DPSCs/ABs

treatment Endpoint
C57BL/6 Day 0 Day 3 Day 12

Time after skin defect

G 120p *

B PBS
S _ B DPSCs
E * B ABs
E —

= 6o

E

E

= 30

Day 0 Day 7 Day 12

m -*- PBS

== DPSCs
= ABs

Body weignt/g
) 9
S D

Concentration/ ( pg/mL)

0 3 7 10 12

Time/day

DPSCs ABs

0 PBS
-

o]

3f) o DL EZ5 LI T DPSCs S5 59 ABs A A AR A
S P T e s L A 2 e BRI B T ) A

@ _ Day 12
7 "o

(=)
(=3
[=}

I~
(=3
=]

[
(=3
=}

(=

(=3
=]
T

- 500p 20F
= 3
5,400 3 oo}
= a =
< 300 =
g £ oo}
£ 200} E
r = [}
: £ 30}
=] =
(=} (=]
o [

-l N o 0 -l ~ a O N o
Q\”‘%Q%c; N QQ’%Q%‘; N ?\”%\g%c’b N

80

ok

60

40

20

CD206 positive cell number

PBS DPSCs ABs

a: the schematic graph of the protocol of establishment and treatment for cutaneous wound healing model; b: representative images of

wound healing process of different timepoints in different groups; c: quantitative analysis of the wound healing rate in each group; d:

the quantification of body weights in different groups; e: concentrations of TNF-a, I1.-6 and TGF- in skin homogenate by ELISA; f:

representative images of the macrophages phenotype in the skin tissue after treatment of DPSCs/ABs (X 400). Quantitative analysis of

the CD206-posotive macrophages in skin tissue; P < 0.05, “P < 0.01; ABs: apoptotic bodies; DPSCs: dental pulp stem cells

Figure 3 Effect of apoptotic bodies derived from dental pulp stem cells on skin wound healing in mice
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a: the schematic graph of the protocol of establishment and treatment for DSS-induced colitis mice; b: the body weight loss of mice in

different groups; c: the disease activity index in different groups during the treatment process; d: histological structure of the colon

tissue assessed by hematoxylin and eosin (H&E) staining and the calculated histological activity index (X 200); e: quantitative analy-

sis of the colon length in different groups; f: representative images of the macrophages phenotype in the colon tissue after treatment

of DPSCs/ABs (X 400) and quantitative analysis of the CD206-posotive macrophages in colon tissue. ‘P < 0.05, “P < 0.01; ABs:

apoptotic bodies; DPSCs: dental pulp stem cells; DSS: dextran sulfate sodium

Figure 4 The protective effect of apoptotic bodies derived from dental pulp stem cells on DSS-induced colitis mice
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