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[Abstract] The traditional biological principle for developing bone biomaterials is to directly stimulate the osteogenic
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differentiation of osteoblastic lineage cells, the direct effector cells for osteogenesis. This strategy has been successful
for the development of bone biomaterials. However, recent progress in bone biology has revealed the vital role of the lo-
cal bone microenvironment, especially the immune environment, in controlling osteogenesis. Interdisciplinary osteoim-
munology has found that the osteoimmune and skeletal systems are closely related, sharing numerous cytokines and reg-
ulators. In addition, immune cells play an important role in the physiological and pathological processes of the skeletal
system, suggesting that neglecting the importance of the immune response is a major shortcoming of the traditional strat-
egy. Based on this principle, we propose a novel “osteoimmunomodulation” -based strategy to meet the strict require-
ments of new-generation bone biomaterials: instead of directly regulating the osteogenic differentiation of osteoblastic lin-
eage cells, we should focus more on manipulating the responses of immune cells and developing biomaterials to induce
an immune environment that provides conditions that balance osteogenesis and osteoclastogenesis for optimal osseointe-
gration. This article reviews the recent progress on osteoimmunology and immunomodulatory biomaterials for the genera-

tion of the “osteoimmunomodulation” concept. Additionally, the outcomes of “osteoimmunomodulation” -related studies

ment; Osteoimmunomodulation; Marcophage

have been summarized to guide the development of advanced “osteoimmune-smart” bone substitute materials.
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Figure 1  Strategy for developing bone substitute

biomaterials
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Figure 2 Effect of immune cells on bone dynamics
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Figure 3 Osteoimmunomodulatory properties of bone

substitute biomaterials

3.1 #MH R EMAES % E AT AR R

ARk 2 T L T P G A ke L R,
TENERE R TR A | e Aar 17 0 45 349 52 ) Ji] 161 2R 45 vh
G BE A ) A W 22 AT o — T & L M T SRR
FETAD , it 7K 3 T AT it ey PR A A0 A ) B R K P T
HEC SR 11 R 0 B g2 RO AR B R
PR 2 7K/ AR 3 SR W (2- HE 3R T 0 T 4R 2 R i R
B/ FE NI TR T g ) 2% 10 AH HL SRl 55K (CT 56
IR T W) s s K (3R 2R ) 3% 161 G 5 b 25 40 7 2R
220 M 5 5 00 2 B R T [ B X R A (A 4L 5
RER AR FE A L, 58 W o b ) 2 RE A 1L
6 . 11-1B Fl TNF-o AR IK o bR i) 2 THTRELRE B2
B 52 M) £ 922 240 JH 10 WO o6 5 0 o, il 5 HEL R 2 11 14
T, 505 00 b A S T A A B 0, Xk
2 T R A7 IR R okt Ak L A AR MRS B, T R



© 692 -

AE&EmMmEE 201811 A $260%5 HF 1158

i 20 i 5 o IR 7 S5 R A0 7 i R, LA e
PEPH IR o X T 2R I H T I O, — Bk Sk B
B TR H B S R A b M R R R AR 1E S
SR
32 MEeEE KRS SR AER

i T 2R R AR SURL RN R FE XS T A
92 S o B SR A R S S A AR
I, P8 3R G0 AR i TR R /N X R e AT 9% A Ak
FRUC I 2 M A SR S B AR A A, T DA A I A
KEARS wm A9 FURL, X 5 K9 J0RL, 05 40 1
Wb & I8 S Y B AN p ™ . X T [ 55 5 1 A
b, WO /)N, % 1R Ab 2 T R, AT R X
4B ) AR T v AR T R R e, B SR
TVERESY N AR R LR K A OB (1 ~ 30 pum)
FIE ) i e 28 A0 B ™ A B 22 1) 4 4% 40 B IR - (TN -
o IL-Ta IL-6) " HIX AN 3 B B0k 8 /)N JH o 3
FEA R G RV R R B AR NS R, N
D58 SR Wl Ay R D /N BRI T A T 40 i) R S
VAR
33 I BReILmE LEL LEIATAEA

LB R AL B A /N B AL 40 TR S A 45 Y
P AR S, P TR A S ZR I ST (5 1
WZEA L A AL B L) o s /NRFLBR AT RE
STE R E IR 5 AR L, 5 BUR A
B2 0T8 B SRR AAE RN, B 2TV 1 1R 2 I i ZE 1L
BRBE L 75 M A LB IR R (B[R] I R B
53 Al B 38 1o 2 I 40175 5 I F (hypoxia-inducible
factors, HIFs) , fie 2 ML 45 AL AR 2F 1A g, A5
FERY, BRI LR SR A F T 44
P A [l A s Iz 2 38 3k 1 A AL B R /)
5L BRI 30 2 (0 B SR BR B, T LA kE i
A S IR HE LA 10 5 B A
34 AMERBFHRME LIEATAER

UNYIIEEEE7/RER 95 | RS = AW S AW 2) ) T
S AT R BHE ZRE I AT B . A T 4B
PER S 0B AR WA R AR N 5 3 i B AL 2
VK S T A RO TS AR B
XL X T SR B A W oA R A B 5, &
ARENFERVIGE - BT BT s T
BB TS ] AR S A 0 M B T R A R
Wb,
3.4.1 Ca™  Ca eBERRES & A WG VEA B iy d 22
RS, 2 5 AR 4 8 Wit {5 538 % Wnt5A/Ca™,
PEIEGAE RN BRIEZ A1, R (5 mmol/L) )

Y B A1 Ca B 1348 v] 38 5 300 55 1% J8% 2 1R (CaSR)
SR NI /> TNF - o 8 36 35, DT sk 55 9% 9 2
I BN Ca FE TR G5 BN ) s B mT 3
3.42 Mg" Mg BAT 5 KRB AH I 10 Ay e g vk
KA AR AR A by T B fit 1) 4 U B R A BRI
TG R o Mg 25 1] 38 35 79 61 toll # 3Z 44 (toll-like
receptor, TLR) i #% , 411 ] 4 1 4 A I+ /9 4=
B RIS SR Mg 7 JR B AR IR 1 2
M RBEHCA e B A PER

343 Zn™ Zn AT LIS A 40 L R TL-10 AR
B, P/ TNF-o FTL-1B 357,

344 S© SRR —FhdE TR BA 1R HE R
TR TR B 200 B A P . AR Se A
BEE AR, 45 5 B R 7E 5 B VR EE (500 mmol/L) 5
RS ¥ 2 (10 mmol/L) 3155 v, HL ¥4 3 il B A2
20 B BT 2 40 L K T TNF-o BOPE ' . 42 2E
Wi M B 2T g RN A — RS
T AS TR A W T O R B A A S Tk B s ROk T
G JZETR IR B DT AR 2 5 T R B B TR AR ) T
PR ) E LA A SR

4 EF"BRREHARFAREZNEERMH
BN AR &
4.1 “FRBMIARERAEEE

KTFHRBEMESBRENX —FR LR, A
DRI ST 32 1, B 2R W R G s 08 1 i
R AL A B G e PR PERE” , o U8 A= W) 4 LA Y
G T A L )5 5 3 1 G T A B X B B e ik
TR SR PEAE O (K 4)

BB s R AR R RE T B A R Y
K TSI ) B G E A R B R AR R B AR
T S B AE R SATL B, 06 UF R 4 O 5 TR B 1
B I8 s O B G 2 A R, B AR R A G H bR
YA . Ay [l 22k — )2 [a) 81, A DR R A3 o i BT
B AR P B BT BRI R, R IE
W 240 L %) 928 B g S B R AU B R A D15 =
B 1R DGR . iR — 0 £ fofT 1 I 4 i £ M2 1Y I
RIS [ [ BMP-2 B 2635, 55 1 1Y f S8 A
55 0 2 1 412 1 MSCs 119 BB 434k, UE S 0 200 1t %
= A 1 BMP-2 75 R — 85 B W15 5 i v i o
R,

TN 76 2K W) 8 ) v, il 8 A Wl TR — 5 412
foff 15 W T B A ML A9 I B 5 A S B0 T A R E T
N K £ AE AL 2R W TR B, 8 3 Y O A 55 4 A



O EERAE 20184118 $£20% $£118

© 693 -

9,
J [ J 3
5 Mp. o .
B &) v )
> s J / 2
AT R KA L RN W'\ — &
ppnmn (@ 1675 1 - 4
BHi
i 5 B HHE R T R {2 33 ) 78 )i - 41 Jia
' S HEBR R

T G 5 TRl B I3 9 47 Y 0T e B 2 i
T L R A AR BEAL P RE , AL A

(o, ¥
5 2 i ” L 2 P T % LR P R 5 30 T i
"4 i | TR, 2 P R S R, M

7 2 3 18] 72 5 1 48 M e I 1) 1) 534k, 4
o B AR R 4 B R e
B4 T SRR R R
B EHIE A B
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