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Abstract ; Prosthetic loosening and periprosthetic inflammation, as serious complications after joint replacement
surgery, often require the secondary surgery for repair, which is easy to adversely affect the physical/mental
health and economic status of patients. Studies have shown that the functional phenotype expressed by
macrophages by different stimuli, namely macrophage polarization state, prolonged M1 polarization can lead to
the continuation of long-term inflammation, while timely and effective M2 macrophage phenotype will lead to
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enhanced osteogenesis and tissue remodeling cytokine secretion and subsequent osseointegration, which play a

crucial role in the development and outcome of prosthetic loosening and periprosthetic inflammation. The local

micro-environment of extracellular matrix (ECM) is an important factor in the activation, migration, proliferation

and fusion of macrophages. Researchers have deeply understood it mainly through the crosstalk between surface

properties of biomaterials and macrophages. As an effector cell, macro-phages can perform complex

spatiotemporal cellular functional responses by sensing the physical and chemical environment ( surface

topography, wettability, chemical composition, biological proteins ) represented by surface properties of

biomaterials. This paper summarizes the recent findings on macrophage polarization and material surface

properties.

Key words: prosthesis implantation; functionalized surface; surface properties; macrophage polarization

B KT 4 (osteoarthritis, OA ) & — Fl ™ B 52 1
SRS IR R OC IR AT RS . ok A b [
5 9% % i8 B¢ W £ # 4% % ( China Health and
Retirement Longitudinal Study, CHARLS) #5745 %
SR, TR EROCTRERYE OA AR 8. 1%, Tl
112020 4F OA K¢ 5S4 RERPER , 45 83
FEERE 2 U E K& i1 pEE R &
X B S AR S AR ) T e DR IR, T
KT BB ARANE AR OA WL LA BIRIT I
L N H AR )Tz, AR S TG B 4 AR B AH G
FARI I RE—ER AR Bl S ABAA & R 2R & M 48 A B
ZHIE

B IR A S NS 1 A, T 2L
REEAAAYAEHAAE YIS ER ER BT, A
TR B AR B BN A AR AR S, 410k
V7R TSR U151 R A i i I KR K
I BRI 2 RAE RO FERS 1 SR SUA
KN, fE EM MRS (HEA TEEN F4E
IR AMA 85T WA ) IR R A A ) SR, %)
JR AR B e A e, o (R o FE DT
PG B9 LN P v Pk 200 MR Ry 3 8 58 1k 2
JHL, I X BRAZ A AT 5 L KR AR TR 7 ) 7 A A
WEAE ] . AR SEEE IS | Bl =2 i ok Y S M RS M AR
FR) 7 B R B IO T AR B A R 2R Rl P
BT JO R B2 LA B A R S 7 3 BT i g s ]

EA MR, B FHEA Y TEA AR S AT 5]
AL B9 T A5 SR 28 S R REL AR AS [] 4 26 T
PEFNAES AL BEAS 52w LR B K TR, A1k Y B W 20
MIAELH NI AT WA 5 0548 5 i A v 2 % AR
FHSY WA 0 oAy — b T B AR i Y [ A e

AN, e A AN SE RS | S A B A )RR BE
e B 356 J5T K f B 458 44 L XL A 52 i, 1S 38 M1/ M2
B A Ab 2 Y, 2 5 Jmy 0 48 0 L 0L 1) A e, oy
Bl 00 B A G PR AL S N A B A 5 IR 5K,
M1/ M2 E W20 Bk A b T 8l A i vh |, 3R i TE] 1Y
M1 7Y 3 A L Ak, 2 5 B0R ER AR AR S B4R E i
FEAH, 51 A AR B 5 | e 287 A AR AR A Bl 5 T 42
K RIY M2 7Y 5 0 20 i 7 Ak, W) 7 S B0MER A ]
BB A R R R R ik, 2 E-
FE AT R PR 45 16 B R IR M1/M2 I 4
WALRA A D I 8 2 OCE S,

A=A RE B AL 1) B A S5 R R Y A A S g
F AT BB AE T, SRR 5T IE 2 R T e A1
et/ LS NS UL () A (ENE N1 ¥ <}
K B g0 R FE A AR A L B 0 8 BF 9 A A
DR I, B 4 b & AE VB A 5 e 2 B 5 - A A, 7
ARG YR E AR L,

1 SR RmE TR

1.1 EREMAERLES

3 0 24 2 1A R 2 %) 40 L, F TR 10 B A%
HRAIFIIR NG BRSBTS SR B v AT S X R
U5 T IR EE B AN [ R8, 25 e Hb fih 2 Sy 28 3L
TE ) M1 Y I A R 22 2 s 19 M2 A4 I 4
JELT MI-M2 53k R T W L A 58 95
P G A G I [T R S e = 3 N M A
BRI O T A A A RAE I H B

M1 HY I 2H A SRR 28 B S AY f AORE Y R
i 458 15 B B W A L, F R IR 22 B (lipopolysacch-
aride, LPS) . T4 % (interferons-y, IFN-vy) 5% 41 ity



X% EYERiThER L R EX E R AERAL AR R R
LIU Yang, et al. Research Progress on Regulation of Macrophage Polarization by Biomaterial Functionalized Surface 467

PRlF-(4n TNF #1 GM-CSF) BRI 5=, M1 41
i 4% 15 98 K A6 B 7 (tumor necrosis factor-at,
TNF-a) . INDO afk A+ 11 ( chemotactic factor 11,
CXCL11) | #a 4k A ¥ 221K 7 ( chemokine receptor 7,
CCR7) . 14 & 12 (interleukin-12, IL-12) . F14¢
R 23(1L-23) fRRIEFFr & 10(10-10) &8, 25
IV e R IR e =W =N R TR N | B e 1 I S A
(IL-18 \IL-6) 1Y 8 2R IR A, ZE AL 11 Th J2 J
HEL 7 S NSO A A D, DR A S A e R
FAOGHgE 1

M2 B A0 SRR S O B AR AE AL R
SEMEE T E MR, 0 & 2 FE 2R HE 28 B /Y
FUREANA, 31X L6 F W0 A h TR AN B i T
FA R 4 (IL-4) . HA R 10 (IL-10) . H A &K 13
(TL-13) FIVRE R i R iR B e (4R 3R D, ) SR 55
WAl 7 2kl E R R A A i Y T
(transforming growth factor-B, TGF-B) . F. W 4 ffd %
Jit 5 H 10 ( macrophage inflammatory protein-10,
CCL10) E R4 RAEH M 18 (CCLIB) I IH KR
& (scavenger receptor, CD36) . H &5 4 Fl 2 7| A 7Y
ZAR, M2 B WA A B T A SUE &, 1 BE i 4
AR
1.2 REEHR

E R A0 e B R A ) B A B AR S R/ AR
YikrkbEE & o B AR, MR R YRR A
PR B 22U L I 3 240 L 30 5 A ) 3% T
AR, HE AR TR ) B 5t mT BRI T
MR R B AR Ak, ] Gn 40 A1 3 i (extracellular
matrix, ECM) 3 254 JE 25 | I8 58 M3 T 4 2%
Xt AR AR S 7 A R R 1 A e g B P 2
R BN 28 T A AT O R R
Z—
1.2.1 AR @AE  Blakney &5 {5 [F) 6 & 5L %
RO BEKEE IR T WA B AR 45 T R 2 HE
PR, B RE TGRS 32 38 i, (IR AE B2 (130 kPa) RE S FEAIR
L I 4T B 8475 T 70 ) TNF-o TL-1B8 A1 L6, %5
R (240,840 kPa) I 2 30 Sy [ Wiz 4 i 12 48 R 1Y
HA T I RAE M A ¥ Wb it [) B3R BIF Y
FH B 3 S B X ) K [R], Sridharan %77
Okamoto 28" WF5E & P, SR A FE (11 kPa) A1 rpAg B
(88 kPa) 5 P s Tk fiiz 7K ik Je 3 Tt 5 W 240 i o )

THiR G ERVERRA, @A (323 kPa) RN
Wi T i 7K R P 3 T 5 | O 1 W 4 G ) A A e AR i
Qin 2512 75 57 /)N R RS B S X 1] (0. 5~ 50 kPa) ,
Fb N ) b I B ) — o o5 AN [l 6 I W 4 A
AR RS2 | Y082 3] il 2 5 PG BB 32 1, 8 ol 2R —
FHJLRESE B (PDMS) [ (41.8+1.4)kPa] | B W40l
A3 WA AR 48 E Bl F——1L-6 5 TNF-o & T 5k i
PDMS[ (14.1£3. 1) kPa ], 3K 2-H 5 77 45 1k 2L
T2 IR 8 s LA v A 0 R R 143k, B LA o
Y M2 4R

1.2.2 A @i E Wang ST FY A I B 5 AR
(tritolyl phosphate, TCP) | #ll 5% £k 3% T ( polished
titanium, PT) WERPER PR FE 1 ( sand-blasted large grift
acid-etched , SLA ) 3 Fp A~ [a] MRS 2 5% 11 & 2R, AH B
SLA HA US4 B 20 i 5% A o A R 5E M1 AR g
20 P R A T IS TP A AR S E RN 4 A DG 40 i
ARG 3k — 30, [RIEE, HEURE B A7 ok (1 Mo JE %

VR HLA B AR 72 R 6 h NI Jo B B AR Ak,
WM FE 24 ~48 h HA7 i 35 ) e Ak IR B 40 i R 43
WAPR G rm A=) i M T S R I A A Ak S e
Tk A 7 40 R S N R R B A ML 40 R
LRI TR D 0 T R, M2 4 SR Al K R
AR Li S R, LUK [RHURE B B0 Ak i
JREAE S YIE R ECM R 5T, bl 5 RS
BN AR TR SRR BE R (8.31£0.21) L (12+
0.36) wm | 1Y F W 20 g 73 06 1) TNF-o0 F1 1L-6 BH 5
S s ARCORE R B2 R T [ (0. 92£0.05) , (6.41
0.15) wm] B W45 WA R TL-4 1L-10 W7E 6 d J&
B 5 A AN A R B R B S AR
T U B SR A S A 2R B TR, [ ek 2 1 o o
VFZ S, 1 Zhang %1 i — 25 520036 UF 35 181 M
(e E I 200 A s M2 AU AR it M1 M2 B
WL RO B DNA & i R PR Al M I o i
DR 22353 A e i G €2 | AT 15 05k 200 A 1 26 R b
b, K BUAF AR B 25 B X 1R) , BRS040 A%
PR A2 1 2 T 45 AR S, ORDRE B 3R 1T [ Ra =
(0.51~1.36) um;Sa=(0.66~2.91) pum] [T
AT PR SRR PR BT AR M A PR 4 0, B
D] 3 8 A 28 T s 2 400 1940 38 3O 280 BRF 19 15 1 200 i o
M2 F RN AL, X — & 05 AR 0 ) A
TEHURE BE ARV A, B Albrektsson 2528 fif 55 fRHLRE



EREMAE $£36% F3H 202156 A
468 Journal of Medical Biomechanics, Vol. 36 No.3, Jun. 2021

BE PR EHP RS F2 1 (Ra:0~0. 4 wm) , i RS
KM (Ra:0.5~1.0 um) , P ERHBERA (Ra: 1.0~
2.0 pm) L S HUBE R TH (Ra: >2 pm)
1.2.3 £ @ k4L Mahon 5% Frég atnd 40K
TR RE % 38 i 12 o N I 20 e o ) M2 B Ak, IR
G5 S R F cMaf M3 5Bt 48 40 i IR+ 1L-10 1™
e A E B8 T 40 B ( bone marrow stem cells,
BMCS) B E AN B AR M4 2 B, He 257 B
LR 100 nm ERA9 KA 75 5 B W5 20 At 5 1) M1 Y
WAk & e | A & B, [6] IFN-y/LPS [ RS A,
i 38 iF FAK-MAPKs {55 (JNK fl Erk1/2) &5
NT-100 i SH9 B W4 M1 # 4k, Luu 250 @
TR A HEIOK 2 F K 2% 55 A VTR (0. 15~
50 wm) , & A R G 52 ) L AR AR A SET
MR AR, IR B X4Z ) 7E 400 ~ 500 nm FE J& (1)
T e TG 00 Y e 8 B T 0 | LT 2R 40 i I
T IL-10 b it e i . A DR SR 48 — B0 & #1,
A LA 1 3 1A 4 R A U 114 ) i 2 1, ) 4 i
R RNk
1.3 RE#EFMEEG

AN BT A Wb R R TS, 158 2 0 L
& AR A AR ARG R, X PRt AR EEE R
e AR SR B Y, BT HUR A A Y PR
SR ) RS TS A D0 32 A ) B A M R BE Y
SHL, AR ) 2 A% BE R AL T 26 B 2R Al
IR EH A7, BT PEAE A R w4 TR 4R S5 40
MBI T A AR A P 44

A WEFETE 1 TIE 2 1V PR X F I A0 B A Ak 1Y
SRS A B, SR KPR TS S 10 1 I A e 7% f 25X
THR M2 FRRAS 3N T A3 114 1L-10 7KF,
T AL 7K A P R K 28 T B i A Bk R A S T R
PEEWEAN M (M1 B8 306, HBLA A & IL-1B . 11-6
FITNFo KT, e, 3R T M 6T 0 448
P AR 1 TR 45 B TR RS, 5% /K 3% T e ]
REA I 2 2 1 40 Bl BF 7 A 4k B 7 (U TNF-ac
IL-1a JL-18 AT CCL-2) AR ik — W a
TESIY)SL86 2 mAS 2N B UE R, FOvE A0 i oA A
PEYE Y E 7, TGF-B1 MY/ W RE SR i B I &S &
H: 5 1 2 (bone morphogenetic protein-2, BMP-2) fif)
B, T A 7 R 5 ) Tl e R i 3
LS EE S AR SR ] — 2, B A Y

RAE 43 W55 B 5 09 B 3 Al BB AHOCET . Lock
GRS A I W P R L A AR ) f) 2% THT 2R A T I 44
HEAR A BLSGUE , 266 BN T S KRN 9] 88 7 R T B A%
Wi 20 B T BT AAE R — 1 AL A 2R 10 (1L-10) 3k
B TN, LA R 3R T A P Y R AN B
AM b A AR, AR, B T OROK BB &
THT B 200 B T, A A 3R O8 (IL-8) Ay SR A W
FEAR o
1.4 {LZEAEK

A= PR RL 2 T Ak 2 2 52 T 240 S I Y R R 2
— B R W ST R I I R A B
AL G 2 1 BT 4 5 7 et 2 T 9005 6 2 44 L 1) 47
N R BOE A R 3 T A B 23 2 Bk B A
73 T PR 2R B 5 0 9 2 TP S (R T R L
i JEASEE) A E B (BRI A
FRIER) AT ) DL AN A 4F CIELRE W pH {5
TORPEAR) o KL PRI ZK LA PR R) 5 =X men 4 1 B
BEF

FBHF 58 TE LE 8 AUAH % 2 £5 ( biphasic calcium
phosphate, BCP) B B2 — 45 ( tricalcium phosphate,
B-TCP) F2FEMk K A7 (hydroxyapatite, HA) 3 Fiifb 2
R T I LSS 21 - SURF PR 815 AN AN EL AT G 7 19
VoS, i B TR ARGT CD206" M2 HEIAR LE
15 B WL =55 ( B-TCP ) FHLH 5 1) & BURAH S 1Y
et oA BB R B S, BN CCRT™ (5 5 Y
— AL A A B (INOS™ ML) BEA L2 T I e
202 LN T B-TCP R I H% 728 M2 Y 5%
5 EERURAZ 1K ( calcium-sensing receptor, CaSR ) i 1%
RIS A G, B-TCP L 3% 19 T BMP-2, 3%
BIE W i o B8 2 55 1 B-TCP LAY B i
TR R Ak Y o B R R ( hyaluronic acid,
HA) B4 0] LA 3 4 TL-6  TFN-y FIHLRZ 40 i
#aft 25 1 1 ( monocyte chemoattractant protein 1,
MCP-1) 451 M1 {54k, #£ 2=9% F M2 AHSCAN RN
F IL-10 (43 I8 K P-4 0 LA AT R A 1 A A
BiK B TR R (D-PHL) 3R, 5SALGFR A RAK
LN TN FEAE L, B I A0 A S s 2 AR A i 5
(TNF-a IL-1B) 7333k /b, T4 48 40 L A 5 (1L-10)
Y UABEIN 3 T R A U BT T R R
B & T ) SO LA RS T R A0 A
AR



X E AR R E X B AR AR IR R TR
LIU Yang, et al. Research Progress on Regulation of Macrophage Polarization by Biomaterial Functionalized Surface 469

1.5 HMrEs

Pérez-Calixto 25 38 13 XF % 9 45 ( polypropy-
lene, PP) Fll & MU 5 £ ¥4 ( polytetrafluoroethylene ,
PTFE ) 2 T it f1n A 2 S 2 T 422 AS [ e 5 2 2 1Y
RBILE REALIE S BH LAY 5 (fibrinogen, FB)
1 PO B A e R 5 A9 1LY 2 A (bovine serum
abumin, BSA) WRGE T, 384 40 AR 53 A i M1
1 M2 #Rid (1L-6 1L-10  1L-12 IL-1B . INF-y , TNF-«
4 @ FE i 25 B 8 ( matrix metalloproteinase-8,
MMP-8) W5 W B g 41 B 4 Ak, Horh Bt R Anic W
(IL-10) W= A= 1A 26 5 (B 52 BT e AR OC 1Y
52 A G 1) 4 i R 7K F, JEH 2 TNF-a
IR, Fuchs %6738 i i R IL A IE B B 1L
RR M I AKIIORL A IR . AN RS 1 R OR LM 2
KIBURE BAT D Bt | SRR 0 90 K JS0REL 1) BH 25
TR B 2R Re AL AR R Z 0 M2 A Ak, SRR
4 FE TE AR ) CD200R A1 CD163 (130, R it
1L-10 4335t g il ; v He v BH B8 7~ PS-NH, 409 K i
iR % IR AT s MR M2 5 W 40 i A A W A
FIE+ PS-COOH 44 2K FUkL il ¥ 28 11 5t 45 %, W il
BEIMPIA ELVEAR R ZH T A ATP % 8, Dl AR AR
FH, 138 m M1 &Y B W 48 j 53 W6 79 TGF-B1, Tan
SIS BMP-7 R N i 5 MR R A SRR 4 A 3k
Wik fr 3L i b, WAL B WA i B 8 h 5
(Toll #£Z 1k 4) TLR-4  TNF-o 4fi il [ 1 F11 MCP-1
LR 7 Y 2 3k B A HL B A 7] B K M 3%, A
10 pg/mL BMP-7 RR¥REE T /9 8 h N, 5 X R4 &
LPS 4b ¥ A9 RAW 264. 7 #i 1, TNF-a . MCP-1 TLR-4
IREIR T 2 5

2 RESRZE

BEE BHE R A, A= Wy b LA 15 B ali 40 < A
PE” BB R, A 1 8 2 RE 1R fg, JF &
T ST RE AL 14 286 28 AT BE 2 PR HC 300 FH kAL A 19 i
P ASE T A AR LR A, Ak 2o 3 SR BOAS [ 19 Ak
7 3 CTARIR I | FH 2 7Sk RGP HOL )
X R MPERE (SRR TR Ao 4 AR R
H) AT A A 0, RS PR R T e R T,
ASCIFE T A 2 ZUR 5C B 20 i A Ak it R M RE A9
FHORINZS  O0 T 4R AR 254 A D) BE o8 B4k 2=
REE, XIORE AP ER R BRI, T

200 0 e A DI DA L ) 4 LR 200 i A 05 v B
R BRI O£ S, T R 5k 6 A 8, O X LA
HARFNE . PR, AWt 47 = B 08 5, 3R
PEREA T, DUk L3R 52 R 3R A0 el e E s 2 1R e
A AN MISNEE BRI AR W2 R TR JEE
LSRR W 20 M0 15 5 PR A5 T 4 fr) 58 A
PaL: L IR QISP L /SR SR DL 6 5

S

[ 1] TANG X, WANG S, ZHAN S, et al. The prevalence of
symptomatic knee osteoarthritis in China; Results from the
China health and retirement longitudinal study [ J]. Arthritis
Rheumatol, 2016, 68(3) . 648-653.

[2] WARESSER S KA A. B X REITIEME
(2018 4FR) [J] P AE-E Rl 24k, 2018, 12(38) ; 705-715.

[3] HUZ, WU D, ZHAO Y, et al. Inflammatory cytokine
profiles in the crevicular fluid around clinically healthy
dental implants compared to the healthy contralateral side
during the early stages of implant function [ J]. Arch Oral
Biol, 2019, 108. 104509-104516.

[ 4] TAHERI M, AKBARI S, SHAMSHIRI AR, et al. Marginal
bone loss around bone-level and tissue-level implants. A
systematic review and meta-analysis [ J]. Ann Ana, 2020,
231. 151525-151536.

[5] JURCZAK P, WITKOWSKA J, RODZIEWICZ-
MOTOWIDLO S, et al. Proteins, peptides and peptido-
mimetics as active agents in implant surface functionaliza-
tion [J]. Adv Colloid Interfac, 2020, 276 102083-102103.

[6] TALHA M, MA Y, KUMAR P, et al. Role of protein
adsorption in the bio corrosion of metallic implants: A
review [ J]. Colloid Surface B, 2019, 176 494-506.

[ 7] ARAUJO-GOMES N, ROMERO-GAVILAN F, ZHANG Y,
et al. Complement proteins regulating macrophage polari-
sation on biomaterials [ J]. Colloid Surface B, 2019, 181
125-133.

[ 8] KASTELLORIZIOS M, TIPNIS N, BURGESS DJ. Foreign
body reaction to subcutaneous implants[ J]. Adv Exp Med
Biol, 2015, 865: 93-108.

[ 9] UNDERWOOD RA, USUI ML, ZHAO G, et al. Quantifying
the effect of pore size and surface treatment on epidermal
incorporation into  percutaneously implanted sphere-
templated porous biomaterials in mice [ J]. J Biomed
Mater Res A, 2011, 98A(4) : 499-508.

[10] HYEONG-CHEOL, YANG, CHUL H, et al. Immunomodu-
lation of biomaterials by controlling macrophage polariza-
tion [J]. Adv Exp Med Biol, 2018, 1064 197-206.

[11] TANG D, TARE RS, YANG LY, et al. Biofabrication of



ER4EMPE $£36% F£3H 2021F6A

470 Journal of Medical Biomechanics, Vol. 36 No.3, Jun. 2021
bone tissue: Approaches, challenges and translation for investigation on titanium surfaces [ J]. Clin Oral Invest,
bone regeneration [ J]. Biomaterials, 2016, 83 363-382. 2018, 22(2) : 847-857.

[12] YANG HC, PARK HC, QUAN H, et al. Inflammatory [25] MARIANI E, LISIGNOLI G, BORZ RM, et al
macrophages  facilitate  mechanical  stress-induced Biomaterials: Foreign bodies or tuners for the immune
osteogenesis [ J]. Aging, 2020, 12(4) . 3617-3625. response? [J]. Int J Mol Sci, 2019, 20(3) : 636-677

[13] FUNES SC, RIOS M, ESCOBAR-VERA J, et al. [26] ABARICIA JO, SHAH AH, CHAUBAL M, et al. Wnt
Implications of macrophage polarization in autoimmunity signaling modulates macrophage polarization and is
[J]. Immunology, 2018, 154(2) . 186-195. regulated by biomaterial surface properties [ J ].

[14] SHAPOURI-MOGHADDAM A, MOHAMMADIAN S, Biomaterials, 2020, 243. 119920-119936.

VAZINI H, et al. Macrophage plasticity, polarization, and [27] LIJ, ZHANG YJ, LV ZY, et al. The observed difference of
function in health and disease [J]. J Cell Physiol, 2018, macrophage phenotype on different surface roughness of
233(9) : 6425-6440. mineralized collagen [ J]. Regen Biomater, 2020, 7(2) .

[15] SHRIVASTAVA R, SHUKLA N. Attributes of alternatively 203-211.
activated (M2) macrophages [ J]. Life Sci, 2019, 224. [28] ALBREKTSSON T, WENNERBERG A. Oral implant
222-231. surfaces: Part 1-Review focusing on topographic and

[16] MEHLA K, SINGH PK. Metabolic regulation of chemical properties of different surfaces and in vivo
macrophage polarization in cancer [ J]. Trends Cancer, responses to them [J]. Int J Prosthodont, 2004, 17. 536-
2019, 5(12); 822-834. 543.

[17] HAGERT C, SAREILA O, KELKKA T, et al. The [29] MAHON OR, BROWE DC, GONZALEZ-FERNANDEZ T,
macrophage mannose receptor regulate mannan-induced et al. Nano-particle mediated M2 macrophage polarization
psoriasis, psoriatic arthritis, and rheumatoid arthritis-like enhances bone formation and MSC osteogenesis in an
disease models [ J]. Front Immunol, 2018, 9. 114-120. IL-10 dependent manner [ J]. Biomaterials, 2020, 239.

[18] ZHANG H, WU X, WANG G, et al. Macrophage 119833.
polarization, inflammatory signaling, and NF-«B activation [30] HEY, LUO J, ZHANG Y, et al. The unique regulation of
in response to chemically modified titanium surfaces [J]. implant surface nanostructure on macrophages Ml
Colloid Surface B, 2018, 166; 269-276. polarization [ J]. Mater Sci Eng C Mater Biol Appl, 2020,

[19] ZHANG Y, CHENG X, JANSEN JA, et al. Titanium 106 110221.
surfaces characteristics modulate macrophage polarization [31] LUU TU, GOTT SC, WOO BWK, et al. Micro and nano-
[J]. Mater Sci Eng C Mater Biol Appl, 2019, 95. 143-151. patterned topographical cues for regulating macrophage

[20] BLAKNEY AK, SWARTZLANDER MD, BRYANT SJ. The cell shape and phenotype [ J]. ACS Appl Mater
effects of substrate stiffness on the in vitro activation of Interfaces, 2015, 51(7) : 28665-28672.
macrophages and in vivo host response to poly ( ethylene [32] MELIV S, VEERASUBRAMANIAN PK, ATCHA H, et al.
glycol)-based hydrogels [ J]. J Biomed Mater Res A, Biophysical regulation of macrophages in health and
2012, 100(6) : 1375-1386. disease [ J]. J Leukocyte Biol, 2019, 106(2) : 283-299.

[21] SRIDHARAN R, CAVANAGH B, CAMERON AR, et al. [33] HOTCHKISS KM, CLARK NM, OLIVARES-NAVARRETE
Material stiffness influences the polarization state, function R. Macrophage response to hydrophilic biomaterials
and migration mode of macrophages [ J]. Acta Biomater, regulates MSC recruitment and T-helper cell populations
2019, 89. 47-59. [J]. Biomaterials, 2018, 182. 202-215.

[22] OKAMOTO T, TAKAGI Y, KAWAMOTO E, et al [34] ALFARSI MA, HAMLET SM, IVANOVSKI S. The effect of
Reduced substrate stiffness promotes M2-like macrophage platelet proteins released in response to titanium implant
activation and enhances peroxisome proliferator-activated surfaces on macrophage pro-inflammatory cytokine gene
receptor gamma expression [ J]. Exp Cell Res, 2018, 367 expression [ J]. Clin Implant Dent Relat Res, 2015, 17
(2): 264-273. (6): 1036-1047.

[23] QIN X, SENTURK B, VALENTIN J, et al. Cell-membrane- [35] HOTCHKISS KM, REDDY GB, HYZY SL, et al. Titanium
inspired silicone interfaces that mitigate proinflammatory surface  characteristics, including topography and
macrophage activation and bacterial adhesion [ J ]. wettability, alter macrophage activaton [ J ]. Acta
Langmuir, 2019, 35(5) . 1882-1894. Biomater, 2016, 31 425-434.

[24] WANG X, WANG Y, BOSSHARDT DD, et al. The role of [36] HOTCHKISS KM, AYAD B, HYZY SL, et al. Dental

macrophage polarization on fibroblast behavior: An in vitro

implant surface chemistry and energy alter macrophage



X E AR R E X B AR AR IR R TR
LIU Yang, et al. Research Progress on Regulation of Macrophage Polarization by Biomaterial Functionalized Surface 471

[38]

[39]

[40]

[41]

[42]

activation in vitro [ J]. Clin Oral Implants Res, 2017, 28
(4): 414-423.

GUDER C, GRAVIUS S, BURGER C, et al
Osteoimmunology: A current update of the interplay
between bone and the immune system [ J]. Front
Immunol, 2020, 11 58-76.

LOCK A, CORNISH J, MUSSON DS. The role of in vitro
immune response assessment for biomaterials [ J]. J
Funct Biomater, 2019, 10(3) . 31-45

OTHMAN Z, CILLERO PASTOR B, RMT S,
Understanding

et al.
interactions between biomaterials and
biological systems using proteomics [ J].
2018, 167 191-204.

GUO S, PRANANTYO D, KANG ET, et al. Dominant
albumin-surface interactions under independent control of

Biomaterials,

surface charge and wettability [ J]. Langmuir, 2018, 34
(5): 1953-1966.

CHEN X, WANG M, CHEN F, et al. Correlations between
macrophage polarization and osteoinduction of porous
calcium phosphate ceramics [ J]. Acta Biomater, 2020,
103 318-332.

CHEN F, WANG M, WANG J,
hydroxyapatite surface nano/micro-structure on osteoclast
formation and activity [ J]. J Mater Chem B, 2019, 47(7) .

et al. Effects of

[43]

[44]

[45]

[46]

[47]

[48]

7574-7587.
CHEN Z, WU C, GU W, et al. Osteogenic differentiation
of bone marrow MSCs by PB-tricalcium phosphate
stimulating macrophages via BMP2 signalling pathway
[J]. Biomaterials, 2014, 35(5) : 1507-1518.
GARCIA-GARCIA A, MARTIN |. Extracellular matrices to
modulate the innate immune response and enhance bone
healing [ J]. Front Immunol, 2019, 10; 2256-2263.
KLINDER A, MARKHOFF J, JONITZ-HEINCKE A, et al.
Comparison of different cell culture plates for the
enrichment of non-adherent human mononuclear cells [ J].
Exp Ther Med, 2019, 17(3) : 2004-2012.
PEREZ-CALIXTO M, DIAZ-RODRIGUEZ P, CONCHEIRO
A, et al
radiation and their influence on macrophage polarization
[J]. React Funct Polym, 2020, 151 104568-104575.
FUCHS AK, SYROVETS T, HAAS KA, et al. Carboxyl-
and  amino-functionalized

Amino-functionalized polymers by gamma

polystyrene  nanopatrticles
differentially affect the polarization profile of M1 and M2
macrophage subsets [ J]. Biomaterials, 2016, 85. 78-87.

TAN HC, POH CK, CAIl Y, et al. Covalently grafted
BMP-7 peptide to reduce macrophage/monocyte activity .
An in vitro study on cobalt chromium alloy [ J]. Biotechnol

Bioeng, 2013, 110(3) : 969-979.



