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Abstract

BACKGROUND: Bone tissue engineering is an effective bone defect repair program. Macrophages play an extremely important role in the immune response
after implantation of tissue engineering materials. Interfering with its different polarization states has become a key means to regulate the local immune
microenvironment.

OBJECTIVE: To summarize the important role of macrophages in the immune response after biomaterial implantation and the research progress in promoting
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osteogenesis by regulating the polarization of macrophages in bone tissue engineering.

METHODS: PubMed, Web of Science and CNKI were used to search the related articles published from 2016 to 2020. The retrieval article types were original
research works and reviews. The search terms were “macrophage polarization, M2, scaffold, tissue engineering, foreign body response, implant, surface,
bone” in English, and “macrophage polarization, M2, tissue engineering, foreign body response, implant, surface, bone” in Chinese. An inductive analysis was
conducted in the selected articles on the latest research progress in this field.

RESULTS AND CONCLUSION: The immune response plays an important role in tissue engineering and the regulation of the immune microenvironment is a key
means of promoting osteogenesis in tissue engineered bone. The method of altering the physicochemical properties of the material, such as hydrophobicity,

roughness and surface morphology has good stability for a long duration, achieves significant osteogenic improvements. Delivery of drugs, cytokines or
bioactive ions has also worked well, but suffers from short release time and susceptibility to denaturation. Another strategy is regulation by engineered cell-
macrophage crosstalk, where mesenchymal stem cells are highly immunomodulatory and can achieve immune modulation and bone repair promotion. The
new study highlights the important role of exosomes to achieve controllable modulation of macrophage polarization and immune environment.

Key words: bone defect; bone tissue engineering; macrophage polarization; osteogenesis; foreign body reaction; bone immunity; biological scaffold;

mesenchymal stem cell
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0 5|= Introduction

BE SR A RTINS TR RAFRFIK, 08
AT EXRAGRFda, REVEHTHMEL 9% etk
BARE BABAS KRG AE S A B IR, )oKk L R % . B4
gER. RAMEKARBHRBEATRGE. B, AR FHR
IRBEARG LT RBRARES R T E.

LR TAENG AT LN N RBAT R A B AR A
FEOEA, RRNAREHEOHEY. MEF LEFHEE,
S F BRI A TR h RS, BT TARS AN
TN, 3R R, wEEmIE. PHEMLEANFE
JERFLB Y ERL, HAFHRELFRRD TG FR D, Ka
B4 RIE R A5 TAL 40 iR AL B o 4 i B R A 4 fm S
FEYPH RO A HE D, FgEhEprrt s me s,
FHTARMFAANARM. T A 5TF 20 K IE RS IATRAD TR,
AR K I E % 4m e 69 ABACIR 253 KR BURL b SH A2 & R4kt
HHrh, EEmRE i 2B ERARESMLA, T 2EINY
PERAER, ARBEF-H0 K g R 6%, R AB i R RINE A
M2 A, £ 2RI AR AN, PR KR RO 6 IR SRR AT R
B W, BT E R AR, B B A IR
RBBFMBRA . FIF TSI ETETH.

ZGREANBT E R mRE A AR A B & 1E &
RERF AP HEENER, 2 BT LEITHAT ERmitiiil
KA T TS IR VAT AR 6948 £ AR R R

1 ERF5E Data and methods

1.1 BERER % —HT2020412 5 AMNALRE
PubMed. Web of Science #= CNKI £c3% & # % 2016-2020 44448
XL BK, BRIBRAH TS ER LIS EF, RO EE

%13 #: “macrophage polarization” “M2” “scaffold” “tissue
engineering” “foreign body response” “implant” “surface”
“bone” ; WIA KRN “EEMmIOBA”  “M2” AR

27 C“HRYYRL”  “AHHM”
B QIE IR F A bk,

1.2 NENE AARA: HAER 2448 X6 bk, HBRAR
A WLETRE, FRR A S E AR,

1.3 FRSIHE Lakh 2B EH B F I, #iEAE 2, KA
ZARIBIR T A R G) R A BN IR, HHAR A 5 A
B 89 KBS F KA RN LR

1.4 FUBIEEN 448 st Lkt ATt &, HiIR € 4 L ik)E,
ARIBE N GRATE I ik KT R IEAT R B4, AT Lk
64 . I akifitaizE ILE 1.

“R@”OCRT . BRERHTUIRE

YLK Z B E N: macrophage

FH PubMed., Web of Science, CNKI | polarization, M2, scaffold,

& 2016-2020 4F 1SRk

tissue engineering, foreign body

response, implant, surface,
bone;

TR R A B E Y EEA

HeRRE SR E X SCRRAEEAT R

BN 64 55 . e, M2, AT, RMRRL
Feray, #im, .
E 1 | EkimitRizE

2 Z58 Results

ERERITEE MM RHEN B SRR e 2 I R B0 X B 1E R

o Ti24AIATI EMEAAaIRIL

2.1 BERBREEEMMTRNENTSEHERRNPIEIER E
RN TS RGN BB R, fERIE. B I AR
MG A b REETZSG. EEMER SR T M,
STVAZE R G BIRBE T 50 A TR R R A, A K AE R R 694
A, XANEAZR A B mIamAL, EARA, B
3| % AF e A e B F69iR4E, EdmieT A% v - FRE.
BE S AEN-F09 2 JHERZENA MLA, 5T £ 8 mleiE 4.
G mieA% 10, @A 135 R FHEA T, KB KER
EAH M2 A, M1 A B e ik BT e KR T, ARtk
JE A GRRRAAY, M2 A B amlienh F AR EE R SR 4
JE, RARDAE A F PP 6 B, T AL a5 B AR EE A .

RV ACIK 25 64 B o4 dm e A M AT HAN UG 84 Fo SR RRL &
BEZER. AMMAHENGE, BHENES. @K, 2HBETF
Ak R W B AR T, FRELHEERLBAFHRIL. &
SRBABG AL T A mIL, F R m s e T KRR
Wik, R —F R EFAEER, JHETERALE T,
o mipAE 6 Fo A LB F 2, (Lt [ B minit A B F AR
B B, Bt B A gm0 A 2 SR IR AR TEA A ML R S50k % A
MAGE T AL KRG, Gl BRAEF o a@iNEl B
mMIeNFE 6 FoAa AR T 2, (RIS IR MR R SR T e AR,
FBEAE M B A NGB TR B SR M BORILLL LR . B A5 A
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B, EHI T @I0ENR T mie skt @ mieN% 4. &
wia A E 0SB TFHAT, EEmiaikh M2A, M2 A E
it HARKT A RE N AERE T BEAREONH, —Hx
HoE R AR ERE X TSR, M2 Evkmin s 8 A%
TR BRI KRR, P LRIV 4 R SRR it —
BAREIEA.

Yo LA, B IARALIK A5 09 B B B R R AL 4R T AR
FIRIEASE KA. Rifn, dTEDMA AT, HKR3R
DANLI Y, BAREGSERE. BB FHMLA ES
L IORE, Al AR REAL Y40, AT A A
% B0 18 KR T mieth B AR IR R T, BN
F R FLEAT ALK, AURAE A YA R B E R R—EA
HEZROHTREMOAEE, FIRMACE, FRAEDMH
Tk R LR P, B mib A ARk At SRR T899
TAER, AT IR T IR LLR DA XA 5.

22 EFRDIFTERMRBIRTSRHERE A 7 424 LE R -
BREBAHFTIEEL, #3FHFRARTBIMARIEZFRTAES
IR S0 Rk, FARIAE T ZOEAMHF L. &
WEWMF. TAR@BINAAREEY, TORELFRGEE
RE, R AFAYE B o BARA IR 25 VAR S SR AR 4G R
ook AT,

221 AT EEMBAIRS B mont A
A A AR, B IR A A T A E
0 JOAC IR A, FHA) 1 ) T L0 SR B84 By B S S AR IR BT
AR B AT Fa ) BT S SR T 2B, R/ T AT
FRUEAT AL M PR 42 B o n FEARAIK A SR Q) AT A A 69 S
TR IRAT R«

R 1| AR ETS E M B RRAR (K

LEAE AL PRk 2K A ZH LR
K B 7K [9]
N HURERE / Bk [10]
T R A ) EipIZ T [11]
HER &S] gRALE [12]
FHL 21 22 - Y WUBAR: / i 50 [13]
BERR EIpIZ T [14]
N EpIZ T [15]
N HRERE / Bk v [16]
316LSS HTIEH [17]
PRI R [18]

AR BRI AT EHAK, B THEANGELE
B A @R BA EAE RS, AR AT A, KL
8 — AR T A4k R B A S R AR R E B 4% 2 AR AR
o R B e, EARSPILER R F KRR T Ei) B g
M2 Bk, iR T ALK B 69 AR T R ARE @)
PR AR E RIL, EARA, FKRAR &8 LR 55 K IR R R F I
& M2 B, mIAWET 2 AR/ T B M2 R E o e,
WAk, FAHRTAATFHEBTLOMGARKE, U ELER
R A KRR G AT AR AR K M IRIE 0 A SR B
B A 4. HOTCHKISS & " 69 5R 0 4% 3% T At A @ 4 i 4o 1T %o
B o m e B S R R, A B R ) A B K 69 4R AR
AN C57BL/6 R AIFF, FR3dE, HERMKL
FIREKEFa@NE 4. @aliiF 10 49 kK& Th2 4= Treg
mp eI G. AT R—TIREEE@N TR, SFRAR
FLR T OB dm Y Bk AR A B T Ak 4G @ e 10 A
Th2/Treg /K-F. %4 % £ 8 E v fm o T v 4L % e B T
2t R ) LA JE Ao KM G A R AT B, AR ]

2122 | PEPLKTIEHR | 85265 | 51387 | 2022F58

TR T mie R E AR T @b R RLA ARG 0 409 %
T ARIRIF,

AR @ St ErE m 0B R BRI AR AR T T &4
FAEA ., LS M AR T FAR R @ SR R 6 B R4S 1 A 0 AR
feh, EHAEDMBRIRT FHR, ok EDH RN AN
RIFHR. TR ERARBREBHHTARBEELS
t) Evamiit, JFi@id PI3K/AKT & 4248 5 E o4 s e dift, #ikE
B3 Ko B am BOAR B T R R T e A k. 463 E K
tfOMEIE T AP EHAR, RS T B i fe b g RALHAE A .
A EE ) Mo T 45 AE 9T A8 3E I Gl AL W e dm BT R B o B
MIRATH, F BB IET B T I S AR IR A 4 R
PR My 32T 400 F TR S 5 RORL AT 44 64 5L R T

A W AAEG EAdF AL B K2, —RAER PRI T 4k
LR E e AT AER, FREREPHRILBHRIF
v T B BEAT A, KET By #Amat s, Ami
T AR B A AT H P, SCHAUB & W 4 = 7 5 AP AT
AR A @ AR A 0 B 5 L 4 4 £ 2R, BALRAER AR
Bl 69 4 L BLA AR B 69 4 4 B 2 e A0 09 S AR B, {2 B R
M) AR, R B AU A 49 4F 4 T vA BT B v g st 4w B
B F 6 ok o, F51 A ARt mpeFa B R BE, M d %ot B
G SR IR, VA _E AT IR M A AR KA R A M AT AR
A RRET — 2894855 L.

2.2.2 EiE A ME Y FAIE B R mRARAL

(1) 2599iA % E- otk R LS AT 54
JELRLE TAZARIRAFE) T R . iBadikat AT VA LI M By
tdE R, ERMRIER ETRAGRERSGY, EA7 2R
B XA, QUEF 2T {8 RE R At
RAETF AR TAZ LA IR, FRT HEARN T L6 ik BaL
Fo ) MG B AR, RN IR A A IR LR
R R F e 230t ), TAERES QT ARG
REFHE. BRI UTHER P2 L0 LR AR BHIER
AN ZIR AL BT 6 PR SRS B ROR. FRMITE A4
MR8 254, 4RI K SR BRATRE AR &2 3] ki, LU
R T 3D AT M9 S IR R, KA BRFRMITH
BHOKBEEA AL A . MARBRTREAER G, ZIRLH0E
F AT A REFN T RBEFROTYZIVRIER, #—F
B AR B ARG 3 0 R B F AR L.

AT EB| BAFE R, BEAH R R —FF T AT 8 R
ALHAMDI 2 Y | i 45 A BR B A4S A B2 LT v - Tk 5 F 440
THIRF A, FEER v - TRESFRLESA @, B
ABAFRAIT, FREA E A mit T ARAR E i, %
P T EEmIed M1 £ M2 695305, iRl B3 A E IR
VAT BB, ZORBUE R 2R T T4 ML 94T K A4k
AR BCR B M2 9IRS BOR, NG A B M A B AR A e 1T
2, RARTEE B MK RIERR I FM, AToF AT T
VAR B| ARG AR A A T Z, DX AR 69 B4R i) E R
By B S S IR AT WA AR 3t B 5 M 69 AR, B RIR A 1 R
h— R, BRTREE A RE BT $H, A
T A L ILFLAEY I7 3K,

M7 L shapot, HAb A fm i H R AT Z A T
Wi, YU P L TR FRE RS R IR, T A
s K R BR AT H S %, AmiB i KL R K Ek
BER RSB RRE TR B A, HAN 5 P & B oAbt am i %
R @ LT T RERAT R T AEF B, —F i B BEIRIG A

E 2 Ay (peroxisome proliferator activated receptor gamma,
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PPARy) #9465 i8S A, ¥4 R R A ATAA 2K
TampNz 1M RRLE T atyRiL, R¥EmT 4mie
AE 10 Aubb b A KA F Bog Rk, MET M2 A E¥mit, M
TAliE T BdFeh S E RS, FHIL#E T PPARY A9 5 B .
RFPAEETRBRGWEZT L L LA SHANTRER, L ¥
B IKEAER B 25 EE, YANG & ™ Wy BF e % E T
OB R R AT A R F 18 S A, IR @it K gt
e M2 A B v tm oA, Mm i R R IR, R R
REAREH TR v-THEAMIBIROEF o LAHE TIHE,
E v fn 6] M2 R4, EBA K IR Heik 35 4 A A A 00 0 KR,

BRAVR X RBATH N R FZILT 258 A0 AT,
(2 RAR R 4 kL. AR BT Ia 425 9 8. S AP A 69
ik AR AMREFARET RRA T 6, HEETFEEA KN
Wik R ARAE T B sk, ALOTAIBI 5 ™ JF & T T A B A4k 24
RBALER MO BEARANR B, MR EFINT REHKA 354
Bk, BB ERMN AT EE @A M2 R, &V T G
KB F afeg m Nk 66 4, WH T B FBERM,
FATH T RE e de R A tmingg £ K. MATHEW 2 P s st i
FAEBARE T A ELZEOZERTAB R LH RGE L, &£
T e 14d WEGdFEBR, WP EIR R, MHERFRE
Fa o TR T R, THEWHETECRARAERK. £EEH
WIRE R P HEANE 1, WRD| LiFF E % mis M2 2R
AL, FERBGSHRE T ERAL., —RARIUAR T
T REH sk EM, A EEEHYFREALIKREGD T
PR BB EY 13 5 F6 A P,

(2) EEmie A TP Evimiamie: B —E£F A Fidize
AR, T EaiEamiNE 7 xSF. £b, amiiE 4
B mieAF 10 & T 5% K69 R4 R T Tl B EE B4
IR R AL O, MM TAGA T b E R M.
ZHENG 5§ 7 E K R A E R MR MHAHAB 05 3 K, B KR
4@ mIOAF 4R B BRI L, HIERE| I F A E
RIEH, FH P 10 ng 2045 M1/M2 E 7% am JOARAL A5 Ak, TR
T A B B LR 6 A TR, FRIE AR 1) AR T g A ed T A
Fa B . GBI A MM, ST I IR T AN L8
FEHBEIL, ZHANG F P A m T ARG A& 4 e KRR,
ST AR EE M2 E v dm JOARAG T3 e bt A 2 KB F B #h Rk, A
T3 B R ) AR T e e 44 TGFB/Smad 42 5 i 34 5% 1 A% B
Ak, BIATiZKERERR Y T @A, AR EZRTRRGE
B s F AR

W T @B F AR S AT EOR, wNEEhESH
FreE oI E M. BLAS P, ANm#mitiistR, ek
NEAEFEFEEGNENR, amAT 4 5FE0Es
THREZMICE T, L e RWABER. HUF A 8 E—
ik, Fa@mieNZ 4 BN EGM A RMIR T, FIT A
I 4 KRB, R G @I E 4 0 P RBR T K
M M1 B an bt AR A0 M2 A, HaUbRBET XE,
HF AN T B mibth i fa B B, JbIl, HACHIM 5 B9
TR T ARG @miahF 4 kR B, T BRI EF
B ST . AR SRR 3 R A Rd AL 6 M2 B E
WILE 3G e, S EALRE) T AN B B 4 4B AR
Fatll SR M) B E-.

MA@ @A F Rk R A SR B RRNN RN, £
MRALS 9B FIF LR FAR AR, % Riafals 5 BATA 09 Re-
solvins [ H £ 47428 W MAs aa SAR A K K28R, ALik E v am i A
WP ERARA R LI KE, £ SOKF AR, T I

#K3| % 449 Resolvin D1 415 3| 7T 469 A M pa &, 56 1d A=
3d &g X g A Ao R AT R BR, B3 Resolvin D1 i i% 4545 2.
R i K AR mA e M2 B B e AR R, BB IRA & A
e iE, SUNF Pt T T RS BT AL A TG 44
B ZRMAENRE T A IR, BHRNFHALAEO 4 KE
VR RARAL A M2 AL, TR T By Rk KUEKF. RBlE, BEASRA
EOA4AM2LA EEm b BN ERAEETE 2R AIRT LR
B B R T I AR . AR R KR PR B AR
FAMKE T M2 B E R mieeiRAL, KET KEREHF B EH
Y HFEAE.
HFEEETmE F BB ERTT 2R REL, U
& Pl K BTG mieE 4 AR RcE A9 RGD RIR B4 4K
MAFE b, FFERLRDAET LT RAB KBRS P A # AT
FedZ BB, MR IR PR T H 5t B i n JOMAL A R,
FARRAGH R, EREPHBEBATE T T VAR S) B K @ 6] 4L
Ko M2 R AT AMS S Mmie R T, B—F @R T g
EEAEEG 2NFHRE . HE F PV & 905 A B KR IR 9k
T EvEsite ML, AT RE. @@ iimg mie
AE 4 TVAR EvEming M2 Ak, BB ai AR T
FREG AR A, A R AT A B F N ST vA R AR S R A A
R miethiEAs, REE Semie. Bt mArE T4 E 4|
AR, AR TFE—RFORYE, B2AHETHERIMA RS
QI EH R, @R FEEPF T RAORR, S#—FFLBR
Frtidhit A Gt KON B ER BRA BN RS, K2 P EL
T %A min B T A4 a4 AR .
=2 SR/ BEFETEREERIL KT

IR ) R %A T SRR E= P
ikl iok=@= s AN % 4 Eill IS [7]
ARG KR T HbFE KA Zi) [19]
EZi s FEARAD YT 2 [20]
R IR)Z y=- TR /AT MRETF/ 4 21
HETRKMIBRREMLE Kk 2 [22]
ot 4 ff 22 ke i PPARy 32 Al [23]
B IR 78 5 T4 LR 2 [24]
ERGAKFIRL HhFEK A 2 [25]
RONBEHRY 2 R A7 85 2% YR [26]
TEIR Eh KB L Fh G T 2540 24 [27]
KRR FI4nf % 4 B SER [28]
etk 2R 4 B SER [29]
FERME / IRCE R F4nf % 4 4T [30]
WILR - FEHE LRI Resolvin D1 P T 131]
ZARAGEEYR LT FRERERS 4 41 [32]
KgAK H4N % 4/RGD ik 4HfR T [33]
e R JE 7K T P 4/ AT AR [34]
AT

e R BRI E & R [35]
EZiRi '@ 1 TN 2 Z AL B [36]
HA 4K Bk A5 RSP [37]

(3) ATt B F A EE oAb KT A TS
LM ELERMITE FTHRER—RELT TN ER, F5FHK
FAERLARFERR, ERHEATWAERE, BREf
BHERRIARE, RIFPELABLARRANELE FHATE
28 JOABAIR 25 VAR AE R ARS8 % TR

GUO % B8 413 T fl BARE4R A KRR AR S B A 4,
Bt M1 B mesbib h M2 B v 0o 5F & Aok R AT A
A KB T, 10T ABEIRA R it A e h i, ARk AT
RIERE| T o e mAEH R E, H—F &, HEHTFLT
VB IEMAL KM B e, At R MR A, AR g
B ag e, HUANG 5 P73 %) A 42 d1 32 3R ik b iR nd4A B F %,
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ARG A A 18 B R B REAAR B F T B AR M1 R A,
A WA IR 5 A § a8l R E G R — A2 A
WEAMER . RIS, SRAMETIEET ESA M AERTE
BEE . KRR, AHAR B E M1 AREWABRE 8
FE P 45 & A= RunX-2 R A 6938 m, X RASME @R T A
AL ) F AR m A 0GB AR, R R M2 A B R4
Fo TR IRBLAT LR AS G AR, AT M1 A E % fm it
DEAIT T AR R, AT H—FRGREER, oA A
M1 & M2 & B mfee) h e R+ o269, Hp bBit—F
FRR AL ) ML/M2 R R b ts) Boset RL 0 By 3 %, 95 3R35%.

x3 | BHEWEEETETERMMRRLKTE

Rk s RS T ZH 3Lk
ERaK HH [38]
R il [39]
S L [40]
B ARR =45 y- TR/ [41]
A P SRR £ [42]
K i [43]
WZEEA B [44]
A T R £ [45]
Y E AR B [46]
GV 2 £ [47]
YKER ik /4 [48]
TR £ [49]
AT kil [50]
VPRl % kil [51]

% AN B AL TE 2 T BR A i 1R IR 5 i3 34 49 Rk, L
W ME T RERRBHREBE L%, TIABKEAERAE
M s JBARSH 44 B dm OB 3 M2 2 A, Mm it T g 4 e
oAk, AR R R NIZ AR R FIIR T RARE T HARALA 49 %
FES. UERA TG REG R, MAKRTHEIETY
Bk vy - FIRERMEE R mIRE ML AR, b5 B0 Bk atib
FE A M2 AL, RERUE 6 XM KR T B v g
ke AR AKAF. o BATAAEKE FEF@ERE T, £
T E B R,

0 TAY BT RIFGIER, LT A S A 2 AR
A, MKEGIE T AR A i A
223 IA@AT B Bt A MabE AR il
BENFBRARIAL, REDIL G F EDF AT FIR LA T A
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