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Research progress in relationship between macrophage
polarization and oral diseases

YU Yiyan, ZHANG Zhimin, CHEN Jiawen, LIU Xin, LI Yan, ZHAO Hongyan

(Department of Dentistry and Endodontics, Stomatology Hospitial, Jinlin University,
Changchun 130021, China)

ABSTRACT The macrophages, as a crucial component of the body’s immune system, can be polarized
into M1 and M2 types by different cellular molecules in various environments, and contribute to the
progression of various diseases. In inflammatory responses, the M1 macrophages are primarily regarded as
the pro-inflammatory cells, facilitate the inflammation progression, tissue destruction, and bone resorption,
while M2 macrophages, as inflammatory cells, participate in tissue healing and bone repairment. In the
tumor microenvironment, the roles of M1 and M2 macrophages are reversed. The periodontitis, pulpitis,
and oral squamous cell carcinoma (OSCC) are the most prevalent inflammation and tumor in the oral
cavity. Therefore, this article summarizes the relevant researches from home and abroad on the polarization
of macrophages in oral inflammatory responses such as periodontitis, peri-implantitis, and pulpitis, bone
remodeling during orthodontic treatment, and OSCC, and elucidate the metabolic activities of macrophages
in infiammation, tumor, and bone remodeling and the mechanism of regulating the onset and development of
diseases by the macrophage polarization, and provides new perspectives for the clinical treatment.

KEYWORDS Macrophage polarization; Inflammation; Oral squamous cell carcinoma; Bone remodel;

Periodontitis

(W BH] 2023-02-07

(BEemB] #Ha ERRHRE I RBTA (2021TC028)

MERE®AN]  THRA (1998—), L, b A KL A, TR LR o0, 322 D30 28 1 5F B8 s B4 RH I IR 152 8 5 1 /4
W

[BEMEE]  BUE, Al#E (E-mail: zhao_hongy@jlu.edu.cn)



THE, &

i W 240 0 Ak 5 11 s 5 6 B I B 9T it U 865

FsVE S AR v 55 50 A B Y 25 s 22—, fE7E
KRB WA o 249 8 ey N 300 8 TR BT 4R
2, MWEENT OS2, sl k&
G 88 S RN, ™ B A LR (g e . W 4 A
AR RE R GRS — I B2, 78 R AE T 98 L
I R E SR, AR [ 20 SRR B T
AT LATE Ay M1 R M2 8 2 Fhge Al 1 Hoh, M1
ELWEAN M 2 40 &K v (interferon-y, IFN-y)
fig Z ¥ (lipopolysaccharide, LPS) % 41k,
H 3 PE 4L (reactive oxygen species, ROS), —
LA (nitric oxide, NO) FIE R 400 E T, WA 40
Jf A 2% 18 (interleukin-18, IL-18) . 40/l % 6
(interleukin-6, IL-6) K B 94 R %€ 1 + (tumor
necrosis factor, TNF) 4§, Z 5HLIK M) R GE R,
TR SRR o T M2 AU B I 2 i 22 B0 rh 1 4
% 4 (interleukin-4, IL-4) ¢ 1 40 Ml A % 13
(interleukin-13, IL-13) % % , B ik 4 & 1
(arginine-1, Arg-1) FIFI4HMI4 % 10 (interleukin-10,
IL-10) S8R K, 1E4L k5 4 4 2008 52 1 W] g
W2 5 M 0 A KRB RS 0 B AR AR Sy A
WL Az —, A E T O R, Y
P AR AR I, A0 i R A A MR M2 R S
M2 5RO N REERIER N, 51k —F
SRyt R . B HETE NS B R 24 b ALK
HoAth 3 G2 A 5 E F0 96 B 1 6 L 448 i %) 355 3
A O EL W 40 M AR F R AR B R GE B B D
PRI, AR SCOGT L W5 A4 A A 5 0 B 9 O 3R i AT 15
gy A, S DN LK SE IR T IR e B R Y
B

1 EEAES5RERN

1.1 ESmEBLsES TAXEAAELE TH%
R LR R 2 —, R R RS Y K
R BEA BV OCHR . BRI Y 32 B0 AL
RO TR | A A L R LA AT I A, A
KN B Y LPS W] 375 5 I 40 A 1) ML A [ 00 200 i A
b, FEAR R T, B A a8, M1
Fi W 20 Jf 43 W 1Y 1 51 IR R E2 (prostaglandin E2,
PGE2) . 1L-18. TNF-a fil IL-6 %4 48 A F 45 & 1K
B, TR A TL-10 A1 T1L-6 2 3] 3 3 5 4 Jm 26
iff () Fe 3k, AR T SR AT de A b, 514
ZUMEIR L MY F JE RS & R R E R, TL-4 A
TL-3 55 2 M DX =35 i, DT 375 = Ik 240 e 1) M2 74
L 20 AR AL, S M2 AR g 0 i 3 461 4% TR T kB

3=

F:
/f‘[‘

(nuclear factor-kappa B, NF-kB) il i, /D> R
AW #ik, HpP=Am L4, 1L-10, IL-13 M
TGF-B % 40 Jg H 7 7T 42 ik 20 80 & B F 4
0 M2 R B A A RT3 i P38 {5 5 i s A it
BF B AN A . MIYASHITA 25 4
M1 Fl M2 #5165 48 i 3% T8 0 R AR PE bRk, B
F R — AL A A8 (inducible nitric oxide synthase,
NOS) il Arg-1, &% 8oR. 76 5 B 0 4 &
B, MBS WA < 1) M2 B g i i R G54k, PRk
M1 R 5 M2 R 20 j 2 1 i 4% Ak 2 18 1 2 J &
T B 145 ik WSS B B AL

M1/M2 5 I 40 B Lo 9]t 5 28 J8 9 Y 2 i A
FEA O, TEE B AR K AR, M1/M2 B E 40
JE B A PR, AR N RO R B R, R IR
M1/M2 8 5 W 40 i He 9] 7T A 9 B oF A R
DR VNI BT U el =N o R A i
H M 1/M2 BB A L) B A, 3 T 2% il 9% O S
i . GALARRAGA-VINUEZA % "V f| H LPS i
T LR AR T R AN 0 E AR, I I A i
WME L A A IS A O, A5 R R . SR
REAETE 0T LAFE AN 52 M0 200 Ji 5 14 1 Stk - 1 1 ML 2
L5200 e ) M2 2 B g 4 AR Ak . R 9K G0kt L
P WG AN AT A 2 A7 A TR R BB ik . NIAE
fift FH EL A% 45 nm (9 4 94 K R+ 5 5 ML AL I 4
] M2 AU W 4 i Ak, DLJR 5 58 R 41 200 B0 R
RE I o WANG %5 5 b 4 4t 501k 25 9 4 Je 3 5
G K\ T A S Sl T A M R Ak, 2
HEE W A0 i M2 AR Ak o A0 WA b 40 i 2 [R] i
W, WRE A8 Ik B AL UE F W 4 g M1 B ) M2 A
AR AR . HE 28 Y R & A /0 RNA - (micro
RNA, miR) -125a-5p By &M AL HE F 05 4 i M2 7Y
WAk, I T IER S B E s S
1.2 E@mpeBiiSFHHEAAR XL ELE
ol ke A ) B1 46 1 Ay b A AR 2 TR Ay B B i IR 2 —
B A ke Al 5 B A M i A A 2% U0 G| . e 1A
RN T, W20 7 e VR Ry e 40 i 2 5 )8 11
HAM YN, FERAHB, EmEAiE N BE
2 M 25 A PR R U SR A A . R AR AL
KGR A SR g0 MR AS A mE AR m
AU FERAS A MR, B AN R M1 AR
A LA W5 B0 A 0 O 1 P A S THD %) AR RE B B, T
R BB, M2 B kg0 i = A A K TSR
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W 2 3 5k 3 WA A AE X -, Re il 2 TNF, 3G sk
2 B T A SO AR G 1) i A A Ak, T
P W A M B A Y . GALARRAGA-
VINUEZA 4§ "7 6 I B 20 g 2 1 b 25 9 CD68S |
CD80 I CD206, &5 W i 5 A A A {4 Jl il ¢
ARl WK B B VRN, b M A B A0 Y
FTikwEU e TM2BEGHM, IESE T MIAIE
Wik 240 JfL 7F 58 iE & Je st Ft rp R A HEVE T . ZEAS [ 26 AL
RAEH, M1AE WA MOECE AN F . 55 R R R,
Tl A J] L 9 rp ML 2R I 200 o 0t 3
PRI, Ay /0 ol A4S ] L2 2 ML B e 4
UL S8 7T A G RE B N, ] Ak R AR A R 2R AT R
M, DU E v A A AL B . GUO % M A
TEA A A e 2 AR AR - AR - R A J R
(arginine-glycine-aspartic acid, RGD) £ ik ¥ 51 (1
15 6 DULZ% 3 K, 38 35 6 DL 285 B AL ) feff O % 4t
2B BB SR . 28 R EE S i 1% AP AR 1A R LA
AR B R A R R A AR AR TR AR, O A T
A F - A F-afs, I MR E KA
Wk M2 BIE BEA0 . 5 Ry, B RGD £ ik
£ B B0 BROR R A 30 RE 08 412 i i B 40 D 0 285 B E
P BRI AR B 0 B -
1.3 Empasaiss THERER THIRE
— e UL R R AR ™ EE A 1 RN 65T &
P . BT 0 UESE s FREA LU S R IR
T =X M2 (trigeminal ganglion, TG) K9
AL AR Z 2 4, , P A BE R AEAR KRB b —
FhRR 28 IR AORE o W A A A b 2 00 0 0 R R AR
FEAAEI, AT LA 51 35 A5 M 4 928 240 53 0k 1) 22 Fil
il NP e | S S I S I D a2 L3
N EELOBIESE Y R B 7E N O IR 58 A N
FHER G, TGH I E WA TE . o — TGH
ZICEB AN AR E, BERR T A TG p
LTI E, R B S B AL R . R,
TG i A 1 B W 40 1 5 4 28 70 22 (8] 4 A0 B AR H Al
B J& 8 5 OF BB R KW R B Rl 2 40 1 09 O HE
GAO % ™ g5 TR BUA 8 R A, AR iR K
WTGHEMRAMEMHRIL, fEAMERE, TGHhE
PR M1 AVE WEAH MR, R F BE R A T Ak
Wy, RIESON T E IR IRSE AR R A RER S 24
M1/M2 W20 A Lo i) A 3 4, 3R 0T I gk 20 g
M FR A AR AR, M2 R 20 AT i s B R
YEF o Bl SN R 28 86 R M BN 32 W sl 55, 2 45 ph

ZAFRME R A A

1 95 2 B R SR A AR AT BRI AR TR
FRERIEE), SREAMRIE R, I FEARRAE .
F JE R SR IR L AR E R KRR, 4
WO(FERIEERE) IR W R AR R A
41, EREANE T TollFEsZK 2 (Toll like receptor-2,
TLR-2) 51 2 iy 2Kk & 8 2 35 ) N7 i W BE 1R
(lipoteichoic acid, LTA), 7EH & FREIFE T
T T NF-kB S0, (0 5w 20 i g M1 ROAR Ak, B¢
J TNF-o Al NO 5| 2 R AE R R 2, 2195 48 ik Jig &2
HRERJA A 28 i, 20 U Bt 4% R TL-10 R TGF-8
KT, RTAES M2 Y I A0 i TG Ak A Gk P

A M1 AL 0 AR 48 RE & A IR AR
L AR BE R 2N TR 2 RUAR AR SR e i, AR 21 41
M1/M2 B E 20 LU A AN ) o 24 7 e &
HRARJE PR 2F i st 41 209 M2 AL L I 40 R G 400 i
K IL-10 F1 TGF-B R B A F-F i, [WE M2 A E
Wik 2 60375 S 0 YT T bk B 4 AR B m T A
S, 27 T R AR A o A i b, 5 A sl 2 )
M1 A Ak

2 EMEMES5ERTRE

1IE W 4 % # 3 (orthodontic tooth movement,
OTM) ZIRAETLWHAE T, i JC I &AE e it
B A, AL A2 A R e T SR A R 2
FEEIE R ™. M IE R RIEH T R a gint, F
JE 20 B B ik TL-1, 1L-6. 1L-8., IL-11F1 TNF-a %
YA R 7, R E M2 R I 40 i 1 MR 4
Wefl, HOCAESZ M, M1 20 i SR 4 5 R
W, SRR RSN R L M2 B AR . i
FEIE WIS e IR B, B i 5 21~28d, FJE 4l
ZUN Arg-1 R IR AKCE T, R BT M2 AL E I 41
JLA A I FE F R AL 2L B, T M2 B AT i R
iKW TGF-8 A1 TL-10 7] DL il % - 4 B O i, S
HUUBL, NS sh 8 T8 R 41 8008 &2 1 i #E Y
M1/M2 I 40 i B 5 ) AS () 25 5% W 28 4 R 1)
W . HE 26 7 & 8. fE IR R, M1/
M2 R W5 20 L LY 91 38 2 S 38 R s e, T
M1/M2 4 g 41 e B 4] B A0S 2 30 e i . 48
M1 %Y B4 i 2 5 8 0, i M2 8 E W 20 M 5
HIE WA K.

IEBIR YT I ALK, H o 20~36 4 H Y
TEF W R sh gl B o, 2 380 28 AR WG 2 i 3
AREPRRE KA T W, BRI ARAE R —
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el B mmRF sy ik, 2238 2K
0o BEWEANMEAE N RN, TR E R Bl IF
AR R EEAE] . B BB U) I R i B NEF-«B
F S, K W A e S MRS, O 3 o O
Janus B (Janus kinase, JAK) /fF 515 S k% 5
W % £ H 3 (signal transducer and activator of
transcription 3, STAT3) {75l i, ¥ HEE4H N
M2 BB mg i i =, E sl B, 5 R BRI AR S
s 20 g S B0 MBS AR AR, JRAE OTM ] [l §% 5t
M2 RVE WE AN, 4640 1 IE IR T I Y

EIEENRITAS NG, o TR IER U, S0
B4 2 51 OTM 143 2 . ZHANG %
IR ¥ 2 HIRYT B o STAT3 &1 fe #F
M2 AL B 40 M il Ak, 3 T S0 O TM Jf 1 5 F i
3l e iR e 1 o

3 EMERSMELXERRE

3.1 EEMmmAL M BMIRE M CE 1
41 ffd  (tumor-associated macrophages, TAMs) 17
fETZMMEAEASA N, S50 RME ML, 5
g A K AR 78 B R R 24 M T A DI BT
TAMsEH FeZ K FeyRIMA (CD16A) MFyR [[a
(CD32A) SHFEEGUAT I Fe i B4 SR, B
FETIC20 P B P UKL , 5 S PR RO PE 2R I A S 1Y
g1 M # /E A ( antibody-dependent cell-mediated
cytotoxicity, ADCC), it f& 4~ 5 Hu I 4K M 1k 1Y
1 Mg #F WE fE H  (antibody-dependent cellular
phagocytosis, ADCP), H AL a] 1f 2k — Fid i # e
WEPTAA A 7 I8 B i

i 96 A B B b B L A R 3 AE R R] BT
T, BR MR M2 B 2 i R B B i I 4R i AL
i [ i 2k M1 RUAH GARiC Y (TNF-a FILEE 5 46
J& R 9 AE) R M2 BLAH AR ic ) (IL-10 A
Arg-1%5), ARAFEFp b [ A AR A 1 E i g
5 RAE W WA TE] AR R g i R s b, M1 3
L 20 B kS TE 1 AT, R A, i M2 L E
W 400 6 ) T LA R S Mg 2R R T ML AR I 4 i
B 4 i R VR 3R 3R R AXCAT DL i ROS AT NO
G A o F, B S 20 M DA R BE I 4
JHL, AT [y TR 40 B T, O o W R AT AR
# A P CXC e W 7 B A 9/10/11 (C-X-C
motif chemokine ligand 9/10/11, CXCL9/10/11),
TE MR A B v S5 4 CD8-+HT bk L 41 Jfd il NK 4
Mg, b V8 IFN-y. 0 40 fE-E w40 M 48 7% N+

(granulocyte-macrophage colony stimulating factor,
GM-CSF) A C-C s fb N ¥ BL f& 4/5 (C-C motif
chemokine ligand 4/5, CCL4/5) ZE40HgH T &4
R TRy ik, A7 B T 5o 40 0 60 0 — A0 B At
i Jed 38 B A5 S A S T T M2 B A A
i g A f , W DL A TGF-B AR LA K H T,
HEREMEN AR, SRELZHMESRRES
LR-RIFERA, S 5MRNREMER .
S, 5 M1 ELE g 0 02 2F S e B AN R], M2 2
I 200 . 1] e o8 Gl B 58 v B A e R I T, A
IL-10. TGF-B #1 A 2 H 40 Ml $t )8 G (human
leucocyte antigen-G, HLA-G), &3 T M RZEM
AR

BRI MM A RSN, TAM® T 25 8B
B, IR R A A e BE SR TR, TAM iE Al
VLR IR oA 1) R SR PR, I e AR 1T A
AT, FEMESER Y. AR EA G A a]
LA 3E 0 40 A 1) M2 B A A A Ak L R
W 40 i 5 e AR 2 R A AR IE OB IR PR A G &R, Rk
S X2y e P9 W A P R A, TR AR P e
Ff b 38 20 T8 AN RIS G R AR
3.2 EHmBBRNE v %R E (oral
OSCC 1E Hy
LR G R, R e T R A A A i
FE OSCC 1 b J88 T PR 858 v, W 400 B ot B 491 ¢
. TTRES OSCCANERYIGTH . 22 AT A KHK

AP WA 2 T A A AR AE AR B A BRR SR B
ELAE 0 30~100 nm (43, £L5% T 40N A RNA
FNAR BT S 8 AL W) BT, B 8% 70 4N i = [8) 2% 3l 0T 4 A
S R AN, NS S MR R RRE. B
% 248 i s, W B OSCC i Jg 20 53 8 79 A1 s A4 3 5
P & A AL P OSCC 8 40 i miR-23a-3p 4k
WA AR LAAE Sy 240 6328 J5 3 5 RO A TR 1R
&340 i 7 {5 5 3l B F 1 (suppressor of
cytokine signaling 1, SOCS1) /{7 5 1& 5 MFE 5% ¥
o

squamous cell carcinoma, OSCC)

(signal transducer and activator of
transcription 1, STAT1) {55, #5% OSCC 401
() 16 78RR 2%, TR T B A Y 1 M2 R AR A
OSCC 40 i 43 4 19 41 3 A CMT M6 A1 77 58 3 20 fifd 41
5% W 3 E [ ¥ B 1/2 (extracellular signal
regulated kinases 1/2, ERK1/2) {5 5@ iAS M24!
w20 B i Ak, (2 R B HE R . OSCC
200 J v A% o s DR Y g AR A 5 R A N ) M2 D AR



868 TR 224 (BE 2 i)

¥(50% H3W 202445 A

b HEAM WM A H 6 (histone deacetylase 6,
HDAC6) ZE—Fi i THMRRMEN, S 52ME
Yy R BE AT R, G0 48 AR S R DNA 5 453 55
TSENG 4 ™ WFt & 8 : HDAC6 )35 5 OSCC
STREIEMERR, SEMARENMLLR,
HDAC6 A ii i % 5% B 7 #1005 2 F1 1 (activator
protein-1, AP-1), #FS1L-13F%ik, SHE AN
] M2 B fb, SILVA %5 °7 JF 52. #% 5% W 7
TWISTL & B i 3= 3k w] DL 5 42 9% i 7 1
(colony stimulating factor 1, CSF1) 3G, #F i fd
F I 4 2ok A0 > M2 TR I 24

LI 40 A ) M2 28 A A J= R ik 1 4% b 4 i 1A 5
7] DA #FE OSCC 41 e A K FEE#% . M2 54 B g 4
JH >k U ) A W A& miR-31-5p Al L i 10 il Hippo {7
538 S e SE P LATS2 ) &3k, {2 ik OSCC
K I, OSCC 5 M2 AL I 40 g 1 5L E [
BB, B OSCC 8 40 i 7T LA i 3 P F 3 Fn gk
WK B AR AR, B W A ) M2 R Ak, [ B
M2 2 [ W5 4 JfL S AT DASE o B TGF -B 45 20 il [ -+
KAME, 2515 bR, 2 OSCC
KA R, A BEAE Sy — R DAY 9 AT S, T
OSCC K A= K i it & L BE % 52 1) M2 1Y = 1 46 i
B4 . WEBER S ™ K3 5B O EH
BE LR, AR B 1 B B A I A i 3 Vi R M2 7Y
0 240 B Ak T S, B s M2 Y I 4 L
B OSCC AR A R . S48 M1 &Y E w5 40 i ] /f
SR BT IR A AR A A T R 1R B b, B HCd AT DL ek
EH OSCC 21 i Hh 28 (0 32 AC ) i 70 o 4 ) 2
g 14 ) 3R35, (R b Z - &, B
THAMIE B, T2 5 OSCC R JE ™ . R
FEA I AE OSCC kA4 K SR B Al GE AR I
M2 A, W] RERI oy M1 A,

T E A RE RPN RIET-EA ]
(programmed cell death protein-1, PD-1) 5 {8 21
Mu ek R P AL A AT B4R 1 (programmed cell
death-ligand-1, PD-L1) Z5& 5, 0] T 9k 2 40 i
XF Jigeg At B AR S, DT 1R iR AR A g ik
Y, WEgE Y R B AN A AR AT DL 3k PD-1
MPD-L1, Z 55 MK . OSCC Ak
Az TN BT I 7 R 2 S O 3 A IR PD-LT, JF |
WEEA M PD-L1 ARk, LK) M2 84 B g 40
AR AL e T AR e 2k PD-1R, HO
A E 2855, SRS TAM S PD-1TRIPD-L 1Y

Z2 15 MBH W PD-1/PD-L13# % 7] L2k OSCC #2 it 57
BYRIT Tk

4 SEERZE

L5 A4 B A A AR 55— T 0 3 B 4k 1Y o 2 2 B
BBy, TEARAE BN AN K R AR EEAEH] . B
I 240 e A (] 200 1L PR35 3 0 2 0 A s ML R M2 3
2Fp AL, M1 R A1 i — AR 28 RN B i R A
JL, M2 R 5 4 D) 3 5 4 ) 48 E RN AR RE B K
VEVEF o B W20 A 45 F 1 s B0 vh R A O S
S5 0 KA R, BT I A0 R A 5 T AR 1
I 8 R 98 S 0 1Y) 3 T 4 A R SR

FE J5 S 5T A n] L 2 B R KO 5Y B AR i
WA B HLL, 175 5 B A0 A Ak BT R R A
M A 2% 5 05 1 E SR . [R] A, nT DLGE s Pl OSCC
25 i 1 DA A 1) B ik B BHL T 2 5 M2 RUBR Ak ok 7R 1 1
SO, Al M2 A E A AR >, DS BB
Jed B9/ o

7 25 o SRR

JIT A A PR WA AR 25 R

fEE B A

TARAZ 5 XA R M HT . B3CRE LB, kil
RZ ST, OB B, XS 518 30RE
s, XU A% A S5 SO R e B, BltaE2
55T B A SO AL

(&% 3k ]

[1] MARTINEZ F O, GORDON S. The M1 and M2
paradigm  of activation:  time  for
reassessment| J|. F1000Prime Rep, 2014, 6: 13.

[2] MURRAY P J. Macrophage polarization[J]. Annu Rev
Physiol, 2017, 79: 541-566.

[3] CHEN Y N, HU M R, WANG L, et al. Macrophage
M1/M2 polarization [J]. Eur J Pharmacol, 2020, 877:
173090.

[4] KO Y, LEE E M, PARK J C, et al. Salivary

macrophage

microbiota in periodontal health and disease and their
changes following nonsurgical periodontal treatment[J].
J Periodontal Implant Sci, 2020, 50(3): 171-182.

[5] PARISI L, GINI E, BACI D, et al. Macrophage
polarization in chronic inflammatory diseases: killers or
builders?[J]. J Immunol Res, 2018, 2018: 8917804.

[6] SUN X Y, GAO J K, MENG X, et al. Polarized
macrophages in periodontitis: characteristics, function,

and molecular signaling[J]. Front Immunol, 2021, 12:



THE, &

i W 240 0 Ak 5 11 s 5 6 B I B 9T it U 869

763334.

[7] HUANG X, WANG X X, MA L, et al. M2
macrophages with inflammation tropism facilitate
cementoblast mineralization[J]. J Periodontol, 2023,
94(2) : 290-300.

[8] MIYASHITA Y, KURAJI R, ITO H, et al. Wound
healing in periodontal disease induces macrophage
polarization  characterized by  different  arginine-
metabolizing enzymes[J]. J Periodontal Res, 2022,
57(2): 357-370.

[9] ZHANG W J, GUAN N, ZHANG X M, et al. Study
on the imbalance of M1/M2 macrophage polarization in
severe chronic periodontitis [J]. Technol Health Care,
2023, 31(1): 117-124.

[10] ZHUANG Z, YOSHIZAWA-SMITH S, GLOWACKI A,
et al. Induction of M2 macrophages prevents bone loss in
murine periodontitis models[J]. J Dent Res, 2019,
98(2): 200-208.

[11] GALARRAGA-VINUEZA M E, DOHLE E,
RAMANAUSKAITE A, et al. Anti-inflammatory and
macrophage  polarization  effects of  Cranberry
Proanthocyanidins (PACs) for periodontal and peri-
implant disease therapy[J]. J Periodontal Res, 2020,
55(6): 821-829.

[12] NI C, ZHOU J, KONG N, et al. Gold nanoparticles
modulate the crosstalk between macrophages and
periodontal ligament cells for periodontitis treatment[J].
Biomaterials, 2019, 206: 115-132.

[13] WANG Y, LIC Y, WAN Y, et al. Quercetin-loaded
cerla  nanocomposite potentiate  dual-directional
immunoregulation via macrophage polarization against
periodontal inflammation [J]. Small, 2021, 17 (41) .
€2101505.

[14]HE W D, ZHANG N, LIN Z S. MicroRNA-125a-5p
modulates macrophage polarization by targeting E26
transformation-specific variant 6 gene during orthodontic
tooth movement [J]. Arch Oral Biol, 2021, 124:
105060.

[15]KOH T J, DIPIETRO L A. Inflammation and wound
healing: the role of the macrophage[J]. Expert Rev Mol
Med, 2011, 13: e23.

[16] 3k 20, skIEEF, LMRT, 2. F Wk A0 M fb 16 b AE K
JH L8 a B AR T RS ik e (7). 1 e 2, 2020,
40(7) : 644-647.

[17] GALARRAGA-VINUEZA M E, OBREJA K,
RAMANAUSKAITE A, et al. Macrophage polarization
in peri-implantitis lesions[J]. Clin Oral Investig, 2021,

25(4): 2335-2344.

[18] FRETWURST T, GARAICOA-PAZMINO C,
NELSON K, et al. Characterization of macrophages
infiltrating peri-implantitis lesions[J]. Clin Oral Implants
Res, 2020, 31(3): 274-281.

[19] GUO X B, BAIJ X, GE G R, et al. Bioinspired peptide
adhesion on Ti implants alleviates wear particle-induced
inflammation and improves interfacial osteogenesis[J].
J Colloid Interface Sci, 2022, 605: 410-424.

[20] GAO L, FAN F, WANG L N, et al. Polarization of
macrophages in the trigeminal ganglion of rats with
pulpitis[ J]. J Oral Rehabil, 2022, 49(2) . 228-236.

[21]JIA Y C, YANG W C, ZHANG K H, et al. Nanofiber
arrangement regulates peripheral nerve regeneration
through  differential  modulation  of
phenotypes[J]. Acta Biomater, 2019, 83: 291-301.

[22]LIU J A, YU J, CHEUNG C W. Immune actions on
the peripheral nervous system in pain[J]. Int J Mol Sci,
2021, 22(3): 1448.

[23] FILIPPINI H F, SCALZILLI P A, COSTA KM,

et al. Activation of trigeminal ganglion satellite glial cells

macrophage

in CFA-induced tooth pulp pain in rats[J]. PLoS One,
2018, 13(11): e0207411.

[24] FUKADA S Y, SILVA T A, GARLET G P, et al.
Factors mvolved in the T helper type 1 and type 2 cell
commitment and osteoclast regulation in inflammatory
apical diseases[J]. Oral Microbiol Immunol, 2009,
24(1): 25-31.

[25]DAI X Z, MA R Y, JIANG W Y, et al. Enterococcus
faecalis-induced  macrophage necroptosis  promotes
refractory apical periodontitis [J].
2022, 10(4): e0104522.

[26] MR&AE, a5, & M. 3R EA 5 B v g i Ae 5 1R
FHMUE 09 OF 58 2k (D). [ bR 1 S % J% 35, 2018,
45(4): 433-438.

[27] WEBER M, SCHLITTENBAUER T, MOEBIUS P,

et al. Macrophage polarization differs between apical

Microbiol Spectr,

granulomas, radicular cysts, and dentigerous cysts[J].
Clin Oral Investig, 2018, 22(1): 385-394.

[28] SCHMIDT A, ZHANG X M, JOSHI R N, et al.
Human macrophages induce CD4 Foxp3( -+ ) regulatory
T cells via binding and re-release of TGF- B [J].
Immunol Cell Biol, 2016, 94(8): 747-762.

[29] JIANG C, L1Z, QUAN H, et al. Osteoimmunology in
orthodontic tooth movement[J]. Oral Dis, 2015,
21(6): 694-704.

[30]HE D, KOU X, YANG R, et al. M1-like macrophage
polarization promotes orthodontic tooth movement[J].
J Dent Res, 2015, 94(9): 1286-1294.



870 TR 224 (BE 2 i)

¥(50% H3W 202445 A

[31] WANG Y, ZHANG H W, SUN W, et al

Macrophages mediate corticotomy-accelerated
orthodontic tooth movement[J]. Sci Rep, 2018, 8(1):
16788.

[32]HE D, KOU X, LUO Q, et al. Enhanced M1/M2
macrophage ratio
resorption[ J]. J Dent Res, 2015, 94(1): 129-139.

[33] GIL A P S, HAAS O L J R, MENDEZ-MANJON 1,

et al

promotes orthodontic  root

Alveolar  corticotomies  for  accelerated
orthodontics: a systematic review[J]. J Craniomaxillofac
Surg, 2018, 46(3): 438-445.

[34] AL MAKHMARI S A, KAKLAMANOS E G,
ATHANASIOU A E. Short-term and long-term
effectiveness of powered toothbrushes in promoting
periodontal health during orthodontic treatment: a
systematic review and meta-analysis [J]. Am J Orthod
Dentofacial Orthop, 2017, 152(6): 753-766.

[35]LEE Y J, LEE T Y. External root resorption during
orthodontic treatment in root-filled teeth and contralateral
teeth with vital pulp: a clinical study of contributing
factors[J]. Am J Orthod Dentofacial Orthop, 2016,
149(1): 84-91.

[36] ZHANG S T, ZHANG H W, JIN Z C, et al. Fucoidan
inhibits tooth movement by promoting restorative
macrophage STATS3
pathway[J]. J Cell Physiol, 2020, 235(9): 5938-5950.

[37JPAN Y Y, YU Y D, WANG X J, et al. Tumor-

polarization  through  the

associated macrophages in tumor immunity [J]. Front
Immunol, 2020, 11: 583084.

[38] OCHOA M C, MINUTE L, RODRIGUEZ I, et al.
Antibody-dependent cell cytotoxicity: immunotherapy
strategies enhancing effector NK cells[J]. Immunol Cell
Biol, 2017, 95(4): 347-355.

[39] MUSOLINO A, GRADISHAR W J, RUGO H S,
et al. Role of Fcy receptors in HER2-targeted breast
cancer therapy [J]. J Immunother Cancer, 2022,
10(1): e003171.

[40]NI Y H, DING L,

Microlocalization of

HUANG X F, et al

CD68" tumor-associated
macrophages in tumor stroma correlated with poor
clinical outcomes in oral squamous cell carcinoma
patients[J]. Tumour Biol, 2015, 36(7): 5291-5298.

[41] KALOGIROU E M, TOSIOS K 1,
CHRISTOPOULOS P F. The role of macrophages in
oral squamous cell carcinoma [J]. Front Oncol, 2021,
11: 611115.

[42] MANTOVANI A, MARCHESI F, MALESCI A,

et al. Tumour-associated macrophages as treatment

targets in oncology[J]. Nat Rev Clin Oncol, 2017,
14(7): 399-416.

[43] BOUTILIER A J, ELSAWA S F. Macrophage
polarization states in the tumor microenvironment[J]. Int
J Mol Sci, 2021, 22(13): 6995.

[44] HADRUP S, DONIA M, THOR STRATEN P.
Effector CD4 and CD8 T cells and their role in the tumor
microenvironment[J]. Cancer Microenviron, 2013,
6(2): 123-133.

[45] SUSEK K H, KARVOUNI M, ALICI E, et al. The
role of CXC chemokine receptors 1-4 on immune cells in
the tumor microenvironment[J]. Front Immunol, 2018,
9: 2159.

[46] MOSSER D M, EDWARDS J P. Exploring the full
spectrum of macrophage activation [J]. Nat Rev
Immunol, 2008, 8(12): 958-969.

[471FAN Z S, YU P, WANG Y, et al. NK-cell activation
by LIGHT triggers tumor-specific CD8"  T-cell
immunity to reject established tumors[J]. Blood, 2006,
107(4): 1342-1351.

[48] XU F, WEI Y, TANG Z, et al. Tumor-associated
macrophages in  lung  cancer: friend or foe?
(Review)[J]. Mol Med Rep, 2020, 22(5): 4107-4115.

[49] OBERMAJER N, MUTHUSWAMY R, ODUNSI K,
et al. PGE(2)-induced CXCL12 production and CXCR4
expression controls the accumulation of human MDSCs
in ovarian cancer environment[J]. Cancer Res, 2011,
71(24) : 7463-7470.

[50] PARKER K H, SINHA P, HORN L A, et al
HMGB1 enhances immune suppression by facilitating the
differentiation and suppressive activity of myeloid-
derived suppressor cells[J]. Cancer Res, 2014, 74(20) :
5723-5733.

[51] BAIG M S, ROY A, RAJPOOT S, et al. Tumor-
derived exosomes in the regulation of macrophage
polarization[ J]. Inflamm Res, 2020, 69(5): 435-451.

[52] LOBB RJ, VAN AMERONGEN R, WIEGMANS A,
et al. Exosomes derived from mesenchymal non-small
cell lung cancer cells promote chemoresistance [J]. Int J
Cancer, 2017, 141(3): 614-620.

[53] CAIJ H, QIAO B, GAO N, et al. Oral squamous cell
carcinoma-derived exosomes promote M2 subtype
macrophage polarization mediated by exosome-enclosed
miR-29a-3p [J]. Am ] Physiol Cell Physiol, 2019,
316(5): C731-C740.

[54] PANG X, WANG S S, ZHANG M, etal. OSCC

exosomal CMTM6 induced M2-like

ERK1/2

cell-secreted

macrophages  polarization  via signaling



THE, &

i W 240 0 Ak 5 11 s 5 6 B I B 9T it U 871

pathway[J]. Cancer Immunol Immunother, 2021,
70(4): 1015-1029.

[656] ZHANG M, HU C, MOSES N, et al. HDACS6
regulates DNA damage response via deacetylating
MLH1[J]. J Biol Chem, 2019, 294(15): 5813-5826.

[56] TSENG C C, HUANG S Y, TSAI H P, et al.
HDACS6 is a prognostic biomarker that mediates 1L.-13
expression to regulate macrophage polarization through
AP-1 in oral squamous cell carcinoma [J]. Sci Rep,
2022, 12(1): 10513.

[567] SILVA S DDA, MARCHI F A, SU J, et al. Co-
overexpression of TWIST1-CSF1 is a common event in
metastatic oral cancer and drives biologically aggressive
phenotype[ J]. Cancers, 2021, 13(1): 153.

[58] YUAN Y, WANG Z Y, CHEN M Q, et al
Macrophage-derived exosomal miR-31-5p promotes oral
squamous cell carcinoma tumourigenesis through the
large tumor suppressor 2-mediated hippo signalling
pathway[J]. J Biomed Nanotechnol, 2021, 17(5):
822-837.

[59] WEBER M, WEHRHAN F, BARAN C, et al
Malignant transformation of oral leukoplakia is associated
with macrophage polarization[J]. J Transl Med, 2020,
18(1): 11.

[60] YOU Y H, TIAN Z W, DU Z, et al. M1-like tumor-
associated macrophages cascade a mesenchymal/stem-
like phenotype of oral squamous cell carcinoma via the
11.6/Stat3/ THBS1 feedback loop[J]. J Exp Clin Cancer
Res, 2022, 41(1): 10.

[61] COHEN E E W, BELL R B, BIFULCO C B, et al.
The Society for Immunotherapy of Cancer consensus
statement on immunotherapy for the treatment of
squamous cell carcinoma of the head and neck
(HNSCC)[J]. J Immunother Cancer, 2019, 7(1): 184.

[62] GORDON S R, MAUTE R L., DULKEN B W, et al.
PD-1 expression by tumour-associated macrophages
inhibits phagocytosis and tumour immunity [J]. Nature,
2017, 545(7655) : 495-499.

[63] %k ., 7 B SR P AL 8 aF 4 ik R 305 1
i [T]. hE S AR R, 2023, 43(1): 63-68.

[64] VLEstE, THE ., X 4. PD-11E F W 40 g oh (9 3% 55 %
Xt H I AE R A [T ] E S 2k, 2020, 36(17)
2165-2168.

[65] YUAN Y, JIAO P F, WANG Z Y, et al. Endoplasmic
reticulum stress promotes the release of exosomal PD-L.1
from head and neck cancer cells and facilitates M2
macrophage polarization [J]. Cell Commun Signal,

2022, 20(1): 12.



