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Research progress on role of macrophage polarization

in inflammatory bowel disease
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[Abstract] Inflammatory bowel disease (IBD) is a group of chronic non-specific intestinal inflammatory
diseases with unclear etiology. Its pathogenesis may be related to the intestinal immune imbalance caused by
the interaction of multiple factors such as environment, genetics and intestinal microecology. Macrophages, as
an important component of the immune system,can maintain a balance between pro-inflammatory and anti-in-
flammatory responses in the intestine. Macrophages can be divided into two polarization types:classical activa-
tion (M1) and alternative activation (M2) according to the different phenotypes and cytokines secreted by
macrophages. The polarization of macrophages plays a key role in the subside of intestinal inflammation and
the healing of mucosa. In the intestinal immune system of IBD, the imbalance between pro-inflammatory and
anti-inflammatory factors caused by macrophage polarization imbalance can lead to sustained progression of
intestinal mucosal inflammation and impairment of barrier function,playing a key role in IBD. The changes in
macrophage polarization levels may affect the therapeutic effect of IBD. Therefore, targeting macrophage po-
larization may be an important target for the treatment of IBD. This article summarizes the role of intestinal
macrophage polarization in IBD and the impact of regulating macrophage polarization in IBD treatment to pro-
vide reference for studying the new treatment methods for IBD.

[Key words] macrophages;polarization;inflammatory bowel disease;treatment;review

RAEVEW I (IBD) 2 —Fp LUB M7 I8 20E F1 b iz &84 Fn 2R IBD = B4 v B U (CD) A5t iz M 45
5 BB I RE R RS N AR AE A B B B . IR RAER R (UC) ., 5 CD MK 48 5E 1T L K3 1k 18 i 4

E&TIE WivL4 B 25 TR I H (2021KY1116) ; 3 24T BHE 8151 H (2022AY30031,2022AD30007) . & B 1EE . E-mail:

shymaomaol980@163. com,



1890

A, I 8 s AE 2 BORX AR PE 5 Btk A, B
R P ZE I R AR AR . 5 UC MG RIE &
LEZRNEWFE SR T Z w728 2 WAL B i
AT 1) 30T i A, B S A A A

IBD 5 X AT BE 5 f i I g L PR R L st R G
e R s N RUE Y Z A BEAE S 2 F R A
S A5 T Y G s A0 I L AL B I A ML T 40
B 21 i A% 2R 4t L (DCO Fi ] 78 5T T 46 M (MSCs) )™
125 A AE BB R A B T e DR B R IR h R A
BREZEM . PRV, R4 it 7e IBD 1995 2
AR R A EEMERS . b, BN
TH [ P 3 G0 RN AR AR f 98 2R 40 1Y | B4 BT 4
F= A BT A W RV R B e DR AR B . AR
B AR I R ORI (2 HE T T 1A AT )2 B 4 A A
P A . FEHRPI IR AR 2R i KR
W 240 L XoF T 448 R 85 B PN B B A R RD b B A Y
S TR 2 W A AT A 1 S DR AP P A g Y A T
43 AHL I 41 i A A Ak 2k i 25 9 50 IBD m ik RN,
PRI, T i W 240 i A Ak 2K A5 78 IBD v g 4R L LA
SRy Ik DR S B 36 7 R TR IBD 4 fE 3 AR 40
1 B7iE E & 20 i i Sk iR & 4 B

o 3 PN 1) ¢ R 22 550 1 I A ok VR T L iR AT —
AN A L A R VR T VR G AEL A B,k Sk B 2 i
TF 1A A i 18 0 IS T )2 A i bl 48 o I A R B Y Y
T RIS P RS

L5 440t fi 3 [ 2 b B i DL B A A s A
Jt W] SRR SR I A M Y — SRR S B U W 2 A e
i X5k AN W 722 Al 194 Tk P 5 A S R . AR i B 4 iR
[F] & 0 Ko 43 0 () S [) 4 B PR, BT 4 o ML A (2
BT AT M2 R CERAR B BT A AR M
RUZME R E VR, F 2R AR 2 W (LPS) M TRy
(IFN-v) Wi 43 W6 b 988 SR 38 B - CTNF-) | 1 41 fifd
i & (IL)-1B, IL-6, IL-12, 1L-23 FI #& 1k N+ 9
(CXCLY) 1L T 10(CXCL10) 24 4 40 ity [N 1 Al
AR -, 32 208 B AL E 50 R A SEAE . M2
RUZPL 9 E VA0 M, Bl T4 800 , 40 i 1L-10 4§
PR AN 7 A0 1 A E K H 2B 5 5 i e rp e B
B,
2 EmEEmiRL

SR R R A SN R N QP R (2
AT . ZABAFRDRERIEX WSS, HTE
M 240 J A b 5 45 b 4 i R 5 L a4k R RS S 1R
ST Z A B VR . B 20 AR B A 85 A A BT
AN TR A, DT K 45 AR R A 1

B B3 78 i B 21 20 rp 1Y W A0 B R R B AR 1R 1)

FTHREF 2024 %6 A% 53 4% 124

RE, INFFWE A T o R L AN i AL I A HR G
BT 38 e A2 R CD36 nf LAZE A FEEME T- 418, 8
AR AR Z2 i 40 i R AT T TR ok R A 4
B R E . R B RO B A R BT S
AR AR M1 LR M2 A, 33 5 o 2 R (1% [ 10 40 it
TEVR T 90T SNy 9 3k 8 vl AT DA B iR, — B
I 200 R R A 2 A, HG 7 A 4 46 4 B TR 1 R 2R 4
L R D) 2 25 58 A, w4 5 1 % Al 1BDY
2.1 EEamfed M1 R4k

F Mg AN MR 1S R 40 - 5 240 it 45 7% il 3 9 1
(GM-CSPF) A Bh & T 40 (Tho 1 40 R+ 40 IEN-y 5§,
TNF-a f9753 P8O 8 M1 B, & i Ak 32 28 2 i
BESERTE NP 1 (STAT 1) B W F-«kB(NF-«B) . Tt &
WA T 5 (IRF5) 1 Notch 25 AH 3¢ 8 5% 14 38005 >k 52
PO A W) TNF-o, IL-18, TL-6 , 11-12, 11.-23
FRRAMMHE TS5 T Wil RAE N I RS S
B — AL A A B GNOS) A 4 (ROS) , Jin & Ji7 38
RAE SN e 2 15 LA B0 F 0 0 @ & 2218 . M1
TR I 240 A 2 A T O R A T 0 A L, AR
I FFEIE AL i ML 7Y [ v 20 i K HL R 1 7= ) Y 7 A
o A] i A SR
2.2 Emid M2 &AL

LW 200 Jf 7 5 240 B 4 V% R0 (M-CSF)
Th2 40l 4 7 40 1.4 F1 1L-13 5 S F s 8 M2
B E Rt B R RS T 6
(STAT6) i 5 Wk WL 3 B4 (PISK) 22 & R/ 75 &
R4 M (AkO 2, TR Z K H F 4 (IRF4) \id ]
b0 ity A 3 B W) T 32 MR-y (PPAR-Y) I A 5 Bt 1
(cAMP) [ ¥ TG 14 45 & 88 1 55 A G 2% 04 0T ok 52
B R R B R K Y 110, 0F HR AT
Wiz 4 C -1 (MRC-1, . Fx }y CD206) ,CD163 Flfa
FEZFE L(STABL) . BA Bt & A2 3 1 4 A8 1 4 2148
AR YT R, M2 Y I A i VR AR T T 48
SiE 5 I R i B R A A R R
3 Em#MmEHS IBD

IBD 935 A 1 AS B . (H A5 3 9% 26 B o] B 5 g i
bR B 0 B B B B T RE S O B An
MR A AE IBD (1 %o 28 B v e B %8 06 8 2 A H .
16 IBD 3% 2 10, J e fioh 2 5 0 40 i g M1 B A Ak L R
R ) AR E PR T, 5 B I8 98 RE VL Y R SR E
T A6 1BD 28 fig 301 sk M1 Y I e 200 it o 2>, HL R il 4% 0
- 1 B8t B T R OF BB A M2 S AR R Y
A AR A DT 0 6 i 3 AR E S INE . PR O, 3 ek
T M1 EUFD M2 B S 20 0 o 4, 0T BB A B T s
IBD AR .



FTHRESF 2024456 A% 53 5% 124

3.1 Ml AE#maits IBD

M1 B2 2 F W 20 M 78 1BD Hhfe 3] 1 4 #F &
i SN 0 3 A AR R . R AR R L Gl A
P M1 295w 40 i, BT BA 58 /0 4 RE PR BRI K
BB RAE N, Y AP 8 ARy — B OG0 5 sk 3t
BE 7 L 7 Hippo il Z#HEEHEEZ/EH ., ZHOU
AELOTBESE R L R Y AP AT LA B W 40 A A M1
RIME AL L % W 38 R SN, X P RES YAP AT DL 42
FIL-6 Ji 2 F 45 & . R iF B W 40 i 5= A4 1L-6 £ ¢,
ZHANG % e /N U4 i 9 B0 v 2 3 30 ok ik ok 4
MeARFE A 1 (ECMD) BT LAPP i M1 Y E 05 20 i A
A6 3G 0 45 i 20 2 s S PR -1 (Arg-1) 19 R 35 A M2
Y 505 440 B, 6 T 22 i o 38 S8 S . Tollip /& Toll
FEAZ 1 CTLR) A5 19 R R F 03 1) 22 1 R R 45 R
LIU %555 BIF5E % B 76 A 20 A7 9 /0N UM e 153 0k 40
SeHe i, Tollip a3k 23 0 LPS Hil ¥k E W 41 i 17
M1 BRI AL, L BEAR 50 P T 223k, HEpLHI 22 F
P8 TLR M &A7F 5 18 I FEAR NF-«B (195 5, 31 1 B
M M1 A Ak, R Ake {55 I AL, 1A
Akt B R A F kA2 F W 4 i 15 M2 R Ak, 39 i b
ol I A 1 R A, WANG 282 16 IBD M % 4%
Jo 9 /I BRSZ 50 vh e B, 1 R i A B 32 AR 2 (S1PR2)
FH T G 8 A RhoA/Rho kinasel 1§ 5 # %
(S1PR2/RhoA/ROCK1) 7 4 4 # 37 & 3 4 7iF BR 1
M1 2 =5 4 A% Ak, 38 3 9 il STPR2 7] DAk 2> M1
T 5 I 20 B A L 08 T ek 5% TBD g 38 48 AE S I X ]
A 500 T8 e 1 i B ML B S W A AR AR A G
3.2 M2 #Emiaiits IBD

M2 BB A E WA M, 76 1BD v 8] T 42 #E 4
Hfra MABE S WIER . W58 & 8L, 8 i 8 n M2
YR 20 L, o AT DA D RAE R (R HE G R R A
BRI (KO & —Fh & 2 A 1 s 1 R A A 3 &k
FVUR T 20 KR 78 AR i 7 IR 09 Bt 48 46 T E %
T IBD B3RYT . LIU 250 A8 5l ) 25 i 58 480 52 96
HRESE, KO /] DL BE M2 R I 40 i B 4k Fn s 5 B
It 240 B A 5 1 20 B R TR AE T, 2 5 i 0 R E R TH R
XA KO 3@ ot 34 hn iz i AR K7 358 T
0 240 i %ok P 20 A T T R AT 06, CAO &
I T B A W 3 Ve A RS R B R AR AR K F-1C
(CS-IGF-10) /K # i 5 A NG Ak % U5 A 18] 58 5T 1 44 Jd
(hP-MSCs) 45 & W H T/ B 45 g R B BIG 9T, k8L
CS-1GF-1C 7K #E e B 2 34 3% T hP-MSCs 11 442 P 35 82
B 1], f2 3 hP-MSCs 43 WA R I IR &2 2 (PGE2) , 5 %
M2 R w3 20 M i Ak, B ik B 48 4 M B F TL-10, A &L
B /N RSS2 0 RE IR O B2 A TR R, B R A

1891

(AS-IV) 2 Db B2 25 155 v 4 JRUAY — A K 4R i, &
SRS I R AE IR A — s W AR . TIAN 250
K AS-IV e T RBEB R B (DSS) 5 3 B AL
IBD 19 25 1 4 14 PR E AR, O£ 3 15 1058 248 At DA A< Jok 28
P 2 I I3 40 1] o5 28 P 70 AR I I 4 i 1) 3R U A A
XA RE 2 W T AS- IVl 9715 STATL {55 38 i R 17
il M1 BB W4 Y 7 A, R TNF-a F1IL-18 93
K RRE P B 7 AL AR E M2 I A ) 7 A
9 IL-10 A1 TGF-B Y 363k, 14 5 F W5 40 ffg 75 1 2y
R L M T 2% I 38 48 9 I . HUANG 2R3 T B-
BRI TR (BHB) X ARS8 5 19 1BD M52, &
B IBD 855 F1 DSS Hifi /N B 45 11 &5 B BHB &
K B REAIC, E a AM R 9 BHB U T DSS % § 19
iR CEBRE . #F—P I  k M, BHB @ i 1 58
IL-4 5519 STAT6 2 fb ok 4 1 M2 %Y v 200 fifd 4%
1k . IBD & 45 % 26 5 b /) BHB %3k 5 IBD 5 845
B2 40 i BT R R (ESRO 522 5 A 56, AN PE #b 52 BHB
AN IBD MRy SR AL )

DL ST B, 78 IBD 76 s, 0l M1 AL g
Y0 MW Ak, R M2 Y 40 A Ak, T LA R 2D
R 2 240 b P 190 B8 B R 4% i i 3 4 RE R, I FE 43 11
AN BR e kb R R AR A B T g A 8L
BE.

4 EEARERLETHNARIS

X T IBD BYIR YT . HAH I 25 %) 3 40 45 2 5
IKAH RIS CASA) W B LI 2R (GO L F B il 371 L A=
LRI BRI R DS E TN L I O A
55 3E B I8 15 B 40 B £k mT RE 2 2% AR 1BD SR H
T ARAE BN AR 2 28 S 096 9T 5 k. ML RN
M2 I A1 L ) 2k R 2 T T e SR R LR
L, L,k ST M1 RS M2 RS g EL B R
1HY7 IBD "R A BRI 7.

ASA E IBD G gt R 5. xRk
P, 5-ASA H DL 5 PPAR-y K & ¥ Bt R A1E .
PPAR-y J& H Be M4 005 14 % 5 B 7 2 A% 2 1R % Tk
WIRZ—, 25T RAE RN FAEER T, PPAR-Y 7£
A% B AN vz Rk R AR S AT PR AR )
I A6 REAS B %, i1 NF-«B BO80% 8 1 (AP)-1 %5, {1
HE A E A A PR T, A0 Th RS EE . R IR AR R A
ST 4N 4 A PR AN OS L REBiE2r + R R Al (COXD 4 1Y
P BB A B TL-10 R BT, B R M.
5-ASA T GEi it 45 & IF s PPAR-Y 5 R Hm % A
IEAS L DT AE 5 SR /KOF- 98 15 H br i IR 3R 5k, 0k 8 4y
NF-kB (K # B2 1L , 2> NF-eB (1) 56 5 36 Pk L BT R A
JoT 35 1 L AR R A BT 3R Gk D T R B R AR



1892

RIS, 5-ASA AT filg il o I8 T v A0 i A Ak ok i i
i 3 & RE SN 1Y) 2% i

GC BN N RIB YT E B IBD A 801 £ . I IR
FHE R GC &R s AL A . e
DL 1k 5 38 Vb B B A T 5 S R 4E KR 1IBD
BB WG R MY . WF5E KB, AE ML I8 51 J6 1% 45 1
18 9 A S IV T 36 3 2H 2458 43 I8, TL-1 . TNF-o F1 116
) ONTS I R 1 O [ (1 N ol [ 7 N = gl
(HPA) fih & GC 47 H= F1 43 W o DT BHL 1k 56 K i 4R
A5V G 2E 2R 6 11 G 8 A B ) R R R RN Al L AL
il 238 2k T 22 245 Ak R FDOEE (MAPKD) 3% 42 A
NF-«B 5% s 3 M, DT I8 15 58 i Al G % A 5 10 R
R, MR A T i R R A 40 iR DR T R
PRI — S, A M1 Y g 40 it Ak B AS A B
T IBD MiR9T . HETIE RS .

TNF-o J2& H E WA A ™ A= 59 40 il X+, 76 IBD &
i R A A L ML TR I A e R A B A2 L o IR
KA F TNF-a, BRI H2 20 5% 3% 122 25 7 1) 5¢
Bk FE IBD S0E R I R A LR R B T O
YER . HHED 20 IR YY IBD 1 TNF-a #4054
Yo R E BT BT IS R BT, [ TNF-o $54057
IBIT I S TER AL A ) B R T LB W AR #) M2 Al
I 200 JE0 1) 38 2 76 RSV L 1 R R
B IX PR B4, BROOR IX AN BB L 4 I B 3 KON 2
TNF-o #4054 5 0 B X UL B T TNF-a 45 51 51 75
Il PR AT 3536 97 09 J8 3 b n] LU S 1 W 40 it 1) M2 7Y
WAl A B TERERBEAET . AR
F) ARG —Fh A5 TL-12 F1 11L-23 A p40 WM A
AT RERUAR, H Th E E IBD s S R 4E 69T fH
15 ARG M (NK) B T 400 3218 11-12Rb1 45
A TL-12 {55 1 Thl W BE 09 F — 2 3805 & 1L-
23 {55 M Th17 W #E 0 F — 2B 300%™ . e sh P i
oL TL-23 7 TG O WE A i e AZ T 4n e AT
FAEH P IL-23p19 38 5 T WA 4 4 B B 04 7 A
M Th17 28 M 08 T2 22 i 38 28 AE B0, B |
M1 % I 200 i R i i TL-12  TL-23 23 5% i 1 ) 4 B
PUHIBIT AR LR HLHE A R E 5™ Bk, BF g
T e B0 — Tl T 28 ) A W il 3 A A5 R BR B 3 AR
T T 9 T 440 i 2 1T ) R A 25O BEL ok bk 40 B e B
18 JRE R B2 4 L K BVAIT 1BD B B S, B 1
FERI LML BIE REAN S 5 1 A T 32 1k 3(CX-
CROFIEASE T MM ny/E M, B & M1 B E g
20 LR R L o 2 A5 R 2R SR R AR T AR R A
A RS,

WA NS FIEIFIZE IBD B3R h e ) 7 E

FTHREF 2024 %6 A% 53 4% 124

BRVE . Janus 8 (JAK) {5 556 G RS 558005 Y
F JAK-STAT) A F 09 {5 5 8 B 75 4t 45 I 38 9 B 555
oA mEEMAEM . 1EH 8 0iRk JAK Sl 7 1
FEEER e L TE IR R R 56 O 2 Bt ME T UC B3R 97,
FE CD 3R 77 bl e 8] — 2 i/ Y L H Al
FERIT R E T /N BUE 6 R U5 1 0 20 i ok
NI JE A 40 i e R B MR W A L O HL AT LA
fEE M2 B WA il Ak . 7F UC b ek
JEA ] M1 LB w20 i A% Ak, 5 350 RE B 19 2 3K
A E T 2% A W 3 4 i R

Yt 2 D SRR N UFR 40 fe o /b & 4
BRI AT BB A RBUR T 2 FB e . I A B S g PR
WYL WSS R B IBD B W fE R R D =
(A% 0 B 4 2R 2 D KOV 5500 T sh ok 5 Al
M, DIONNE %5 5 s K i 4 42 & D %t CD g
20 AR AR Y S, & BRAE AR 2 D AT DL & R IE M1 A
F 5% 200 6™ A i 58 4 B Y - (i TL-12 F TNF-o)
f 235 ER I M2 B v R A Ak, ZHU 285
TERIMIFSE & B 4E 4 K D g LPS 59 M1 BIE
W2 L %5 Ak S M2 B, R i TNF-o, 1L-6 1Y 3 ik Al
IRF5 (R 1k, I8 IL-10. Arg-1 Fi4EE 2 D 52 ik
23k, TEM N 4k A= & D il kb BE AT DL FEAR 25 i 42 /)N
BRI 5 1 h M L 38 T LK M R v A0 A AS E R
M2 B I IRFS MR ik . LIANG % & B4k
AR D AL b B w4 A b T bk A0 A e g 2K 2R
B -3 (TIM-3) [y 2635 , NI A 32 B0 40 B b £k ok
M2 XY R i R Dl LIRS —FoB i
FE T H T 1BD BIIRIT .

LTG0 KA R 5 RN BT 5 T A L R G
WY E Bos MR T IBD WE KW AU, BER R
B, b H RS ) = B L 5T R (MT OO 8 5k 40 K 3t
$(NPs) AT LA MTC-miR-146b B4l 4 miR-146b i
% 3 i B AN, O LA B TN UM T8 3 R R
P4 . MTC-NPs fig B 2 77 i M1 59 5 w3 44 f /9 35
fb il M TLRA {55 38 #6055 M2 BB 6 40 i i
A T ] TNF-o IL-6 F1 TL-1B A9 B, I 5% DSS
US4 I S e R AR R 4 E Ak TRE AL R
FEBE 2 b O B uE B B A R B M e . 4 A0 oK kLT
(AuNPs) A] LIS M2 AU B 40 A i £k . i 400 il 4
RN R F 15 7= A, 3600 1L-10, Arg-1 Al PPAR-y Y
FEA T R INOS. 22 it i 38 4 0 ) . itk — 25
SR I, AE 4 8 G4 K A RETE R T 40 R e A b b T
VLR VEVER . AT 26 A0 258 v F0AIE 2 7 19 A BB U
T A (GQDs) 1 LI¥ M1 L W 40 i 5% 1 M2 5,
A R A SR T T 40 A YIS 2 0T D B T



FTHRESF 2024456 A% 53 5% 124

IR v 928 200 T 1) AT K B 28 M 45 W 4 RE N 1 AR
S, A R AR 4B 98k bR (Se) B B & B
TEVH 1 B g A0 A Ak TR AE T . Se AFE N —Fhb 7
(38 S JU R L FE MUK o 9% Hh ol B B 2 AR L IR
Se IRA&Z T2 IBD Wy, SeNPs HA Bt 4 i ¥ .
B o s ] NF-eB (5% s b i 50 ) M1 RS
Ik 4 B £, AT XT DSS 755 1/ B2 25 1 R A
BRI S L X B ST R L AR MR A N
IBD ZARIT Y B AT BE
5 b &

IBD WIRITATIOR 2 — A XE R, 3 AR R B 40
(1R JEL R AR A B LA R A A 2 TR B 2 v 1) 9 B
193 TARKW AL . (A% B2 HAT 5 0 19 06 20 i
H RN A V5 2 75 22 i e iy ] 8, 7 R PR 950 YR T
Hh I A B DA R i R BRI AR A, R 24K
(G T B0 A 1 0T B W5 4 bR 10 4 S L AH OC 1 15 5l
B BT DA G b D B A0 A R R A A e B T
RRAVLIER, HATC 2/ A5S-S5 E g
WAV LE DL A G, H v b e & 2 B 1 5 L ik
HF sk 75, AMTEEHEIT T —RIES Y E
W 240 J AR AL R G 9T IBD B SR M . 5 UG Rl B, % M1 A
F M2 B A0 AR Ak K5 e B 4 M ) BE YOG T
Wk £, PR M1 R M2 R I 4 i % AR Ak S
i, AT REAE IBD YRYT 7 A BRI . H Fi i
A ) T 22 B L A0 6 40 i DR 8 R R T ok
B A IR A L 3 RT B AE VAR YT S MR A IBD Ty
T EL A E B E . SR, W] A A5 b 3 o Y
20 i 2 TR 1) P 4 R K B BT IR 9T RO AT
— R

S % Uk

[1] HUANG C, WANG J, LIU H, et al. Ketone
body beta-hydroxybutyrate ameliorates colitis
by promoting M2 macrophage polarization
through the STAT6-dependent signaling path-
way[J]. BMC Med,2022,20(1) ;148.

[2] XIAO P,ZHANG H,ZHANG Y, et al. Phos-
phatase Shp2 exacerbates intestinal inflamma-
tion by disrupting macrophage responsiveness
to interleukin-10[J]. J Exp Med,2019,216(2);
337-349.

[3] RAMOS G P,PAPADAKIS K A. Mechanisms
of disease: inflammatory bowel diseases[]].

Mayo Clin Proc,2019,94(1) :155-165.

1893

[4] HOU Q,HUANG J,AYANSOLA H,et al. In-
testinal stem cells and immune cell relation-
ships: potential therapeutic targets for inflam-
matory bowel diseases [ J]. Front Immunol,
2021,11:623691.

[5] BAIN C C,BRAVO-BLAS A,SCOTT C L,et
al. Constant replenishment from circulating
monocytes maintains the macrophage pool in
the intestine of adult mice[ ] ]. Nat Immunol,
2014,15(10):929-937.

[6] LIUY C,ZOU X B,CHAI Y F,et al. Macro-
phage polarization in inflammatory diseases[ ] ].
Int J Biol Sci,2014,10(5):520-529.

[7] NA Y R,STAKENBORG M,SEOK S H,et al.
Macrophages in intestinal inflammation and
resolution:a potential therapeutic target in IBD
[J]. Nat Rev Gastroenterol Hepatol, 2019, 16
(9):531-543.

[8] BAIN C C,SCHRIDDE A. Origin, differentia-
tion, and function of intestinal macrophages
[J]. Front Immunol,2018,9.:2733.

[9] MOREIRA LOPES T C,MOSSER D M,GON-
CALVES R. Macrophage polarization in intesti-
nal inflammation and gut homeostasis[J]. In-
flamm Res,2020,69(12):1163-1172.

[10] SONG W J,LI Q,RYU M O,et al. TSG-6 re-
leased from intraperitoneally injected canine ad-
ipose tissue-derived mesenchymal stem cells a-
meliorate inflammatory bowel disease by indu-
cing M2 macrophage switch in mice[]J]. Stem
Cell Res Ther,2018,9(1):91.

[11] YIP J L K,BALASURIYA G K,SPENCER S
J.et al. The role of intestinal macrophages in
gastrointestinal homeostasis: heterogeneity and
implications in disease[ ] ]. Cell Mol Gastroen-
terol Hepatol,2021,12(5):1701-1718.

[12] KUHL A A,ERBEN U,KREDEL L I,et al.
Diversity of intestinal macrophages in inflam-
matory bowel diseases [ ]J]. Front Immunol,
2015,6:613.

[13] MANTOVANI A,SICA A,SOZZANI S, et al.
The chemokine system in diverse forms of
macrophage activation and polarization [ ] ].
Trends Immunol,2004,25(12) :677-686.

[14] DU Y,RONG L,CONG Y,et al. Macrophage



1894

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

polarization; an effective approach to targeted
therapy of inflammatory bowel disease[]J]. Ex-
pert Opin Ther Targets,2021,25(3):191-209.
ARORA S.DEV K,AGARWAL B,et al. Mac-
rophages: their role, activation and polarization
in pulmonary diseases [ J ]. Immunobiology,
2018,223(4) :383-396.

ZHANG Y H,HE M,WANG Y,et al. Modula-
tors of the balance between M1 and M2 macro-
phages during pregnancy[]J]. Front Immunol,
2017,8:120.

SICA A, ERRENI M, ALLAVENA P, et al.
Macrophage polarization in pathology[J]. Cell
Mol Life Sci,2015,72(21) :4111-4126.
YOUSAF H,KHAN M I U, ALI I, et al. E-
merging role of macrophages in non-infectious
diseases:an update[J]. Biomed Pharmacother,
2023,161:114426.

COSIN-ROGER ], ORTIZ-MASIA D, CALATA -
YUD S, et al. The activation of Wnt signaling by a
STAT 6-dependent macrophage phenotype pro-
motes mucosal repair in murine IBD[ ] ]. Mucosal
Immunol,2016,9(4) :986-998.

ZHOU X,LI W, WANG S, et al. YAP aggra-
vates inflammatory bowel disease by regulating
M1/M2 macrophage polarization and gut mi-
crobial homeostasis[ ] ]. Cell Rep,2019,27(4);
1176-1189.

ZHANG Y,LI X,LUO Z,et al. ECM1 is an es-
sential factor for the determination of M1 mac-
rophage polarization in IBD in response to LPS
stimulation[ ] ]. Proc Natl Acad Sci U S A,
2020,117(6) :3083-3092.

LIU X,REN X,ZHOU L,et al. Tollip orches-
trates macrophage polarization to alleviate in-
testinal mucosal inflammation[]J]. ] Crohns Co-
litis,2022,16(7) :1151-1167.

WANG X,CHEN S,XIANG H,et al. SIPR2/
RhoA/ROCKI1 pathway promotes inflammato-
ry bowel disease by inducing intestinal vascular
endothelial barrier damage and M1 macrophage
polarization[ ] ]. Biochem Pharmacol,2022,201
115077,

LIU F,SMITH A D,SOLANO-AGUILAR G,

et al. Mechanistic insights into the attenuation

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

FTHREF 2024 %6 A% 53 4% 124

of intestinal inflammation and modulation of
the gut microbiome by krill oil using in vitro
and in vivo models [ ] ]. Microbiome, 2020, 8§
(1):83.

CAO X,DUAN L,HOU H,et al. IGF-1C hy-
drogel improves the
MSCs on colitis in mice through PGE2-media-
ted M2 macrophage polarization[]J]. Theranos-
tics,2020,10(17) :7697-7709.

TIAN L,ZHAO J L,KANG ] Q.et al. Astra-

galoside [V alleviates the experimental DSS-in-

therapeutic effects of

duced colitis by remodeling macrophage polari-
zation through STAT signaling[J]. Front Im-
munol,2021,12:740565.

BLANQUART C,BARBIER O.,FRUCHART
J C,et al. Peroxisome proliferator-activated re-
ceptors: regulation of transcriptional activities
and roles in inflammation[]J]. ] Steroid Bio-
chem Mol Biol,2003,85(2) :267-273.
ROUSSEAUX C, LEFEBVRE B, DUBUQUOY 1.,
et al. Intestinal antiinflammatory effect of 5-
aminosalicylic acid is dependent on peroxisome
proliferator-activated receptor-gamma [ J ]. ]
Exp Med,2005,201(8):1205-1215.

NING L,LOU X,ZHANG F,et al. Nuclear re-
ceptors in the pathogenesis and management of
inflammatory bowel disease[ ] ]. Mediators In-
flamm,2019,2019:2624941.

BRUSCOLI S, FEBO M, RICCARDI C, et al.
Glucocorticoid therapy in inflammatory bowel
disease: mechanisms and clinical practice[ ] ].
Front Immunol,2021,12.691480.

VOS A C,WILDENBERG M E,ARIJS I,et al.
Regulatory macrophages induced by infliximab
are involved in healing in vivo and in vitro[ ] ].
Inflamm Bowel Dis,2012,18(3):401-408.
KOELINK P J,BLOEMENDAAL F M, LI B,
et al. Anti-TNF therapy in IBD exerts its thera-
peutic effect through macrophage 11.-10 signal-
ling[J7. Gut,2020,69(6):1053-1063.

ALORFI N, ALOURFI M, BOKHARI G, et al.
Comprehensive review of ustekinumab utiliza-
tion in inflammatory bowel diseases: insights
from the ClinicalTrials. gov Registry[J]. Int J
Gen Med,2023,16:4283-4294.



FTHRESF 2024456 A% 53 5% 124

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ALMRADI A, HANZEL J,SEDANO R, et al.
Clinical trials of I1.-12/11.-23 inhibitors in in-
flammatory bowel disease[ J]. BioDrugs, 2020,
34(6).:713-721.

ABREU M T,DAVIES ] M, QUINTERO M
A, et al. Transcriptional behavior of regulatory
T cells predicts IBD patient responses to vedol-
izumab therapy[]]. Inflamm Bowel Dis, 2022,
28(12):1800-1812.

MITSIALIS V,WALL S,LIU P, et al. Single-
cell analyses of colon and blood reveal distinct
immune cell signatures of ulcerative colitis and
Crohn’ s disease[ ] ]. Gastroenterology, 2020,
159(2) :591-608.

SALAS A, HERNANDEZ-ROCHA C, DUIJVE-
STEIN M,et al. JAK-STAT pathway targeting
for the treatment of inflammatory bowel dis-
ease[ ] ]. Nat Rev Gastroenterol Hepatol, 2020,
17(6) :323-337.

HARRIS C,CUMMINGS ] R F. JAK1 inhibi-
tion and inflammatory bowel disease[ J ]. Rheu-
matology,2021,60(Suppl. 2) :45-51.

DE VRIES L. C S,DUARTE J M, DE KRIJGER
M,et al. A JAKI selective kinase inhibitor and to-
facitinib affect macrophage activation and function
[J]. Inflamm Bowel Dis,2019,25(4) :647-660.
CORDES F,LENKER E,SPILLE L J,et al. Tofac-
itinib reprograms human monocytes of IBD pa-
tients and healthy controls toward a more regula-
tory phenotype[ J]. Inflamm Bowel Dis, 2020, 26
(3):391-406.

SCHMITZ L. M,KINNER A,ALTHOFF K,et
al. Investigation of vitamin D, and vitamin D,
Hydroxylation by Kutzneria albida[ ] ]. Chembi-
ochem,2021,22(13) :2266-2274.

VERNIA F,VALVANO M, LONGO S,et al.
Vitamin D in inflammatory bowel diseases.
Mechanisms of action and therapeutic implica-

tions[ J]. Nutrients,2022,14(2) :269.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

1895

DIONNE S,DUCHATELIER C F,SEIDMAN
E G. The influence of vitamin D on M1 and M2
macrophages in patients with Crohn’s disease
[J]. Innate Immun,2017,23(6) :557-565.

ZHU X,ZHU Y, LI C,et al. 1,25-Dihydroxyvita-
min D regulates macrophage polarization and amel-
iorates experimental inflammatory bowel disease
by suppressing miR-125b[ J ]. Int Immunopharma-
col,2019,67:106-118.

LIANG S,CAI J,LI Y,et al. 1,25-Dihydroxy-
vitamin D3 induces macrophage polarization to
M2 by upregulating T-cell Ig-mucin-3 expres-
sion[ J]. Mol Med Rep,2019,19(5):3707-3713.
CUI X,BAO L,WANG X,et al. The nano-in-
testine interaction: understanding the location-o-
riented effects of engineered nanomaterials in the
intestine[ J |. Small,2020,16(21) :e1907665.
DENG F,HE S,CUI S,et al. A molecular targeted
immunotherapeutic strategy for ulcerative colitis
via dual-targeting nanoparticles delivering miR-
146b to intestinal macrophages|J]. ] Crohns Coli-
tis,2019,13(4) :482-494.

TARATUMMARAT S,SANGPHECH N, VU
C T B.,et al. Gold nanoparticles attenuates bac-
terial sepsis in cecal ligation and puncture
mouse model through the induction of M2 mac-
rophage polarization[ J ]. BMC Microbiol, 2018,
18(1):85.

LEE B C,LEE J Y,KIM J,et al. Graphene quan-
tum dots as anti-inflammatory therapy for coli-
tis[ J]. Sci Adv,2020,6(18) :eaaz2630.

ZHU C,ZHANG S, SONG C, et al. Selenium
nanoparticles decorated with Ulva lactuca poly-
saccharide potentially attenuate colitis by in-
hibiting NF-kappaB mediated hyper inflamma-
tion[ ] ]. J Nanobiotechnology,2017,15(1) :20.

ISR H . 2023-08-19 & 81 H 1. 2024-03-09)

(O JHE B85



