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Relationship Between Macrophage Polarization Signal Pathways and Disease

XIE Bingbing, DONG Yan, WU Yangyang, WANG Peixun (Immunological Research Department of Institute of
Clinical Pharmacology, Guangzhou University of Chinese Medicine, Guangzhou 510405 Guangdong, China)
Abstract: As a heterogeneous group of immune cells, macrophages and its polarization have caused high attention in
recent years. Macrophages can be polarized into different phenotypes under various environment in vivo and in vitro.
The macrophage polarization is considered as two extremes of monocyte activation in a series of functional status,
which is regulated by different signaling pathways and transcription factors. More and more researches showed that the
polarization is related to the development of many diseases. Based on the recent research, the macrophage
polarization, signal pathways, regulatory factors, plasticity and the relationship with diseases were introduced in this
paper. It is also suggested that Chinese herbal medicine may play an important role in affecting the polarization.
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1.1 BEWEANMAE AR e T B A AR £k
FIPIAS Y, LA 2500 BEA B PR T 2400 (Th) 19 53 25
Ja, MBS o by R 2 MBS B LI ( clas—
sically activated macrophages, CAMs ¥ M1)FMI#EHEPE
P4 1 B WE 4 i (alternatively activated macrophages,

AAMs 8% M2)P K2, Lyamina SV 28R 57 & /N R
JE 1S B W AN B AR SR ] TEN—y 1 IL-4 A5 M1 3§
M2 KA RSBt e e, i A3 2 0 P A
7 EHEF T (MRF) 0T LUK E W20 i 22 B 0E1 4 H 191
AN M1 5 M2, FF H R M1 R E A0 i T 3
KR, M2 BI0 k AT A AR g TR . M1 B
WAL AT iy IFN—y SR 2285 (LPS ) 5 A g% 5 HL At 4 i
7~ (4n TNF) PRS2 iE L, FURAIE 2 RE A 2 R i
RIEMAL A F, a0 1L-12, 1L-18, IL-23, IFN-y,
TNF-a, ROS FINO, HEHUHRIEALRR, (HdL 2338 Bl
R 5, RICNAR S PR A8 W, 1M M2 B a]
M IL-4 8¢ 1L-13 -S4k, X HEA MR A G i 10—
10, BB B AT A R T Ak i B g 4 g,
FEAE 2 43 WA 40 A RE 28 Jf 5 ¥~ (IL—-4 . IL-10. IL-13,
TGF-B), JFEAL B HEE . M. S8
I R BT G AR R VR . Mantovani SEO4 HY
X M2 2 e i IL-4 5% 1L-13 %74
(B WE AN AR R M2a, F2ZEA S Th2 B G5 0
AN . RACFE TR RSP (10),
Toll ZA&(TLR) =K 1L~1R FCiA S =4 M2b, M2b F
B2 5 Th2 B T MG AL P0A T e e 8 D Rg; h
IL—-10 FHUHE B2 SR 35 S AN 0 AL M2c, %
T GsE SO ) R, AESEITTE 2 2 a9 v Rk #
YER.

1.2 M1. M2 5y fhils TENUAA [ A= BRI IR A
T, BV R R R 2R, AR SE R ThRE AN
2R, HEEARIGAIL AR —HRTE
M1 S R L (ML JENRE) s 9 —2RETE
M2 e S AR B BRI (M2 BRI ). ML LR
HAWER “fER” v, m M2 SRR A 9
K7 IIRET, X EELR K W AT AR Ry oy B 4
M1, M2 BURbRE ST o dE M1 ARICHEE R (TNF-a
IL-6)#E M1 Hiim ik, ThifE M2 IR ERE; M2 bR
JCIE A (Arginase , FIZZ-1)7E M2 HiEakik, £ M1
STy 2 W N S VN BB U i b v S =N 10
AR RIS IV A0 DI RE 22 1 B e s e A e
I sha2E b, BETRBLE) M1 KRR EYH 11-6.

IL-12. iNOS. TNF-a., MAPKO 3Z{£& . CD80. CD86.
TLR-2. TLR-4, FeRII (CD16). FeR I (CD32),
CD62, IL-1R1, CD1279; R ZHH IL-6. IL-
12, iNOS Il TNF-a, M2 iR E YA K 2 R 1
(Argl) . H&@KEZIA(MRCI, CD206) . CD163, FcR
1 (CD23, CD209). FIZZ1. ST2. SR-A. M60 %
f& . CD184, TRAIL®, % ZRHMLHE Argl . HEE
BEZAR(MRC1, CD206) . FIZZ1 Fl—ea kA T,

2 ERARRUNESEREEZNEEREF
B WA AR A o S A . ASTR) i i R 7k e g 52
BYNET, ASREE S F- A A T A N 7 AR
HEG, BOE TN E SR, 5 4 R E g
(M1, M2a, M2b, M2c) HYZHRERNFIY A,
2.1 M1 BAL 45 5l B TFN—y il i TFNR 38095 B
W 240 B A5 5 5 S S B sk IR 1(Signal transducer
and activator of transcription, STAT1)i#, EEMEIE
IL-2, NOS2 1 MHC Il JER B2k i, X2 M1 )
AT LG A5 1S, E AR Y sl Jieg Hh B0 A4 17
T, JE R LPS S5 R A A G 4 1B S (PAMP)
TLR4 5§ IL-1 15 5 A/ #4005 IKK &2 &%), @id STATI
F NF-kB P45 G5 98 E 17 530 PR 17 B W2t i i M1
Ak TR A W5 R B NF-«B BRI S 5%
SE R, WAESSIE TN 1B FNE S B e g i 8 T b R 4%
YER, NF-«B i #3671 IKKB 68 B3] STAT1
WM, FF H AT ARk e AR oG B WA I (TAM ) [5] M2
1Er,
2.2 M2 BeAL B4 Sl M2 B3RS R A 2
STAT6 /3. B IL-4 il 5 IL-4Ra F1 IL-12Ry
ZRCT BIZ)EE A, s0H 1L-4 F1 1L-13 43 55 4%
A 52K IL-4Ra A1 IL-13Ra 454, 2R B4k ( 1
HISZAK) G 4 54 06 Janus 3 B Jak1/Jak3 B8 Jak1/
Jak2/Tyk2, MM S48 R 5 25 32 AR I 0 3 3 2 B IR
IRS FERUE A, BEFRALIY TRS P75 fir i 5 11 Grb2
M1 PI3K, k%54 STAT6, F{#i STAT6 kA= 44
MR IR AL . BRIk AY STAT6 BB — Bk, ARG,
BT M2 DREA G R B L S, B A i i
] M2 AR L1,
2.3 MUM2 BAE i Pdas B 20 A Ak 52 B AH 1
PICES 5 PR . BT O a5 540143 5T
M1 F1 M2 (5 AT Re S R FE R PEER, R 1,
2.3.1 SOCS X} M1/M2 43 AL B IR TT 4B N 15
S J0 4] A F (suppressor of cytokine signaling, SOCS)
SRR, 25 T AR, R
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Figure 1  Schematic diagram of macrophage polarization correlation

factor

L LA S 5 A iR 1 e A ke vh R R LR R,
K EE BEAR IR 1 B E AN I AE TFN—y 3% LPS % 75 1f L
A A SOCST Fl SOCS3; TL—4 i Y i Iv 20 it HE
i 2 ik SOCST, T IFN—y HI LPS — 5 #ill 4 v] fi
ELWEAHAE Y SOCST kgl #E Wi H &k
SOCS3 i M1 E WE4H Mg . SOCST ] P8 44 5 Wk 41 Jifg %)
IFN—vy 9527 1 LA K2 TLR-4 F1 TLR-9 #03% B {5 518
B, JFH 2 STATI 38 A IR PE IR . SOCST fi
B /BT TEN—y 1 LPS J2 b7 BE R, 1 SOCS1
FIR AT B WA A ) M2 28R 504k, X B SOCST
i M1 A . 25 M2 SR

WF5E & Bl SOCS3 Btk nf T80 LPS 5 SN EE R
WEHEHT, TAE SOCS2 #BR Ay /N B M1 FE L 5 4
M3, SOCS3 w Bk 1) W 20 A X IFN—y 1 LPS 3]
PR R, SOCS3 FibR I 3458 STAT3 M TE Pk,
B H EE M Ik . K2R A SOCST Kk T,
T M1 R4, W IL-4 (0 RO PR 3 3261k M2
RISy, AR SOCS3 XFF M1 3 &)
THHY; T SOCS1. SCOS2 X F M2 #iF 2T m .
2.3.2 SHIP Xf M1/M2 () %% 5987
containing inositol 5" —phosphatase (SHIP) j& — > B ik
fit, 2 PI3K PG A 2 405, F04h w3 4 il 28
LPS {6 {175 5 1 A AE TR F-43 06 F NO & s, BPEATH)
il M1 H Ak ) P 4= DR o 1 LPS 3 R i 2 3
P& SHIP 7K, 6 SO il X LPS s 52 i 4 7k A
FH®, 7E SHIP L mf /s FRUBLRY I % B SHIP 7E (RS
BRI LPS 375 5 0 SR VR W2 A 1) M1 434k
2.3.3 Notch i X} B Wg 4 Mt AL 099555 Notch j&—
Pl AL B ORI B I8 7 F o Noteh {5538 i 1 2

Src homology2 —

REEZRZFE, S 58m. THRAT . MEENSE
SRR, JFU FRAZ AN A AR T B AN R T
AE. WY Kk BRPIE AN G 1L )5 Notch #ik Fi#Fim
b I S5 R 2 s DT 3R 58 TH  e) Jol
YR S5 DRE. BRI RAW264. 7 7£ LPS
8% INF—y Hl3# F Notch-1 FJZFE L, [FIA} STATI 4K
FIL PR AL SR R, BRI e TLR 5538 B )3 nT
64k Notchl, R mH YT B EANIETIRE . Xu H 12
KB Notch—-RBP-J REAE HE M1 F I 20 g 4% Ak ST il
M2 A

2.3.4 jmjd3 fl IRF4  jmjd3 & &7 Jumonji—C (jmjC)
SEFE L ARG . AT HGEE R, TLRs BYPAE AT
A jmid3 By R IL, TR R 4 (IRF4) 2
jmjd3 AYEEFE , jmjd3 PR AFEN M1 R B
YRR AL, (H M2 22 71 5 0 40 AR £k A2 3 30 )
IRF4 75 TLR 3%, I H IRF4 fFR 0 B W4 i
) M2 2 FhR s P 0 ekt B 5K FHF A A 4R
jmjd3 F TRF4 [ E WA M2 A1,

2.3.5 IRF5 Al IRF8 Tt &= ¥ H + 5 (IRF5) 7E
GM-CSF 52 M1 Wi aRis . IRFS SRS E W2 i
M1 43 TR 0 2k B N0, i HL TRFS 3[R f
BRI/ T LPS 5 N BE R R SE i 320, ik 1509
IRF5 0] DA 5 M1 R 5w 4n fg i ik . Br L,
IRFA-IRF5 A RELERE i AKFJ TR B g 20 i Pk iy
WA, TN T 8(IRFS) Al B 45254 55 M1 A&
FEPHM,

2.3.6 PPAR Xf M2 [(WFESEIRTT sl S b Y mHA S 5 4
WG Z R (PPAR ) & — 41t FLSE TG AL G S -, TR
TEENZREE, LN SRR & M2 E g
Y AT S0, PPAR TE 1L-4 5510 M2 4 g P &k
= B, PPAR L EBR G M2 35 4L i DD et As &
Argl G AN H] 50 %L b dE—E0F5E &P Argl
A T O 3SR - X 8 A — 4> PPARY/RXR 0
Jof, TS, BERNET Agl K
M2 fH Ak, I H IL-4/1L—13/STAT6/PPAR #lif5 5
FEAE M2 (DRI TR 17,

2.3.7 KLF4 X} M1/M2 #9145 Kruppel-like factor 4
(KLF4) & — /N 1% 1P i A5 o i B8 22 48 S R 7
KLF4 ASAUAT DA M1 Ak, R Re ek M2 w4
Mgk, HLE KLF4 Phl] STAT6 fig ik M2 JE [ ) 3¢
ik, [RIISHAH NF-kB ] M1 A fkie,

2.3.8 IR el A (F. hepatica)
W EA I E A T E AN N R SR T,
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P A RSP 2 R R IE B AT LA . FEfEAL
TR R T AR ) A SO SR S A R
SN, 2H Rk i I R e ) AR A e AT e R
WEAH AR RAW264. 7 A2 K& 11-10, PEG2, Tfij IL-
12 BB TICR AR, 2 BRI TE 2 A0 M2,

2.3.9 ABC #5811 ABC #izZE 1, WHR ATP 4%
HaER, B—REARM ATP IS E R, 14l
S PR REROS B (M2) W, f77E ABC ¥5iz
H 1 AL(ABCAL) I FRIE, 7€ ABCAL SR MIE R E
WEA M, LPS/IL-4 5 % s 3R 8 1% & A oA
STAT MR 32 2P Y,

3 BRI R SRFIHX R
3.1 ELWRANARAL i T PE AR A Y B4
i 2 BAAZ A0 TS A6 5 — 2R 80 D R AR A R P A i 2
UTAEIR K BRAFAE M1 I M2 Y HP TADER A8 Y B e 4 i 2k
AL, iR M1 AR M2 FEE RN, B A AN
[F] ) R B AT IS 04 S A ) ) R 6 28 ) L e 24
L, I HATBEE MR U kAR B e, AR
SEAYETERE , X —RF ORI T AN X A2 2
PN R AR U IR PR | AR R

WEPR LPS | TL-4 73BN BB BRI =
% 21 il (bone marrow—derived macrophages, BMDM) ,
AR BIRAR S M1, M2 ELRRANM, SR LPS RS
5 B A Y P e T4 AR 2235 57 AT A5 M2
FEEREANM; [FIRE, SR IL-4 HUS . Bicdfe LPS 4%
LRSS M1 FEE R, M1 R E A g 3
[ HAT M1 A M2 AR, EZ DL M1 AR S 3
T M2 FEE AL DL M2 BRR 5 320 ML FRER M2
FEELWRANME D, “fese” BEPIFN “hrae” BLPA Ry R
ik, EER RR” WMEERAER KR, TR, 4T
HEBEN BT A PR WL G 52 1o BE AR 38 B A 2H 245
P, HiGREME AL B S . AR, XT
K5 E 320 ShB A HA A 4R A
3.2 ELWREANBRAL 159508 1) G &
3.2 M EWRANMS SR R R R, BN
FEAS I A2 A (ML, M2) %6 Jifr e 7 A i VR AN T
M1 Y g 200 i 3o ok 22 b AR % O R 2, T M2
RIEWRAMANIZ S TR ke . ARG (RS
AR, HE RIS eI A AR iR AR
JCVA R Iebdga ML RS S T o i Jed JR vl T 5 £l e e
AHOCEL W 4 M (TAMSs ) [7] M2 B E W 4 i o4k . A ot
FEEHA TAMs 7EMIRE RGBT BCR B M1 BY, 78

HEREI BRI M2 Y, RER SN, 746 T
AL TAMs RAR/r KB M2 19RAS, H 5
JeE IR YT NS B VAR OG . Ak BE Pl it i 5 B o vh
TAMs ()53 RS BE TR R A, BIREa
2 LA R oAy R TAMSs 3824918, 1 L ] i 2 41
) TAMs ik & TR A141, 594 TAMs RFRiA1
SEEAALG, JEE TAMs S8k & AR oA i
44 TAMs IRFRB B E L, IR T2 TAMs =3
RE S AR, Wl 8L SRR BT TAMs Ho A8
K, BENERFPBAL, EAREE,

3.2.2 JRYLPEEEN HUARGLT BRI a2
A G SRR IR R, AR AP B S Y A Y
BogE, AREETIBRR R A K. BRI A IE S
TE A BT BT b 23 I 25 M A AU g ) R A
B RS . ATEE AT EE B3(CVB3 )L
i1 7 B BRC L W L kA ML A, Rl iy T
RSN M2 AT R IR JRE8 Th 20 R Figs S0 iy
PET 0, PLR 2SSO, 382 M1 B g4l
MIAERT 2R O NI b KB EAEH . TES5 AT
JERYL A K3 sh A A BRI, IR L e i R B
M1 B, $E7R5 M1 B W20 A ) T4 i 45 A% S e A ¢
it o THTESS IS PR Ry, S5A% e ki i B g 4 it
] F M2 2820, $/R M2 38 i oo SO A il b e
5 BI85 THia R T M, ek T 45
PR, 8% B M2 A I o] [R] B A SR dr i Al
PRIP T AR LS

3.2.3 Gl HCMEBEE M2 R AN R R SR
AP 25N X (AR S Ny FH AR B G e W 2EE ik ik
B RAE MR . (A Z A YA S0 M2b
I 240 i P T 3 A R ARRE A A DR, i — 2D AIIE K4
Ji . EEREPERL AN TeE SEPTAR— AL VR AU N Y
KA, A Th2 BURIRPERAE . M2 5 2R KR 1R
FHRT S0 A AR A . ARME SR AE . R LA S5, M
20 I E R Ry ) R

3.2.4 HEREEVERN  EZF B 5 SR Tl
AT RS B8 SR JRTRN 5 g 2t Bl B T AL R S . T
58 R L EL g 4 I AT 7E R G PE LD BEARAE (SLE ) A& Hh &
ST FHURP E R R . I TR AR R L
=2 A B (duchenne muscular dystrophy, DMD) =5
AESBEPE LA RSB B S e s, 7EXTHBEY
R B M1-M2 B2 i s A5 AR A FAH B 5% AT E R E
£ B Sy i vh 3 D B ) IR T NSO AR TS,
3.2.5 Fhlkoteife IR R Z — B E A
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REAR A AE Bl Bk ik AR08 AL (atherosclerosis, AS) &% H Y
YER . 76 AS KA R, B W4 it A - v L4 e
WA, FHEH TR B N T I LT 4EIE, Fg
20 i I AT A AN ) B S S B A AN LT
[, A0 TAC 20 o3 1) 24 L PR BB 8 i iR Bk B Ak 7 1
e, MEHERZEMRTE R, TFIT B AS BEHLER AL
[ I AEAE 2 M1 U M2 T8 W20, 3o ol 4 6 ) S5
Jor L B 5 200 X A [R] R TR 5 £ 5 S s I 1) 22
FEMERITTSAVER BEE AS ML, AS sAEBEHzH 20
WE WEAIAN G 2, JEERE AS 28 i AR DR AL
A M1 B% M2 RUE WEANM, AR e B b gl 40
UL M1 B E WG AR e B 2 M2 A
B W20 0 LU (35 A2 AS MRl ABCE K P
Th2 R D 5 1 0TS M2 RS W An i, fe kT4
BIEAL, $EsRBEHRAIRENE. HAh, AR R N
AL SRR X R E Y, 14530 M2 B
W 20 ff 25 933k PPAR, T PPAR SRRt . A1k
AN 71T Xt Rl 1= B SN eyaN =X 11 S s Ta
PRI sh 2 DA, S &t m] S 2R I 4 21
EWEAN A M2 [ M1 $5468, FFIE kupffer 41 B2
SIFERE A, BT kupffer 2075 5 L ) M2 %
AT BE R AR 7 E R B Jt 5 L ) SR,
4 Z5iE

AR RN S PR S A AT W AN I A F B S, B
AAUAR B HAT R TR RE I AR (SR, HR SblEE
IS5 1 SR T 2 A AL R Tl AR, e
TR ZFOIEEMA e, BRrA Sy M1 Al
M2 2 I 40 i 4 AR AR A PR AR o, B X6 ML R
M2 B IAWIIR A, MBS B2 1 43521 435 1Y) 4
i R~ P ) R A s R L PR - A A R [R) )2
WHIRER, A=A B 0IAR . B Rt ZFe
HITARBE AT I R B, WA A b Ak R e g e 1Y
RYER EIIRE, JHERE M1 F1 M2 B 3h 245 2 i At
PRI R R e Sh Bk RERE AL, B AR ]
IHAA7EE M1 AT M2, (B SRRt fR s M1 AT M2 (1)
PR, AR 45 Y 2502 ML T 7 e
BRI e M2 A SAnfEMRh, B0
B2 SR kAR RS M2 RUE AR, T M1 R
2 B AR R B BT IR AR R I B . DR T E
LRI TP 2 T TSGR MO EE . 52 A
£k, PR MR M2 H B i CE R,
&P S 2 EL TR R R Ok
WFFETF R RIRZ Y B A U8 53 o
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Progress in Research of Diabetic Nephropathy Animal Model
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510006 Guangdong, China)

Abstract: Diabetic nephropathy (DN) is one of late diabetic microvascular complications and is the leading cause of
the death of diabetics. But the etiopathogenesis of the DN and the diabetic microvascular complications havent been
elucidated. To study the etiopathogenesis and the interventions of DN, the establishment of an appropriate animal
model is necessary. This paper reviewed the research progress of DN animal models, analyzed the advantages and
disadvantages of experimental, spontaneous and transgenic animal models, and introduced the pathogenic mechanism,

manifestations of the disease, renal pathological changes and current application of each model. This paper will
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