REPFCEAE 2026 45 5 HEE 64 555 14 1) 'g§ fﬁ‘

VAR 20 LR D03 gt 200 A A RS P oo s v 1 1
IR

W, A
1. BRI RE R A — BB R EAG I L, R 5106305 2. ARSEHIEIEHE LB UL, | ARARSE 523900

HEE] B4R, B B ZRACHT. MG 55 B 2 AU s S5 A 2 ALK 3 A AR O I B 25 52 82 5 0C . 7e/ Rl
PO R R BILAE B AR P, B AR IR E W41 ( monocyte-derived macrophage, MoMF ) S 5{Cit i, 4
SEAT, TERIEFTBCO AT 4efl S5 O NE R A A SR, HESh kg . 3 s BRMoMF S i H: 1) 48 52 AU 4 i
BRI T 005 15 R W A I PR, Y T 0 AR SCR AR MoMFAEAC I PO s v i A AL, B 2 AR O
s A I DRV 7 B AT 1) SEURS R SRS

[ RS Es; Bk R ESm,; XERA M

[hE4%EE]R541.8  [XEARIATW]A  [DOI] 10.3969/.issn.1673-9701.2026.14.027

AR R — 2 IR R . RS AT, M
JE 5 B 2 UM PR S A ZE LK 30 (1) 52 2.0 I 45
Joa, TR TR PR O L L TR OG0 LI 55 21 I
PRFRY, KL 2 HLi A e Wt mggn it
VE R RAIE R G0 M, 2Ll Atk I 5%
IYIME ST ARAE RN ARSI UR, L REA A )
R ARG SRR P e Fos . g 4 L AR B A4 A DR ) L e 24
fiftl ( monocyte-derived macrophage, MoMF ), & J&EE
WE A A 3 ST TR AR TIRE s TTMOMFAE R AT i rh
55, R R AN . AR R IR
MoMF 1] B P 5 REA T AR -, sZma UL
WAy, HERA A R e S X Gk Co e i)
S PR RRAT 2520 . AN SCH AT MoMFZEA R
MRS A ERA B FHALS], R GE AR HAE S0
N O A A S T A A e, T
M MoMF (G HE S T, LA IZ By 7 7
EHBE A AR BRI S R T 0]

1 GO AR R RER B SRR i 2
1.1 KIERA

FEAR P O R R A9 5 BELA: B AR v, 2 PEAIR
JE 4 B SE R AR O IRBIE o AR IS 1Y
RN F B TR ZE BT | & Ak R b AR
BRI R EI R R . — 7, BHE R
AL IR 4R sk o e+, PEELIEH AR
W RE . Q0 R T 20 43 A A C-C 3 I a1k R B A
2 ( C-C motif chemokine ligand 2, CCL2) AJfEiErH

HEWH: FoemitaLERE T AT E (20231800940092 )
BIS(EE: BREM, W54 : 85010179@163.com

CHINA MODERN DOCTOR Vol. 64 No.14 May 2026

M R B SUERES . CCL2JE—Fh i S0 4%
N =L S e N e ey e e 0t = S el U e S B A
Y. B 7 240 A VR A L i U R T ST I I 4 i
Toll#£23Z{& ( Toll-like receptor, TLR ) 455 %,
FEAR 25 AL RS E S R ARG ERT . B B 4n
55 B g A i 2z [ 3 AT 3 2ok 3 2 1 7 1 0 g S K [
F-o (tumor necrosis factor-a, TNF-a) 4 FA95%5>
WAAH ELAE IR IR I L R AEY . S —r i, R
KT S IR AT R e S RE SR o = i 2
BEIRSE S, O WLANME . BRET 2 20 i 00 I v 240 i
T 2 AU N Sl BB S, R R B
(nuclear factor-xB, NF-xB) {5518 B A0S vl 42 vk
TNF-o /2 (interleukin, IL ) -6 RAES
IR, TR R ONErR , 2RISR
Wz, PRI, Alaeh B B 7 at,
FEA R R, 51k EEEE MR iAD)
AERRAS . SRR A S M 480 (reactive oxygen
species, ROS) MF=A:, FFhnRElCAE AN AT R AE
F i
1.2 AREXKE

TEACHIE O RS Y, 18k A f 5 1Y) g 2
Ja BRI NEF R4, 302 T BUR I 53 B0 B 10 )
£ (heart failure with preserved ejection fraction,
HFpEF ) KA M CHEIATT . MR BE AL LR ) )
AITEAMIAN L B AR R TR SORE O s H 4 A4
FETUER 1 i R A R A T S B0™ 5 .0 I B
S, Bl REFIRIIBERER Y TL-6%5 4 R K F nli



REFCEAE 2026 45 5 HEE 64 555 14 1)

FREANL, TSI IS AN AL B A
LT Bl A H AL O AR L AR5 5 9Bk, By
€ BCHF pEF HO JJUIBRE 14 T e -5 A 2 i 1 5C S
PR AR SR TR ARAE I T AR — S A R S PR T
MR, BRIUT B R, fie
FEOWUBRAAEREAR, sl &7 skaaesz .

2 DB B 2 R IR B MoMF4F1E

EL W2 2 — 2 D RE AR EAT Z R e 2
Jl; ARAEDIRERT oML, M2RUE AL, HrhMI
E AR S 9 SONARDG, M2 g2 ) 5=
B 5 YRERIIHI" . REMIUM2432) 12 N T2
ARFE, AHX— AR R AR R, JEHA M2 A 3
YRR RSN T A AEMI B B A, AR o4
W E AR DI RE S I L ) 240
WA, BAE AT ONIEINE . Eer4dii 5 m
I T e 151 R 15 N = 2 S B =Y 2 D PN
7 R E R BRI AIMoME . %€ J& W4 e IR
GHADN SRR IR R AN, TER IR RGN
FIRPC e, it AR SR, ARSI
AMEAINE AR A . SR E VR 55
AP SR RE,

MoMF i I B8 B AZ A ML, A O 23
N HA ZHRB SR E VG, ERSIRE
UL AR — 2 B S I A R O L M A A
TN LR (A T A0 4R 40 A 2 1T C-C B8 3 Ak IR - 32 A
( C-C motif chemokine receptor, CCR ) 2f3k /K-
— X AR EA AR DRER R IAE . CCRIY
IR T 2 W 00 240 i 2% TR 1) B A AR Ak B I g A
FRLFR SRR, DL b 5 i A SRy o U 5 e 4 25 1) o
TRk, CCR2F MELIAR AT P A=A R PR A R 7
PR R 2 R R A AR A, I AR U EAT
Btk A=t ke RRE R B d T
A SRR . FEXFMEOLT, B Vg n &4
AT B M2 EL AR, 22 A I T S W XoF
AR, AT, MoMFil i3 CCL2/CCR2%H M Ak
JE Ll B 2O E, N REE S . AR TFRAS AN
T, TERAE . LS AN I A R FE ) S Bl A
ARG BR S R Z I AS, Sk IMoMF,
BAR R EBAET 15 S L ME AN B AR AT A —
FE AL, {HMoMFFIXE J& Wik 41 g 7 3¢ 751 Fil 1)
BB DAFfE R 225, O TR ST i) T TR s 2
E A D) B Y 52 2 M HAE FHPILAR i AR 56 4= B A
MoMF 5 7 J& L WA B AN [ SRS T A B4R Dy

CHINA MODERN DOCTOR  Vol. 64 No. 14 May 2026

Pyita dE—HRE o

3  MoMFZER 1O B iR R IR £ IR 1E F

PR 5 U U S ARSI O s B SRR 2, L
U BRASAE AL FE A P 5 & 1 AR AL AL WLER
b FEOHERIE BT, eI CCR2 T BH
Wi A A O S, W A AR R, B
ARINfE, IV R R LF 4EAL I RRE RN, HE—
HAIFSMoMF A S0 I 155, CCL2/CCR24il ¢
X—id R E R DU R TS
FCCL2FRIAIKN- L, G CCR2 BUAZ AN K 5%
. XEAIMRIEONES , ko (R R AL E mEA
Jitl, S BTENF-xBAE (5 510 B A E O WLEF 4 b 5 45
FIEA™, EATIFFE R >MoMFI i FITF S n] i
EORAH IR BB, IR OMESAE RV, FE
AP T, MoMFAECMER S h 1 EE BRI
ZM

TEAEREARDG AR O OIEAIE T, MoMF
ERHES5E RIS S N R
FALCWIEFIRDIRERERS, FFRE LB/ TR R 2t
FVEAEAR 2R, MR- B5 - . e e nEAin ik
FE O NLEF K I BERLRS A AR AR e O G 5
PR, CCR2/AG RS S% K3/ TR bl s
PSR BH WA s A AT REAE IR . AR EIR S
T, EREAE A RMIREAL, RS
SHAEMOoMF , - [l e ik 2 ZHHT-5 R A AN 32 A
R FERI HAS T RREIRES T, MBI AL 7 2],
FEURR SPR VKA, fEFHFpEFEREM, Xk
FFEE— 4 2 B MoME X AR AR G O RS 14 2 A %
[ EER

4 BEBTRESAERE
EFXTMoMFYARYT , I ) A G I5HAH G 58 i vl B
h—FAa B IR YT MG . NF-xBAE A 4 0E 2 Y B
L g i ] I R AR R T R A R,
JE SR E TN o BELIBTNE - BAZ PN B A7 s 41 i) e 3 £
SOy F AU RO SAREA BRI, AN AT
F AN [ MO T AL, 38 AT 3 Bk e O LT A
FERERY ZouZe B3 o #10 [r] i A DR UL 3 it 2 1 9k
it B A 5308 5% a2 15 g 200 Y8 2 £ 8 4 4 PR 1
FEAE, fRUEM2 RN B AR RO AL . TR R LA
TV R Tl 15 S TNF-aff 35 3405 c-Jun & i i
T R L E AN D R, RS | & A E L
IR ER 5. ATAR G ARG S TR R 7=



REPFCEAE 2026 45 5 HEE 64 555 14 1)

360 1ok A AT L [T B AP s 4 A Ak 3 Tl e 4R 3%
RUEGAR WD IHEE RE NS, B S
e S N Bt SR 17 A DR 3355308 6 ERLAZ A L 1) I 4
MLy oAb FEAE R, AR AT A A ] 58
S S5 7 - BEL L PR 240 B ) 5 2 A

RELDBT B2 210 B/ 5 s 240 A B 2 A T S5 Y MOoMF
IRITRIGZ — . TEAAERERTE R, oA R4 b i A8
Y AG R 3 -15 A A AR R PUR -4 255 X R
AR 2 DR 2 O, Fe il — 5
ARV FH RT A 2550 L Lk B 200 0 [ 6 TR A 5 AR,
) EFE G5 F-A (junctional adhesion molecule-A ,
JAM-A ) BUESE a4 SAZ A0 ff s N Je ke, i —
AU RO WE L 2R S ST FE AR R
JAM-AGE R /D ROS ™ HE i SRE SR o I 15 L
S 0L P AL A E T R — RGBT T A A B 8T
DL, HOZEVE R AT EIE T An i ak & A Al
AU S RAE, AT B AN A TR 05 10
SR S f 4R I BB A R E R

5 g

AR OB 2 i QI 2 AL AR Bl R P A R AE AR
&, HAZ O B O LA 4R AL 5 &7 5Kk DD RE ey
MOoMFTERAE I « AILUHE R L0 e ik Ji rp R 4550
SEVER, b LA I 9 0 JE A £ 22 ) ) AT
2. i PAMRA BRI A E, MoMF 5 i 1k
S OIRERY AT IR PE R IR AT, ARAT A S A
IR THE SR T 00 S5 10 7 BT AR ) T

FUZSMZE.: FTAVEE I BV RALEA B,

(5% 3CH]

[1] NISHIDA K, OTSU K. Inflammation and metabolic
cardiomyopathy[J]. Cardiovasc Res, 2017, 113(4): 389-398.

[2] WYNNT A, CHAWLA A, POLLARD J W. Macrophage
biology in development, homeostasis and disease[J].
Nature, 2013, 496(7446): 445-455.

[3] ZHANG H, CAI D, BAI X. Macrophages regulate the
progression of osteoarthritis[J]. Osteoarthritis Cartilage,
2020, 28(5): 555-561.

[4] BROWN B N, RATNER B D, GOODMAN S B, et al.
Macrophage polarization: An opportunity for improved
outcomes in biomaterials and regenerative medicine[J].
Biomaterials, 2012, 33(15): 3792—-3802.

[5] OSBORN O, OLEFSKY J M. The cellular and signaling

networks linking the immune system and metabolism in

[10]

[11]

[12

—_—

[13]

[14]

[15]

[16]

CHINA MODERN DOCTOR Vol. 64 No.14 May 2026

. 23 iR -

disease[J]. Nat Med, 2012, 18(3): 363-374.

HANNA A, FRANGOGIANNIS N G. Inflammatory
cytokines and chemokines as therapeutic targets in heart
failure[J]. Cardiovasc Drugs Ther, 2020, 34(6): 849-863.
FRESNO M, ALVAREZ R, CUESTA N. Toll-like
receptors, inflammation, metabolism and obesity[J].
Arch Physiol Biochem, 2011, 117(3): 151-164.

ENGIN A B. Message transmission between adipocyte
and macrophage in obesity[J]. Adv Exp Med Biol, 2024,
1460: 273-295.

VOLZ H C, SEIDEL C, LAOHACHEWIN D, et al.
HMGBI: The missing link between diabetes mellitus and
heart failure[J]. Basic Res Cardiol, 2010, 105(6): 805-820.
JIA G, WHALEY-CONNELL A, SOWERS J R.
Diabetic cardiomyopathy: A hyperglycaemia- and
insulin-resistance-induced heart disease[J]. Diabetologia,
2018, 61(1): 21-28.

FRANGOGIANNIS N G. Cardiac fibrosis: Cell biological
mechanisms, molecular pathways and therapeutic
opportunities[J]. Mol Aspects Med, 2019, 65: 70-99.
SCHIATTARELLA G G, ALCAIDE P, CONDORELLI
G, et al. Immunometabolic mechanisms of heart failure
with preserved ejection fraction[J]. Nat Cardiovasc Res,
2022, 1(3): 211-222.

PAULUS W J, TSCHOPE C. A novel paradigm for heart
failure with preserved ejection fraction: Comorbidities
drive myocardial dysfunction and remodeling through
coronary microvascular endothelial inflammation[J]. J
Am Coll Cardiol, 2013, 62(4): 263-271.

MARTIN K E, GARCIA A J. Macrophage phenotypes
in tissue repair and the foreign body response:
Implications for biomaterial-based regenerative
medicine strategies[J]. Acta Biomater, 2021, 133: 4-16.
YANG F, FENG W, WANG H, et al. Monocyte-
derived leukemia-associated macrophages facilitate
extramedullary distribution of T-cell acute lymphoblastic
leukemia cells[J]. Cancer Res, 2020, 80(17): 3677-3691.
HULSMANS M, CLAUSS S, XIAO L, et al.
Macrophages facilitate electrical conduction in the
heart[J]. Cell, 2017, 169(3): 510-522.

LAZAROV T, JUAREZ-CARRENO S, COX N, et al.
Physiology and diseases of tissue-resident macro-
phages[J]. Nature, 2023, 618(7966): 698-707.
EPELMAN S, LAVINE K J, BEAUDIN A E, et al.

Embryonic and adult-derived resident cardiac macro-



L] —Ij.il-{ J‘i_‘;- L]

[19]

—
[\
S

=

[22

—_—

(23]

[24

[

[25

—_

[26]

[27]

[30]

[31]

phages are maintained through distinct mechanisms
at steady state and during inflammation[J]. Immunity,
2014, 40(1): 91-104.

WONG N R, MOHAN J, KOPECKY B J, et al. Resident
cardiac macrophages mediate adaptive myocardial
remodeling[J]. Immunity, 2021, 54(9): 2072-2088.
HASHIMOTO D, CHOW A, NOIZAT C, et al. Tissue-
resident macrophages self-maintain locally throughout
adult life with minimal contribution from circulating
monocytes[J]. Immunity, 2013, 38(4): 792-804.
SAGER H B, HULSMANS M, LAVINE K J, et al.
Proliferation and recruitment contribute to myocardial
macrophage expansion in chronic heart failure[J]. Circ
Res, 2016, 119(7): 853-864.

DILLMANN W H. Diabetic cardiomyopathy[J]. Circ
Res, 2019, 124(8): 1160-1162.

CHEN B, FRANGOGIANNIS N G. The role of
macrophages in nonischemic heart failure[J]. JACC
Basic Transl Sci, 2018, 3(2): 245-248.
FRODERMANN V, NAHRENDORF M. Macrophages
and cardiovascular health[J]. Physiol Rev, 2018, 98(4):
2523-2569.

WEISBERG S P, HUNTER D, HUBER R, et al. CCR2
modulates inflammatory and metabolic effects of high-
fat feeding[J]. J Clin Invest, 2006, 116(1): 115-124.
KANDA H, TATEYA S, TAMORI Y, et al. MCP-1
contributes to macrophage infiltration into adipose
tissue, insulin resistance, and hepatic steatosis in
obesity[J]. J Clin Invest, 2006, 116(6): 1494—1505.

LIU H, HUANG Y, ZHAO Y, et al. Inflammatory
macrophage interleukin-1p mediates high-fat diet-
induced heart failure with preserved ejection fraction[J].
JACC Basic Transl Sci, 2022, 8(2): 174—185.

ZHANG L, HAN H, XU A, et al. Lysozyme 1 inflamed
CCR2" macrophages promote obesity-induced cardiac
dysfunction[J]. Circ Res, 2024, 135(5): 596—613.
ROHM T V, MEIER D T, OLEFSKY J M, et al.
Inflammation in obesity, diabetes, and related
disorders[J]. Immunity, 2022, 55(1): 31-55.
SANSONETTI M, AL SOODI B, THUM T, et al. Macrophage-
based therapeutic approaches for cardiovascular diseases[J].
Basic Res Cardiol, 2024, 119(1): 1-33.

ZHANG J, ZHANG R, LI W, et al. IkB kinase B (IKK):

CHINA MODERN DOCTOR Vol. 64 No.14 May 2026

REFCEAE 2026 45 5 HEE 64 555 14 1)

Structure, transduction mechanism, biological function,
and discovery of its inhibitors[J]. Int J Biol Sci, 2023,
19(13): 4181-4203.

[32] ZOU X Z, HAO J F, HOU M X. Hmgcs2 regulates M2
polarization of macrophages to repair myocardial injury
induced by sepsis[J]. Aging (Albany NY), 2023, 15(15):
7794-7810.

[33] MOON S H, CHUNG I, YOON N H, et al. Targeting
proprotein convertase subtilisin/kexin type 7 in
macrophages as a therapeutic strategy to mitigate
myocardial infarction-induced inflammation[J]. BMB
Rep, 2024, 57(12): 553-558.

[34] LIU M, CAO Y, HU Y, et al. MiR-199a-3p restrains

foaming and inflammation by regulating RUNX1

in macrophages[J]. Mol Biotechnol, 2022, 64(10):

1130-1142.

PICKETT J R, WU Y, ZACCHI L F, et al. Targeting

endothelial vascular cell adhesion molecule-1 in

[35

—_

atherosclerosis: Drug discovery and development of vascular
cell adhesion molecule-1-directed novel therapeutics[J].
Cardiovasc Res, 2023, 119(13): 2278-2293.

[36] IMANPARAST F, PAKNEJAD M, FARAMARZI
M A, et al. Potential of mZD7349-conjugated PLGA
nanoparticles for selective targeting of vascular cell-
adhesion molecule-1 in inflamed endothelium[J].
Microvasc Res, 2016, 106: 110-116.

[37] OSTERMANN G, FRAEMOHS L, BALTUS T, et al.
Involvement of JAM-A in mononuclear cell recruitment
on inflamed or atherosclerotic endothelium: Inhibition
by soluble JAM-A[J]. Arterioscler Thromb Vasc Biol,
2005, 25(4): 729-735.

[38] SHU F, LU J, ZHANG W, et al. JAM-A overexpression

in human umbilical cord-derived mesenchymal stem

cells accelerated the angiogenesis of diabetic wound
by enhancing both paracrine function and survival of

mesenchymal stem cells[J]. Stem Cell Rev Rep, 2023,

19(5): 1554-1575.

SCHILPEROORT M, NGAI D, SUKKA S R, et al. The

role of efferocytosis-fueled macrophage metabolism in

[39

—

the resolution of inflammation[J]. Immunol Rev, 2023,
319(1): 65-80.
(ISR H . 2025-09-11)
(ERIHH: 2025-12-13)





