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[Abstract] Neurological diseases have always been a major challenge in the field of medicine, and the role of macrophage
polarization in them has attracted much attention in recent years. Macrophages have different polarization states , including M1 type and
M2 type, which play a key role in the occurrence and development of neurological diseases. In neuroinflammation, M1 - type
macrophages may exacerbate damage, while M2 -type macrophages contribute to tissue repair and nerve regeneration. Studies have
found that the imbalance of macrophage polarization is closely correlated with a variety of neurological diseases, such as Alzheimer’s
disease, multiple sclerosis, and traumatic brain injury. In response to this phenomenon, some progress has been made in drug research,
and new drugs are designed to regulate the polarization of macrophages to reduce inflammation and promote nerve repair. Some drugs
regulate the polarization of macrophages by inhibiting specific signaling pathways, while others work by targeting cytokines or
receptors. However, there are still many challenges in the current research, such as the safety and effectiveness of the drug, and the
complexity of the mechanisms. This paper summarizes the different polarization phenotypes and main functions of macrophages
stimulated by different microenvironmental signals, and focuses on the role of macrophage polarization in nervous system diseases as
well as clinical disease treatment strategies targeting macrophage polarization, which will bring new hope for the treatment of nervous
system diseases.
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Figure 1 The mechanism of drugs treating neurological diseases by regulating macrophage polarization
Therapeutic drugs Target of action Mechanism Reference
Carnosol IL-1,1L-6,iNOS, NF-«B, Inhibiting NF-kB and STAT3 phosphorylation, block- ~ [41]
COX-2, IL-17, Rorc, Irf4, and ing Th17 differentiation and NF-kB nuclear transloca-
Batf tion, reducing the infiltration of inflammatory cells
into the central nervous system, and alleviating demy-
elination
Antibiotic mixture (ampicillin, CCR1/CCL7, CCR7, CCR8, Regulating chemokines and their receptor expression  [42]
metronidazole,neomycinsulfate, CXCLI12(SDF-1a),CD4* FoxP3", associated with regulatory Th cells(CD4" and FoxP3")
and vancomycin) CXCL13, Argl, and TNFa
Lenalidomide CD4%,1L-10, STAT3, Tyrl, and Promoting the expression and secretion of IL10, sub-  [43]
Argl sequently phosphorylating STAT3 Tyrl, and inducing
the formation of M2 macrophages
Forskolin Argl, Mrel, Fizzl, Ym1, CD86, Synergistically activating the ERK pathway with IL-4  [44]
NO, CD4', and Cyclic AMP to promote M2 polarization
Ivermectin CD4%, CD8",iNOS, MRC1", and Enhancing P2X4R signaling through the allosteric ~ [45]
Ca™ regulator ivermectin, facilitating the transition of mi-
croglia cells to an anti - inflammatory phenotype, en-
hancing myelin phagocytosis
Myeloid epithelial reproduc- CD16, CD32,iNOS, IL-10, and Activating the signal transducer and activator of tran-  [46]
tive tyrosine kinase STATI1 scription 1 (STATI ) /eytokine signal transducer

repressor 1/3 (SOCS1/3) pathway, significantly reduc-
ing M2 - like polarization of microglia/macrophages

while increasing M 1-like polarization by inhibiting Mer




45 551 1
20251 H

MRS P, 4ok, BN BEARALAEAT 2 R Ge s b AR R 25 e kR [ .
M ERR AR (H AR 2ERD , 2025,45(1): 127-132

° 131 -

signed the research, wrote, reviewed, and revised the manuseript.

(5% 3k ]

[1]

[2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

LIU LY, STOKES J V, TAN W, et al. An optimized flow
cytometry panel for classifying macrophage polarization[J].
J Immunol Meth,2022,511: 113378

HUANG X, LI Y, FU M G, et al. Polarizing macrophages
in vitro[ J]. Methods Mol Biol, 2018, 1784: 119-126
DONNINELLI G, SARAF-SINIK T, MAZZIOTTI V, et al.
Interleukin-9 regulates macrophage activation in the pro-
gressive multiple sclerosis brain [J]. J Neuroinflamma-
tion, 2020, 17(1): 149

ROSS E A, DEVITT A, JOHNSON J R. Macrophages: the
good, the bad, and the gluttony[J]. Front Immunol, 2021,
12:708186

YUNNA C, MENGRU H, LEI W, et al. Macrophage M1/
M2 polarization[J]. Eur J Pharmacol, 2020, 877: 173090
ANDERS C B, LAWTON T M W, AMMONS M C B. Meta-
bolic immunomodulation of macrophage functional plas-
ticity in nonhealing wounds [J]. Curr Opin Infect Dis,
2019,32(3):204-209

LIN Y H, WANG Y H, PENG Y ], et al. Interleukin 26
skews macrophage polarization towards M1 phenotype by
activating c-Jun and the NF-kB pathway[J]. Cells, 2020,
9(4):938

WANG F F, RAO D C, JIN S'Y, et al. The effect of ost-
hole on lipopolysaccharide-induced macrophages polariza-
tion and inflammatory reaction[J]. Shanghai J Stomatol,
2022,31(3):255-259

CARTY M, KEARNEY J, SHANAHAN K A, et al. Cell
survival and cytokine release after inflammasome activa-
tion is regulated by the toll-IL-1R protein SARM[J]. Im-
munity, 2019, 50(6): 1412-1424

OWEN A M, LUAN LL M, BURELBACH K R, et al. MyD88
- dependent signaling drives toll - like receptor - induced
trained immunity in macrophages [J]. Front Immunol,
2022, 13: 1044662

LYU Q K, VELDHUIZEN E J A, LUDWIG I S, et al. Char-
acterization of polarization states of canine monocyte de-
rived macrophages[J]. PLoS One, 2023, 18(11): 0292757
B, A TRATL LE R Gl 858 v 1 S e 1 5 4
AL LD ], KA AR, 2023

WANG P X. Immunomodulatory effects and mechanisms
of recombinant TRAIL in the tumor microenvironment[D].
Changchun: Jilin University, 2023

LEE J Y, WONG C Y, KOH R Y, et al. Natural bioactive
compounds from macroalgae and microalgae for the treat-
ment of Alzheimer’ s disease: a review[]]. 2024, 97(2):
205-224

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

WANG L X, ZHANG S X, WU H ], et al. M2b macro-
phage polarization and its roles in diseases[J]. J Leukoc
Biol, 2019, 106(2):345-358

HU S J, XU J M, WU M D, et al. Exploration of the mech-
anism of reinfusion of fresh autologous blood in type 2 dia-
betes mice to induce macrophage polarization and inhibit
erythrocyte damage[ J]. J Diabetes Investig, 2024, 15(1):
70-77

XIA T T, ZHANG M, LEI W, et al. Advances in the role
of STAT3 in macrophage polarization[J]. Front Immunol,
2023, 14: 1160719

DING L, FU W J, DI H Y et al. Expression of long non-
coding RNAs in complete transection spinal cord injury: a
transcriptomic analysis [J]. Neural Regen Res, 2020, 15
(8):1560-1567

NAKAMURA R, BING R J, GARTLING G J, et al. Gluco-
corticoid dose dependency on gene expression in vocal
fold fibroblasts and macrophages [J]. Laryngoscope,
2023,133(5):1169-1175

WANG Q S, NI H, LAN L, et al. Fra-1 protooncogene reg-
ulates IL-6 expression in macrophages and promotes the
generation of M2d macrophages [J]. Cell Res, 2010, 20
(6):701-712

FEAR, BUCHL, FRBOT , S5 AN 2l B PR E L
IG5 A LT S L U A0 A e AR 5 APP/PS T /N BRI
DIReL)]. s EZHL TREWEIL, 2022,26(26): 4166-4172
WANG Y Y, WEI W Y, GUO M F, et al. Bushen Yizhi
Anti - aging prescription improves cognitive function of
APP/PS1 mice by regulating microglia and macrophage
polarization [J]. Chin J Tissue Eng Res, 2022, 26 (26) :
4166-4172

HSIEH S W, HUANG L C, CHANG Y P, et al. M2b mac-
rophage subset decrement as an indicator of cognitive
function in Alzheimer’s disease[J]. Psychiatry Clin Neu-
rosci, 2020, 74(7):383-391

TWAROWSKI B, HERBET M. Inflammatory processes in
Alzheimer’ s disease - pathomechanism, diagnosis and
treatment: a review[J ]. Int J Mol Sci, 2023,24(7): 6518
DEVANNEY N A, STEWART A N, GENSEL J C. Microg-
lia and macrophage metabolism in CNS injury and dis-
ease: the role of immunometabolism in neurodegeneration
and neurotraumal J ]. Exp Neurol, 2020, 329: 113310
WILCOCK D M, HURBAN J, HELMAN A M, et al. Down
syndrome individuals with Alzheimer’ s disease have a
distinct neuroinflammatory phenotype compared to spo-
radic Alzheimer’s disease[J]. Neurobiol Aging, 2015, 36
(9):2468-2474

BELLENGUEZ C, KUGCUKALI F, JANSEN I E, et al. New

insights into the genetic etiology of Alzheimer’ s disease



- 132 - [T

R

FA5 L1
20251 H

¥k

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

and related dementias[J]. Nat Genet, 2022, 54(4): 412—
436

KANG N N, LIANG X, FAN B X, et al. Endothelial -spe-
cific molecule 1 inhibition lessens productive angiogene-
sis and tumor metastasis to overcome bevacizumab resis-
tance[J]. Cancers, 2022, 14(22): 5681

TRAVERS B S, TSANG B K T, BARTON ] L. Multiple
sclerosis: diagnosis, disease -modifying therapy and prog-
nosis[J]. Aust J Gen Pract,2022,51(4):199-206

CHEN Y Q, WANG SN, SHI'Y J, et al. CRID3, a blocker
of apoptosis associated speck like protein containing a
card, ameliorates murine spinal cord injury by improving
local immune microenvironment [J]. J Neuroinflamma-
tion, 2020, 17(1): 255

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

SKOTLAND T, HESSVIK N P, SANDVIG K, et al. Exo-
somal lipid composition and the role of ether lipids and
phosphoinositides in exosome biology [J]. J Lipid Res,
2019,60(1>:9-18

SHECHTER R, MILLER O, YOVEL G, et al. Recruitment
of beneficial M2 macrophages to injured spinal cord is
orchestrated by remote brain choroid plexus[J]. Immuni-
ty,2013,38(3):555-569

LI T, PENG M Z, YANG Z Z, et al. 3D-printed TFN-y-
loading calcium silicate - 3 - tricalcium phosphate scaffold
sequentially activates M1 and M2 polarization of macro-
phages to promote vascularization of tissue engineering
bone[J]. Acta Biomater,2018,71:96-107

YAO A H, LIU F F, CHEN K, et al. Programmed death 1
deficiency induces the polarization of macrophages/mi-
croglia to the M1 phenotype after spinal cord injury in
mice[ J]. Neurotherapeutics, 2014, 11(3): 636-650
KUMAR A, ALVAREZ-CRODA D M, STOICA B A, et al.
Microglial/macrophage polarization dynamics following
traumatic brain injury[J]. J Neurotrauma, 2016, 33(19):
1732-1750

GAN Z S, WANG Q Q, LI J H, et al. Iron reduces M1 mac-
rophage polarization in RAWa7 macrophages associated
with inhibition of STATI[J]. Mediators Inflamm, 2017,
2017:8570818

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

PANTANO F, BERTI P, GUIDA F M, et al. The role of
macrophages polarization in predicting prognosis of radi-
cally resected gastric cancer patients[J]. J Cell Mol Med,
2013, 17(11): 1415-1421
DU R H,SUN H B, HU Z L, et al. Kir6.1/K-ATP channel
modulates microglia phenotypes: implication in Parkin-
son’ s disease[ J]. Cell Death Dis, 2018,9(3): 404
TANG Y, LE W D. Differential roles of M1 and M2 mi-
croglia in neurodegenerative diseases[J]. Mol Neurobiol,
2016,53(2):1181-1194
SONG G J, SUK K. Pharmacological modulation of func-
tional phenotypes of microglia in neurodegenerative
diseases[ J ]. Front Aging Neurosci,2017,9: 139
VEZZANI A, VIVIANI B. Neuromodulatory properties of
inflammatory cytokines and their impact on neuronal
excitability[J]. Neuropharmacology, 2015, 96 (Pt A): 70—
82
LI X, ZHAO L, HAN J J, et al. Carnosol modulates Th17
cell differentiation and microglial switch in experimental
autoimmune encephalomyelitis[J . Front Immunol, 2018,
9: 1807
SEIFERT H A, BENEDEK G, NGUYEN H, et al. Antibi-
otics protect against EAE by increasing regulatory and
anti - inflammatory cells [J]. Metab Brain Dis, 2018, 33
(5):1599-1607
WENG Q J, WANG J Y, WANG J J, et al. Lenalidomide
regulates CNS autoimmunity by promoting M2 macro-
phages polarization[J]. Cell Death Dis,2018,9(2):251
VEREMEYKO T, YUNG A W Y, DUKHINOVA M, et al.
Cyclic AMP pathway suppress autoimmune neuroinflam-
mation by inhibiting functions of encephalitogenic CD4 T
cells and enhancing M2 macrophage polarization at the
site of inflammation[J]. Front Immunol, 2018, 9: 50
ZABALA A, VAZQUEZ-VILLOLDO N, RISSIEK B; et al.
P2X4 receptor controls microglia activation and favors re-
myelination in autoimmune encephalitis [J]1. EMBO Mol
Med, 2018, 10(8): e8743
WU H J, ZHENG J W, XU S B, et al. Mer regulates mi-
croglial/macrophage M1/M2 polarization and alleviates
neuroinflammation following traumatic brain injury [J]. J
Neuroinflammation, 2021, 18(1):2

(Bis BT 2024-07-03

(AR BRSO



