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[Abstract]

Recently, with advancements in science and technology, humans have found that macrophages play

essential roles in many diseases, which has become a new focus of research on disease diagnosis and treatment.

As traditional Chinese medicine is one of the main tools for disease prevention and treatment, research on its

macrophage polarization deserves attention. In this paper, we summarized the effects of traditional Chinese

medicine on macrophage polarization in areas such as inhibition of M1 macrophage polarization, inhibition of M2

polarization, and effects on reversal of M1/M2 macrophage phenotype.

[Key words]

1 Introduction

Macrophages are widely distributed in the
human body and play vital roles in the development
and maintenance of homeostasis. As an important
component of the innate immune system,
macrophages are derived from monocytes, which
are differentiated from the monocytic myeloid
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lineage in the bone marrow. Macrophages have
high plasticity and heterogeneity and play key roles
in inflammatory responses, tumor immunity, and
tissue repair. In response to different environmental
stimuli, mature macrophages will polarize into
two distinct phenotypes: classically activated
macrophages (M1) and alternatively activated
macrophages (M2). Macrophages will polarize into
M1 macrophages with highly expressed inducible
nitric oxide synthase (iNOS), interleukin-12
(IL-12), and CD16/32, under the induction of
interferon-y (INF-y), lipopolysaccharide (LPS), and
tumor necrosis factor-a (TNF-a). INF-y, LPS, and
TNF-a regulate and promote the immune responses
of Thl and Th17 and inhibit tumorigenesis, but
may also damage healthy tissues. Alternatively, M2
macrophages are induced and activated by IL-4,
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IL-13, IL-10 and highly express argininase-1 (Arg-
1), CD206, and IL-10, etc. They have anti-infective
effects, promote Th2 immunity, participate in
lipid metabolism, allergic reactions, and tumor
progression!' . M2 macrophages can be further
divided into three subtypes: M2a (induced by IL-4
or IL-13), M2b (induced and activated by LPS
and immune complexes), and M2c [induced by
glucocorticoids, IL-10, or transforming growth
factor (TGF)-f]. According to current studies,
many pathways are associated with macrophage
polarization, such as c-Jun N-terminal kinases
(JNK), PI3K/Akt, Notch, and JAK/STAT".
Recently, some progress has been made on
studying the effects of traditional Chinese medicine
on macrophage polarization, which has important
significance in clinical disease treatment, and are
summarized in the following sections.

2 Inhibition of M1 macrophage
polarization

2.1 Active ingredients in traditional
Chinese medicine

M1 macrophages have pro-inflammatory
and antineoplastic effects. The active ingredient
of traditional Chinese medicine, curcumin,
has anti-infective, antioxidant, anti-fibrosis,
and antineoplastic effects*”). It can inhibit the
activation of TLR4-MAPK/NF-«xB signaling
pathway and decrease phosphorylation levels of
P38/ERK/INK/IxBa/P65, thereby inhibiting M1
polarization and decreasing the expression of the
inflammatory factors, TNF-a and IL-6". Studies
have found that the traditional Chinese medicine,
berberine, impacts the energy metabolism of the
adipose tissues, decreases the expression of pro-
inflammatory factors, and decreases macrophage
recruitment, thereby inducing the adipose tissues
into M2 macrophage polarization'”. Loganin, an
active ingredient in Cornus officinalis, impacts
macrophage polarization, caused by advanced

glycosylation end-products (AGEs), by inhibiting
M1 macrophage polarization and promotes M2
polarization by mainly acting on the RAGE/
RBP-J/IRF8 signaling pathway™. Studies showed
that polysaccharides of Ganoderma atrum
inhibit IL-14, NO, and ROS synthesis, thereby
inhibiting the polarization of M1 macrophages.
Additionally, polysaccharides of Anoderma atrum
can upregulate MR expression and IL-10 levels in
LPS-treated macrophages, thereby promoting the
polarization of M2 macrophages". Another study
found that pseudolaric acid inhibits LPS-induced
inflammatory responses in RAW 264.7 cells and
suppresses the macrophage bias toward the M1
phenotype, which is associated with the impact
of cell cycle distribution regulation of the F-xB/
PPARy pathway''”. As an active ingredient of
ginseng, ginsenoside Rd (GSRd) regulates M1
macrophage polarization to reduce macrophage
infiltration and secretion of inflammatory cytokines.
Therefore, GSRd plays a protective role in renal
ischemia-reperfusion injuries""). Salidroside (SLDS)
obtained from the root extract of Rhodiola rosea,
affects decreases in the polarization of cortical and
striatal M1 macrophage/microglial cells in mice
with middle cerebral artery occlusion and increases
in the polarization of M2 macrophage/microglial
cells. These results provide evidence that SLDS
drives M2 polarization''”. The above experiments
showed that traditional Chinese medicine’s active
ingredients could regulate related protein pathways
or cytokines, impacting macrophage polarization.

2.2 Traditional Chinese medicine compound

Sinisan, which is composed of Bupleurum
chinense, Paeonia sterniana, Aurantii fructus
immaturus, and Glycyrrhiza uralensis, has anti-
infective effects. LPS-stimulated RAW264 cells were
used as an in vitro model and treated with different
mass concentrations of Sinisan. It was found that
Sinisan can inhibit LPS-induced proliferation,
decrease the stimulatory effects of LPS, decrease the
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release of M1 polarization-related cytokines (TNF-a,
IL-6, and IL-15) and mRNA levels of TNF-a and
IL-6, and increase the release of M2 polarization-
related cytokine IL-10 and mRNA levels of IL-10
and Arg-1"". Tian"* proved that a specific dose of
serum containing Huanglian detoxification decoction
can promote the differentiation of M to M2,
promote the secretion of anti-inflammatory TGF-a,
and limit the differentiation of pro-inflammatory
M1 macrophages. He et al."” found that Ermiaosan
can inhibit M1 polarization of LPS+ IFN-y-induced
macrophages but cannot inhibit M2 polarization
of IL-4+ IL-13-induced macrophages. Li''” found
that different concentrations of serum containing
PSORI-CMO02 (Paeonia anomala, Sarcandra glabra,
Smilax glabra, and Curcuma zedoaria) can inhibit
the growth of peritoneal macrophages in M1 mice.
Zhou et al.'"” found that the traditional Chinese
medicine compound, Shenglian extract, can inhibit
the expression of cell membrane molecules in M1
macrophages, decrease secretion and levels of
inflammatory factors, and inhibit M1 polarization
of macrophages. Moreover, all concentrations
demonstrate effects without concentration-
dependence. The above studies proved that
traditional Chinese medicine compounds inhibit
the expression of relevant cytokines by impacting
on different pathways, consequently affecting
macrophage polarization. Moreover, different
pharmaceutical ingredients in compound preparation
or drug concentration will affect the macrophage
polarization phenotype.

2.3 Acupuncture and other methods
involving traditional Chinese medicine

Morgana et al."® conducted a study on mice and
found that manual acupuncture on the "Sanyinjiao"
(SP6) acupoint can alleviate pain behavior, mechanical
hyperalgesia, edema, and heat production. Acupuncture
SP6 increased IL-10 levels but did not affect the pain
behavior and edema in IL-10-knockout mice. Repeated
acupuncture can induce the phenotype conversion

of muscle macrophages, decrease pro-inflammatory
M1 macrophages, and increase anti-infective M2
macrophages. Li et al.""” found that the "Zusanli"
(ST36) and "Feishu" (BL13) electroacupuncture
can decrease inflammatory responses in rats
with chronic obstructive pulmonary disease.
This method may inhibit the MyD88/NF-xB p65
signaling pathway via electroacupuncture, thereby
inhibiting the polarization of M1 macrophages.
The above studies showed that manual acupuncture
and electroacupuncture could act on macrophage
polarization to regulate and control the occurrence
and progression of inflammation and thereby treat
related diseases.

3 Inhibition of M2 macrophage
polarization

M2 macrophage polarization is associated with
allergic reactions, progression, and tumor metastases.
Inhibition of M2 macrophage polarization has
become an important research area in certain
anaphylactic diseases and tumor treatments.
Zheng et al.”” found that icariin can decrease the
infiltration of M2 macrophages in pancreatic cancer
and the quantity of splenic M2 macrophages. Guben
Fangxiao decoction, derived from Yuping Fengsan
and Erchen Tang, can improve the equilibrium
of Th1/Th2, inhibit alternative activation of
macrophages, and polarize M2 macrophages”'..
From studies on idiopathic pulmonary fibrosis
(IPF), the traditional Chinese medicine, Schisandra
chinensis, can inhibit the progression of IPF and
M2 macrophage polarization via the TGF-#1/Smad
21 Jia et al.” found that Fuzheng
Jiedu Fang can decrease the infiltration of CD68+

signaling pathway

macrophages, decrease levels of M2 macrophages,
and inhibit levels of inflammatory factors, thereby
inhibiting gastric cancer in mice. The above studies
found that traditional Chinese medicine could inhibit
M2 macrophage polarization through cytokines and
signaling pathways to prevent and control some
diseases.
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4 Reversal of M1/M2 macrophage
phenotype

Many active ingredients of traditional Chinese
medicine can promote the reversal of the M1/M2
phenotype. A study™ found that polysaccharides
of Polyporus umbellatus significantly increase the
positive expression of CD16/32 and CD40 as well
as the expression level of inflammatory cytokines,
which proved that polysaccharides of Polyporus
umbellatus could reverse M2 macrophages to pro-
inflammatory M1 macrophages, thereby improving
the immune effects of macrophages. Zhang et al.”*”
proved that icariin could significantly induce
M2 macrophage polarization and promote the
expression of M2 macrophage marker genes (IL-
10 and Arg) with significant periodicity in terms of
time and induce dose-dependent transformation of
differentiated M1 macrophages to M2 macrophages.
Further, LPS can promote the M1 polarization of
RAW264.7 cells. A study reported that Dendrobium
officinale polysaccharide could reverse the effects
of LPS, thereby promoting M2 polarization
of RAW264.7 cells and the secretion of anti-
inflammatory factors *°.

Also, traditional Chinese medicine compounds
have related effects. Qishen granules made from
traditional Chinese medicine preparations, Zhenwu
and Simiao Yongan decoction, could restore M1/M2
macrophage imbalance in cardiomyocytes to alleviate
myocardial fibrosis and inhibit the TGF-£1/Smad3
pathway that activates macrophages and promotes
M2 macrophage-dependent angiogenesis. Restoring
the equilibrium of M1/M2 macrophages may be
an effective strategy for improving myocardial
remodeling””. Tian”" found that Buyang Huanwu
decoction can significantly inhibit the expression
of iNOS, TNF-a, CD16/32 while promoting the
expression of Arg-1, IL-10, and CD206, which
proved that it could promote the conversion of M1
to M2 macrophages in tissues of spinal cord and
spleen when there is experimental autoimmune
encephalomyelitis. Li * proved that Yangyin Hewei

Fang could decrease M1 macrophage levels and
increase M2 macrophage levels in gastric tissues of
rats with diabetic gastroparesis, thereby improving
gastric motility. Simultaneously, studies showed that
moxibustion could upregulate CD163 macrophage
and the expression level of key cytokines, 1L-4
and IL-13, related to differentiation in lung tissue
of rats with ulcerative colitis and downregulate
CDS86 and differentiation-related cytokines, IFN-y
and TNF-a, to promote the conversion of M1 to
M2 macrophages™”. The above studies proved
that traditional Chinese medicine could promote
the reversal of M1/M2 macrophage phenotype
and regulate the equilibrium of M1/M2. Certain
traditional Chinese medicines have bidirectional
regulatory roles, which have important significance
in treating related diseases.

5 Conclusion and prospects

In traditional Chinese medicines, macrophages
have become an important research area in disease
treatment. Traditional Chinese medicines can
regulate certain signaling pathways and change
the microenvironment of macrophages to impact
macrophage polarization. Traditional Chinese
medicines have bidirectional regulatory effects on
macrophage polarization, where some have shown
temporal periodicity and dose-dependence. However,
there are still some study concerns regarding the
effects of macrophage polarization, including that
most studies focused on a single traditional Chinese
medicine and its active ingredients. Therefore,
comprehensive studies on traditional Chinese
medicine compound preparations are required.
This study primarily focused on a few diseases and
needs further expansion. These concerns need to be
individually resolved in future studies.

Traditional Chinese medicine is an integral
component of modern medicine, which has
extremely high potential in terms of development
and has important effects in preventing and treating
many diseases. We believe that continuous in-depth
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research on its effects on macrophage polarization

will enable traditional Chinese medicine to

demonstrate its strengths and be widely used in

treating and controlling clinical diseases.
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