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Targeting airway macrophages for inflammatory lung diseases
—insights from traditional Chinese medicine
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Inflammatory lung diseases, both acute and chronic, are
critical respiratory diseases with huge global impact. The
current COVID-19 pandemic due to the coronavirus SARS-
COV-2 infection caused pneumonia is a prime example of
acute inflammatory lung disease which has infected nearly
600 million people worldwide with more than 6 million
death (as of Aug 25, 2022) (1). Dysregulated inflammation
is the dominant underlying pathological mechanism for
all inflammatory lung diseases including acute lung injury/
acute respiratory distress syndrome (ALI/ARDS), asthma,
chronic obstructive pulmonary disease (COPD), and
pneumonia.

Pulmonary inflammation arises following respiratory
exposure to pathogens, allergens, pollutants, toxins,
mechanical stress, and other forms of injury. Upon pathogen
infection or environmental irritation, the respiratory tract
mounts a localized inflammatory immune response, first
with airway macrophage activation, followed by cytokine/
chemokine release by activated macrophages, and then
leukocytes infiltration into the airway and lung. Lung
macrophages include alveolar macrophages (AMs) that
reside on the alveolar epithelial surface in the alveolar space,
and interstitial macrophages (IMs) that reside in the alveolar
wall. Both AMs and IMs are sentinel phagocytic immune
cells for the airway and the lung. In addition, macrophages
that reside on the epithelial surface of the airways are likely
a separate type of macrophages, but are particularly poorly
characterized, albeit presumably relevant in asthma. Airway
macrophages isolated from bronchoalveolar lavage fluid
(BALF) would contain both AMs and the macrophages
from the airway epithelial surfaces, but not IMs. Up to now,
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macrophages from BALF have been used as AMs.

Lung tissue resident AMs (TR-AMs) are derived from
precursors in the embryos and are anti-inflammatory under
physiological conditions, providing the first line of immune
defense upon respiratory infection by phagocytosing
and neutralizing many inhaled pathogens to protect
lung homeostasis. Only when the pathogens surpass the
AM phagocytosis, AMs become activated and initiate
inflammation by releasing pro-inflammatory cytokines/
chemokines to trigger neutrophil influx (2,3). Meanwhile,
inflammation also triggers the recruitment of circulating
monocytes to the lung, and these recruited monocytes
become AMs in the local alveolar environment (Mo-AMs or
RecAMs). These Mo-AMs are strongly pro-inflammatory
and help to release signals to fight infection and promote
tissue repair in ALI. However, Mo-AMs are also pro-
fibrotic and if excessive or persist can contribute to lung
fibrosis (4,5).

Macrophages are critical players for chronic inflammatory
lung diseases such as COPD and asthma. AMs have long
been known to be in an activated state and function as
orchestrators of COPD (6). In the case of asthma, both
immuno-suppressive and pro-inflammatory roles of AMs
have been reported, likely due to the different roles of
TR-AMs and Mo-AMs played and the functional changes
of TR-AMs under the influence of the inflammatory
environment (3,7). TR-AMs initially play a predominant
suppressive role upon allergen exposure, along with the
rapid recruitment of monocytes into the alveolar space. The
recruited monocytes become Mo-AMs and promote acute
lung inflammation. After repeated allergen exposures, AMs
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lose their suppressive functions and become polarized to
pro-inflammatory phenotype. The highly heterogeneous
nature of AM population has been revealed in recent
single-cell RNA sequencing (scRNA-seq) studies of human
AMs, with 4 superclusters encompassing many subclusters
discovered (8). The varied AM functions in different asthma
studies could be attributed to the high heterogeneity of AM
populations in different experimental settings. Notably, due
to the intense focus on the central importance of eosinophil-
dominant type 2 immune-response in allergic asthma, the
roles of AMs in asthma have been relatively overlooked.
However, macrophages are essential components of
the innate immunity, and their roles in asthma warrant
more rigorous investigations, particularly in “low type 2”
inflammation subset of asthma patients (7).

Traditional Chinese medicine (TCM) have long been
used to modulate immunity and suppress inflammation.
Radix Scutellariae (Huang-Qin), the dried root of the
medicinal plant Scutellaria baicalensis Georgi, have
been used in TCM for thousands of years to suppress
inflammation and bacterial/viral infection including for the
treatment of respiratory tract infections, pneumonia and
allergic diseases (9,10). Flavonoids are the main bioactive
compounds extracted from Radix Scutellariae and are also
the main mediators of the anti-inflammatory and immune-
suppressive functions of this medicinal plant. All these
bioactive flavonoids can significantly inhibit inflammation
and proinflammatory cytokine production such as TNF-a,
IL-6 and IL-1b (9,10). Wogonoside is one of the six main
bioactive flavonoids that has been reported to suppress
inflammation in various disease settings including
lipopolysaccharide (LPS)-induced ALI, traumatic spinal
cord injury, ischemia-reperfusion induced myocardial
injury, nonalcoholic fatty liver disease, colitis, and colorectal
cancer. In 2014, Zhang er al. reported that Wogonoside
can potently reduce lung infiltration of macrophages
and neutrophils in an LPS-induced mouse model of ALI
and that Wogonoside likely achieved this function by
suppressing LPS-induced production of pro-inflammatory
factors including TNF-a, IL-6 and IL-1b (11). However,
whether Wogonoside directly target airway macrophages
and how does it interfere with these cells’ function remain
unresolved.

In 2020, Yu et al. reported in this journal that
Wogonoside potently inhibits LPS-stimulated production
of proinflammatory cytokines in mouse macrophages (12).
Using primary AMs isolated from BALF in LPS-treated
mice (most likely a mixture of TR-AMs and Mo-AMs), they

© Annals of Translational Medicine. All rights reserved.

Ge. Targeting airway macrophages for inflammatory lung diseases

demonstrated that Wogonoside dose-dependently suppressed
LPS-stimulated production of multiple proinflammatory
factors. Using the mouse peritoneal macrophage cell line
RAW264.7, they went on to demonstrate that Wogonoside
potently suppressed LPS-induced phosphorylation of the
cytosolic signaling kinase JNK (c-Jun N-terminal kinase),
with the corresponding downstream reduction of binding of
the transcription factor c-Jun to the promoters of multiple
proinflammatory genes including IL-6, IL-1b, TNF-a, iNOS
and COX-2 via ChIP assay. c-Jun is a critical component
of the transcription factor complex AP-1 and a substate of
JNK. These findings in conjunction with previous reports
supported a critical role AM plays in LPS-induced acute lung
inflammation and ALI Inhibiting JNK is a new mechanism
of action by Wogonoside in its suppression of pulmonary
inflammation. Nevertheless, the data on JNK inhibition
were only obtained using RAW264.7 macrophages, a mouse
peritoneal macrophage cell line, not of AM origin.

Macrophages are known to be deeply influenced by the
tissue microenvironment they reside in (3). AMs are the
only type of macrophages that reside in the alveolar space
and are directly exposed to the outside environment. Hence,
whether Wogonoside can indeed suppress pulmonary
inflammation by targeting JNK signaling in AMs require
further experimental investigation using primary AMs as
well as in animals. In addition, which AM subpopulation is
targeted by Wogonoside, TR-AMs or Mo-AMs, and how
Wogonoside suppress JNK signaling remain unknown.
Furthermore, whether human AMs also function in
similar fashion as their mouse counterparts needs to be
investigated.

Beside Wogonoside, other major bioactive flavonoids
from Radix Scutellariae have also been reported to have
anti-inflammatory and immune-suppressive functions
in various diseases including reducing pulmonary
inflammation as have been reviewed previously (9,10).
In the area of inhibition of pulmonary inflammation by
bioactive flavonoids from Radix Scutellariae, most studies
share similar limitations with the study by Yu et 4/. in
2020 in that they all largely used the mouse macrophage
cell line RAW264.7 which are very different from
airway macrophages or AMs. These studies also mostly
limited their investigations to LPS-activated RAW264.7
macrophages and the effect of these flavonoids on the
production of pro-inflammatory cytokines/chemokines
under a rather narrow experimental condition, limiting the
significance for their findings in relation to the many types
of inflammatory lung diseases in human. Future research
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needs to be expanded into investigations of primary AMs
(both mouse and human) to reveal the anti-inflammatory
mechanisms of these bioactive flavonoids in lung relevant
macrophages. In particular, the anti-inflammatory
mechanisms at the molecular and cellular levels need to
be studied under various pulmonary disease models in
animals. Advancements in these directions are critical for
the modernization and internationalization of TCM.
Nevertheless, it is envisioned that Wogonoside and other
anti-inflammatory flavonoids from Radix Scutellariae, either
alone or in combination, have the potential to become
modern drugs for inflammatory lung diseases. The rich
resources harbored in TCM should be fully tapped to
generate modern drugs for the benefits of mankind.
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