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Peritoneal resident macrophages (PRMs) have been a prominent topic in the research field
of immunology due to their critical roles in immune surveillance in the peritoneal cavity.
PRMs initially develop from embryonic progenitor cells and are replenished by bone
marrow origin monocytes during inflammation and aging. Furthermore, PRMs have been
shown to crosstalk with other cells in the peritoneal cavity to control the immune response
during infection, injury, and tumorigenesis. With the advance in genetic studies, GATA-
binding factor 6 (GATA6) has been identified as a lineage determining transcription factor of
PRMs controlling the phenotypic and functional features of PRMs. Here, we review recent
advances in the developmental origin, the phenotypic identity, and functions of PRMs,
emphasizing the role of GATA6 in the pathobiology of PRMs in host defense, tissue
repairing, and peritoneal tumorigenesis.

Keywords: GATA6, host defense, tissue injury, peritoneal tumorigenesis, peritoneal resident macrophage

INTRODUCTION

Macrophages are multifunctional, heterogenous, and essential in coupling innate and adaptive
immunity. Macrophages are tasked with maintaining homeostasis and act as a defense mechanism
through phagocytic, immunoregulatory, and repair functions in response to infection, inflammation,
and injury. Due to their complexity and wide array of functions, macrophages have become a popular
study interest. However, only recently, the heterogeneity of macrophages and the characteristics of
resident macrophages in organs have begun to be dissected (Gautier et al., 2012; Gosselin et al., 2014).

Peritoneal resident macrophages (PRMs) reside in the peritoneal cavity providing immune
surveillance against pathogen invasions to maintain homeostasis (Bain and Jenkins, 2018; Xu et al.,
2019). Of note, the transcription factor GATA-binding factor 6 (GATA6) has been identified as the
lineage determining transcription factor of PRMs. In this review, we will discuss the recent advances
in the developmental origin, the phenotypic identity, and functions of PRMs, particularly the
regulation of GATA6 in the pathobiology of PRMs during infection, injury, and tumorigenesis.

ORIGINS OF PRM

PRMs, like tissue resident macrophages in other organs, have been previously thought to be
terminally differentiated monocytes of bone marrow origin contained within the peritoneal
cavity to provide immune surveillance (Davies and Taylor, 2015). With the advances in lineage
tracing studies, emerging evidence indicates that PRMs can develop from embryonic progenitor
cells or be derived from bone marrow origin monocytes (Davies and Taylor, 2015). Fate-
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mapping studies have shown that PRMs of both embryo origin
(Yona et al., 2013) and bone marrow origin exist in the
peritoneum of adult mice (Sheng et al., 2015; Bain et al.,
2016). Like resident macrophages in other organs, PRMs of
embryo origin can self-renew via proliferation to maintain
their population in neonate and adult during homeostasis
(Davies et al., 2011; Davies and Taylor, 2015). PRMs are
known to rapidly disappear from the peritoneal fluid in
response to inflammation and return after inflammation
resolution (Barth et al., 1995). Macrophages derived from
bone marrow hematopoietic stem cells often progressively
replace native PRMs under severe inflammation (Brahmi
et al., 2006) or aging (Molawi et al., 2014; Bain et al., 2016).
Ly6C+ monocytes are mobilized from bone marrow into the
peritoneal cavity via C-C chemokine receptor type 2 (CCR2)
after irradiation and subsequently acquire key characteristics
of the PRMs derived from the embryonic population in mice
(Bain et al., 2016). Furthermore, this study has shown that
these bone marrow origin PRMs proliferate in the peritoneal

cavity and tend to replace embryonic origin PRMs in adult
mice (Bain et al., 2016). These data demonstrate that PRMs
initially develop from embryonic progenitor cells and are
replenished by monocyte-derived macrophages during
inflammation and aging. Although PRMs derived from bone
marrow origin largely phenocopy PRMs derived from the
embryonic origin; some features, such as Tim4 expression,
are not universally adopted by bone marrow-derived PRMs
(Bain et al., 2016). Furthermore, an RNA-sequencing study has
shown that the PRMs derived from monocytes had a
transcriptomic profile similar to that of PRMs derived from
embryonic origin. However, there are 1,730 genes
differentially expressed between PRMs of monocyte origin
and embryonic origin, which indicates that PRMs derived
from monocytes acquire most, but not all, of the
transcriptional features of PRMs derived from the
embryonic origin (Gundra et al., 2017). Further studies are
required to understand the phenotypic and functional
differences between PRMs from these two different origins.

TABLE 1 | Characteristics of PRM in mice.

PRM (LPM) Monocyte-Derived Macrophage (SPM) References

Surface markers

CD45 + + Cassado et al. (2015)

CD11b Hi lo (Ghosn et al., 2010; Gautier et al., 2012;
Cassado et al., 2015)

F4/80 Hi lo (Ghosn et al., 2010; Gautier et al., 2012;
Okabe and Medzhitov, 2014; Cassado et al., 2015)

MHCII Lo hi (Ghosn et al., 2010; Gautier et al., 2012;
Okabe and Medzhitov, 2014; Cassado et al., 2015)

CD11c + +/- (Ghosn et al., 2010; Cassado et al., 2015;
Bain et al., 2016)

CD64 + - (Gautier et al., 2012; Okabe, 2018)

MerTK + - (Gautier et al., 2012; Okabe, 2018)

CD49f + - Okabe, (2018)

CD93 + - Okabe, (2018)

TLR4 Hi lo (Ghosn et al., 2010; Cassado et al., 2015)

CD80 Hi lo (Ghosn et al., 2010; Cassado et al., 2015)

CD86 Hi lo (Ghosn et al., 2010; Cassado et al., 2015)

CD40 Hi lo (Ghosn et al., 2010; Cassado et al., 2015)

Tim4 + - (Rosas et al., 2014; Cassado et al., 2015;
Bain et al., 2016)

ICAM2 + - (Okabe, 2018; Bain et al., 2020)

Transcription factor

GATA6 + - (Gautier et al., 2012; Okabe and Medzhitov, 2014;
Rosas et al., 2014)

Morphology

Size Large with prominent vacuolization and
abundant cytoplasm

Small polarized showing dendrites (Ghosn et al., 2010; Cassado et al., 2015)

Level of expression: hi high; lo low; + positive; - negative.
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PHENOTYPIC CHARACTERISTICS OF
PRMs

Based on the morphology and the expression levels of feature
markers (Table 1), macrophages in the peritoneal cavity were
identified into two major subpopulations in mice (Ghosn et al.,
2010; Cassado et al., 2015). One subpopulation called larger
peritoneal macrophages (LPMs) are large in morphology with
vacuoles in the cytoplasm (Ghosn et al., 2010; Cassado et al.,
2015). LPMs contain approximately 90% of the macrophages in
the peritoneal cavity during homeostasis but disappears rapidly in
response to inflammation. LPMs are considered to be PRMs
based on the expression of GATA6, the lineage-determining
transcription factor for PRMs (Gautier et al., 2012; Okabe and
Medzhitov, 2014; Rosas et al., 2014; Buechler et al., 2019). Based
on the expression levels of cell surface marker, all LPMs are
CD11bhi/F4/80hi/MHCIIlo/ICAM2+ (Table 1) (Gautier et al.,
2012; Ghosn et al., 2010; Buechler et al., 2019). Later studies
have shown that LPMs also express some marker of resident
macrophage in other organs including, CD64, CD49f (integrin-
α6), CD93 and Mer tyrosine kinase (MerTK) (Table 1) (Gautier
et al., 2012; Cassado et al., 2015; Okabe, 2018). Furthermore,
T-cell membrane protein 4 (Tim4), a phagocytic receptor that
recognizes phosphatidylserine on apoptotic cells, has been used as
a marker of PRMs (Rosas et al., 2014). However, the expression of
Tim4 on PRMs of bone marrow origin is highly dependent on the
strain, age, sex, and pathophysiological conditions of animals
(Bain et al., 2016; Bain et al., 2020). As opposed to LPMs,
approximately 10% of macrophages in the peritoneal cavity
are small in size called small peritoneal macrophages (SPMs).
SPMs are recruited monocyte-derived macrophages, which
predominates in the peritoneal cavity in response to
inflammation. SPMs are CD11blo/F4/80lo/MHCIIhi/ICAM2-/
CD64-/MerTK-/GATA6-/Tim4-(Table 1) (Ghosn et al., 2010;
Gautier et al., 2012; Rosas et al., 2014; Cassado et al., 2015;
Okabe, 2018; Buechler et al., 2019). Interestingly, CD11c,
previously considered a dendritic cell-specific marker, is
expressed on a portion of SPMs (Bain et al., 2016). The
expression levels of certain marker genes, such as Tim4 and
CD11c, are heterogeneous within the LPMs and SPMs
respectively (Sohn et al., 2019). These data suggest that there
might be phenotypically and functionally distinct subsets
amongst LPMs and SPMs. However, future studies are req
uired to identify and characterize the phenotype and functions
of subsets of LPMs and SPMs.

An attempt to characterize the human counterparts of these
murine PRMs started with the identity of the CD14hi CD16hi

subpopulation in ascitic cells from health control which are not
found at peripheral blood monocytes (Ruiz-Alcaraz et al.,
2016). Macrophage populations of the peritoneal cavity from
healthy women were analyzed based on the expression of
CD14/CD16 markers, along with other surface and
intracellular markers (Table 2). The CD14hi/CD16hi

subpopulation is considered the human counterparts of
murine PRMs based on the expression of CD14/CD16,
GATA6, and other resident macrophage markers, such as
CD206 and Slan (Ruiz-Alcaraz et al., 2016). However, a

recent study has shown that CD14hi/Tim4+ PRMs in
peritoneal ascites from patients with peritoneal metastatic
non-small cell lung cancer do not express GATA6 (Chow
et al., 2021). The discrepancy of GATA6 expression in
human PRMs may be due to the difference in the
pathophysiological conditions of the human populations
selected in these two studies. However, further study is
required to confirm the phenotype of human PRMs and
understand the regulation of GATA6 expression in human
PRMs during homeostasis and diseases.

GATA6: The Lineage-Determining
Transcription Factor for PRMs
While a seminal study on transcriptional profiling of
macrophages from various organs reveal the distinct lineage-
determining transcription factors (LDTFs) for tissue-specific
macrophages (Gautier et al., 2012). Macrophages residing in
organs have been shown to express unique transcription
factors which define their tissue-specific phenotype and
functions. Combined with the data from the transcriptomic
profiling of macrophages and the gene knockout studies,
GATA6 is identified as the LDTF for PRMs (Gautier et al.,
2012; Okabe and Medzhitov, 2014; Rosas et al., 2014).

GATA6 belongs to a six-member transcription factor family
that binds to the consensus sequence (A/T)GATA (A/G).
GATA1, GATA2, and GATA3 are mainly expressed in
hematopoietic cell lineages, while GATA4, GATA5, and
GATA6 are predominantly expressed in the heart, gonads, and
endodermal-derived tissues (Viger et al., 2008). GATA6 is
expressed at primitive streak, lung, heart, intestine, gonads,
adrenal, and pancreas in mice. It plays essential roles in
cardiac development, lung endoderm branching, mesenchymal
to epithelial transitions, and organogenesis of the pancreas, gut,
and liver (Liu et al., 2002; Peterkin et al., 2003; Zhao and Duncan,
2005; Chia et al., 2019).

As an LDTF, GATA6 controls the expression of many PRM-
specific genes that characterize the phenotype, cell fate decision,
and functions of PRMs (Gautier et al., 2014; Okabe and
Medzhitov, 2014). Using the loxp-cre technology to specifically
knockout GATA6 in myeloid cells in mice, Rosas et al., and
Okabe and Medzhitov have shown that the number of PRMs
decreases substantially in the peritoneal cavity from myeloid cell-
specific GATA6 knockout mice compared to wild type (WT)
mice (Okabe and Medzhitov, 2014; Rosas et al., 2014). In
comparison, the number of monocyte-derived macrophages in
the peritoneal cavity is similar between myeloid cell-specific
GATA6 knockout mice and WT mice. Using a lentiviral
mediated Cre-delivery system to induce GATA6 knockout in
peritoneal macrophages in adult mice, Rosas et al. have further
demonstrated that deletion of GATA6 decreases the expression
level of F4/80 on Tim4+ PRMs (Rosas et al., 2014). These data
indicate that GATA6 controls the cellular phenotypes of PRMs.
Furthermore, using this inducible knockout system to delete
GATA6 in established PRMs in adult mice, Rosas et al. have
found that the proliferation status of PRMs is not altered in
GATA6-deleted PRMs (Rosas et al., 2014). However, using
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myeloid cell-specific GATA6 knockout mice models to delete
GATA6 from the embryonic precursor, Gautier et al. has reported
that deletion of GATA6 in myeloid cells impairs the viability of
PRMs (Gautier et al., 2014). GATA6 supports the expression of
aspartoacylase for acetyl CoA metabolism and thus supports the
survival and autonomous polarization of PRMs (Gautier et al.,

2014). The divergent roles of GATA6 in PRM fate decisions from
these studies suggest that GATA6 may have diverse roles in PRM
cell fate decisions and functions in different developmental stages.
Future studies are required to clarify the roles of GATA6 in
different developmental stages of PRMs.

REGULATION OF GATA6 EXPRESSION IN
PRMs (FIGURE 1)

Retinoic acid (RA), a metabolite of vitamin A, is a pivotal driver
for GATA6 expression in PRMs. The number of PRMs in mice
fed with vitamin A-deficient diets decreased substantially,
associated with decreased GATA6 expression in PRMs (Okabe
and Medzhitov, 2014). Epigenetic modification at H3K4me3 has
been found at the GATA6 locus of PRMs facilitating RA-driven
active GATA6 expression (Okabe and Medzhitov, 2014).
Furthermore, Vitamin A is also required for the phenotypic
conversion of monocyte-derived F4/
80intCD206+PD−L2+MHCII+ macrophages into F4/
80hiCD206−PD−L2−MHCII−–peritoneal resident macrophage
in the peritoneal cavity of mice with Schistosoma mansoni
(Gundra et al., 2017).

The source of RA was first identified in the adipose tissue of
the omentum (Okabe and Medzhitov, 2014). Recently, Buechlar
et al. has identified that Wilms’ Tumor 1 (WT1) expressing
stroma cells in the omentum and visceral adipose tissues
secrete RA to maintain GATA6 expression in PRMs during
homeostasis (Figure 1) (Buechler et al., 2019). WT1, a
transcription factor, is required for properly positioning yolk-
sac-derived resident macrophages in the epicardium and
mesothelial lining spaces (Stevens et al., 2016). WT1 controls
the expression of retinal dehydrogenases 1 and 2, two rate-
limiting enzymes in retinol metabolism (Klattig et al., 2007;
Guadix et al., 2011) and thus regulate retinol metabolism.
However, how stromal cells crosstalk with PRMs via RA

TABLE 2 | Characteristics of PRMs in human (Ruiz-Alcaraz et al., 2018).

CD14highCD16high CD14++CD16+ CD14++CD16−

Surface markers

CD11b hi mid lo
CD11c + + +
CD40 hi mid lo
CD62L hi + -
CD64 hi + +
CD80 hi + -
CD86 hi mid lo
CD116 hi + +
CD119 hi + +
CD206 hi mid lo
HLA-DR + + +
Slan hi + +

Transcription factor

GATA6 hi + +

Level of expression: hi high; mid medium; lo low; + positive; - negative.

FIGURE 1 | Schematics show the regulation of GATA6 in PRMs. 1)
Histone lysine methylation (H3K4me3) modification at the GATA6 locus in
PRMs facilitates active GATA6 transcription. 2) Stromal cells express Wilms’
Tumor 1(WT1) transcription factor for retinal dehydrogenase 1 and 2
enzymes that convert retinol to Retinoidc acid (RA). To induce GATA6
transcription in PRM, Retinoid acid receptor β (RARβ) needs to be activated by
RA, and both RARβ and retinoid X receptor (RXR) need to bind retinoic acid
response elements (RAREs). 3) Other retinoic acid receptors (RARα and
RARγ) induced by yet unidentified stimuli at PRMs also collaborates with the
RA-driven GATA6 transcription.
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remains unclear. Gosselin et al. has shown that although all three
high-affinity retinoic acid receptors (RARα, RARβ, and RARγ)
are expressed on PRMs, only RARβ is induced by RA in vitro
(Gosselin et al., 2014). Since the expression of RARα and RARγ
are also necessary for RA-driven gene expression, they
hypothesize that a secondary signal from the environment
other than RA is necessary for inducing RARα and RARγ
expression, which collaborates with RA to drive GATA6
expression. Further studies are required to understand how
RA drives GATA6 expression in PRMs.

ROLES OF GATA6+ PRMs IN INFECTION

PRMs are the frontline of host defense in the body cavity to
ensure optimal pathogen clearance. Phagocytosis is an essential
mechanism of PRMs for bacterial clearance in mice (Leendertse
et al., 2009; Deng et al., 2013) and humans (Ruiz-Alcaraz et al.,
2018). Upon bacteria entry into the cavity, PRMs phagocytosis
bacteria rapidly adhere to themesothelium formingmulti-layered
cellular aggregates to control the spread of bacterial infection in
mice (Zhang et al., 2019; Vega-Pérez et al., 2021). The aggregation
of PRMs depends on the expression of coagulation factor V on
PRMs (Zhang et al., 2019) and fibrin (Vega-Pérez et al., 2021).
Specific deletion of GATA6 impairs the formation of PRM
aggregations (Zhang et al., 2019; Vega-Pérez et al., 2021).
However, phagocytosis of the pathogen by PRMs may also
result in pathogen dissemination in mice. Jorch et al. have
reported that S. aureus can survive and grow in peritoneal
GATA6+ PRMs (Jorch et al., 2019). Phagocytosis of S. aureus
by PRMs delays the neutrophilic response resulting in
dissemination to various peritoneal and retroperitoneal organs
(Jorch et al., 2019). Although both PRMs and monocyte-derived
macrophages can phagocytose, the phagocytosis capacity is
higher in PRMs than in monocyte-derived macrophages (Cain
et al., 2013).

Besides phagocytosis, PRMs also produce inflammatory
cytokines, such as IL-1β, (Topley et al., 1996; Hautem et al.,
2017), and chemokines to recruit immune cells, such as
monocytes and neutrophils, into the infectious foci for efficient
pathogen clearance (Dioszeghy et al., 2008; Spight et al., 2008;
Leendertse et al., 2009). Furthermore, PRMs have been shown to
producemore G-CSF, GM-CSF, and KC in response to LPS stimuli
contrasting to monocyte-derived macrophages, which produced
high levels of TNF-α, MIP-1α, and RANTES (Cain et al., 2013).
The difference in cytokine productions between PRMs and
monocyte-derived macrophages show the unique role of PRMs
in inflammation in the peritoneal cavity.

Although PRMs are critical for pathogen clearance, PRMs
disappear in cavity fluid immediately after pathogen recognition
and return in 1 week after infection in mice (Vega-Pérez et al.,
2021). The mechanisms underlying the macrophage
disappearance reaction (MDR) are unclear. PRM cell death (Li
et al., 2019; Vega-Pérez et al., 2021) aggregate formation (Zhang
et al., 2019; Vega-Pérez et al., 2021) and translocation (Wang and
Kubes, 2016) are involved in MDR. As deletion of GATA6 in
myeloid cells negatively regulates PRM survival (Gautier et al.,

2014) and aggregation formation (Zhang et al., 2019), it is
conceivable that GATA6 controls the MDR during infection.
However, further studies are required to elucidate the role of
GATA6 in MDR.

During inflammation resolution, macrophages derived from
recruitedmonocytes acquire themajor characteristics of PRMs and
replenish PRMs in the cavity (Ginhoux et al., 2006). The
mechanism underlying the PRM replenishment during
inflammation resolution is unknown. Retinoic acid is required
for the phenotypic conversion of monocyte-derived macrophages
into PRMs in the peritoneal cavity of mice after Schistosoma
mansoni infection (Gundra et al., 2017). As retinoic acid is the
main driver for GATA6 expression in PRMs, it is possible that the
retinoid acid-GATA6 signaling regulates PRM replenishment
during inflammation resolution. Furthermore, PRMs actively
produce anti-inflammatory cytokines, such as IL-10, to promote
inflammation resolution (Ipseiz et al., 2020). A recent study has
shown that GATA6 controls IL-10 productions in PRMs, via
regulating prostacyclin production after lipopolysaccharide
stimulation (Ipseiz et al., 2020). GATA6, along with RA,
controls TGF -β production in PRMs which is critical for gut-
associated lymphoid tissue-independent IgA production by
peritoneal B-1 cells to fight infection (Okabe andMedzhitov, 2014).

These data suggest that GATA6 plays a critical role in
controlling PRM functions and retentions in the peritoneal
cavity during infection. A recent study has reported that
treatment of Rutecarpine, an alkaloid component of Evodia
rutaecarpa, improves the survival of cecal ligation and
puncture-induced sepsis in mice via restoring the ratio of
peritoneal resident macrophages and the level of GATA6 in
CD11b+ peritoneal macrophages (Li et al., 2019). Therefore,
modulating GATA6 expression in PRMs may represent new
therapeutic strategies for infection in the peritoneal cavity.

ROLE OF GATA6+ PRMs IN TISSUE
REPAIRING

In response to injury, GATA6+ PRMs are rapidly recruited to the
injury site to assist tissue repairing (Wang and Kubes, 2016;
Honda et al., 2021; Jin et al., 2021; Zindel et al., 2021). In a mouse
model of laser-induced peritoneal wall injury, GATA6+ PRMs
were seen to aggregate to the injured site via the scavenger
receptor to promote tissue repairing (Zindel et al., 2021).
However, uncontrolled PRMs aggregation leads to adhesion
formation (Zindel et al., 2021). In mouse models of sterile
injury induced by thermal injury, GATA6+ PRMs rapidly
infiltrate into the injured liver to promote tissue repair by
removing necrotic cells (Wang and Kubes, 2016). The
recruitment of GATA6+ PRMs to the injured organs is
dependent on ATP released by necrotic cells and interaction
between CD44 on macrophages and hyaluronan at the injury site
(Wang and Kubes, 2016). In line with these findings, Honda et al.
have recently reported that GATA6+ PRMs promptly accumulate
at damaged intestinal sites upon intestinal thermal injury and
dextran sodium sulfate induced colitis in mice to participate in
tissue repairing (Honda et al., 2021). The recruitment of GATA6+
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PRMs to the injured site depends not on CCR2, Nr4a1, or the
microbiome but depends on the ATP-release and exposed
hyaluronan at the injury site (Honda et al., 2021). In contrast
to previous reports, Jin et al. utilized dual recombinase mediated
genetic GATA6+ lineage tracing approaches and recently found
that PRMs only accumulate on the surface of the liver.
Furthermore, PRMs contribute negligibly to the repair and
regeneration of the liver in the mice models of CCl4-induced
liver injury (Jin et al., 2021). The discrepancy of conclusions
among these studies regarding GATA6+ PRMs in tissue repairing
may be attributed to the difference in genetic engineering
approaches or animal models. However, further studies are
needed to clarify the role of GATA6+ PRMs in tissue repairing
in various tissue injury circumstances.

ROLE OF GATA6+ PRMs IN
TUMORIGENESIS

Emerging evidence indicates that PRMs promote peritoneal
metastasis of diverse malignant diseases, ranging from gastric
cancer (Song et al., 2019), ovarian cancer (Etzerodt et al., 2020;
Xia, 2020, PMID 32780724) to lung cancer (Chow et al., 2021).
The numbers of PRMs have been shown to reversely correlate to
the prognosis of patients with peritoneal metastatic gastric cancer
(Song et al., 2019). Specific depletion of CD163+ Tim4+ PRMs in
the peritoneal cavity prevents the metastatic spread of ovarian
cancer in mice (Etzerodt et al., 2020). These data suggest
controlling the number of PRMs may present new therapeutic
effects strategies to prevent peritoneal metastasis. Xia et al.
identify Tim4+ PRMs but not Tim4– peritoneal macrophages,
promoted tumor growth in a mouse model of ovarian cancer with
peritoneal metastasis (Xia et al., 2020). Tim4+ PRMs rely on
mitophagy to survive. Inhibiting mitophagy in macrophages
results in a loss of PRMs and thus prevents ovarian cancer
metastasis by enhancing T-cell mediated antitumor immunity
(Xia et al., 2020). A recent study has shown that PRMs express
high levels of Tim4, which are associated with reduced levels of
CD8+ T cells with tumor-reactive features in pleural effusions and
peritoneal ascites from patients with lung cancer (Chow et al.,
2021). Mechanistic studies reveal that Tim4+ PRMs sequester
phosphatidylserine highly expressing cytotoxic CD8+ T cells and
thus impairs CD8 T cell proliferation (Chow et al., 2021). These
data suggest that the molecular pathways of crosstalk between
PRMs and other cells in the tumor environment may be targeted
for new treatments to prevent metastasis and disease recurrence.
As GATA6 is critical for the survival of PRMs, GATA6 may be
targeted to control the number of PRM to prevent peritoneal
metastasis. Although GATA6 is reported to be expressed in
healthy human PRMs (Mohanty et al., 2019), Chow et al. has
found that GATA6was not expressed in PRMs from patients with
peritoneal metastatic non-small cell lung cancer (NSCLC) (Chow
et al., 2021). The difference of GATA6 expression in PRMs in
patients with lung cancer from healthy humans may be attributed
to the difference in the peritoneal immune environments between
healthy control and patients with peritoneal metastatic NSCLC.
Patients with peritoneal metastatic NSCLC are known to alter the

peritoneal immune environment, which may result in the
induction of MDR. Therefore, it is possible that the Tim4+
macrophages existing in the ascites from patients with
peritoneal metastatic NSCLC are monocyte-derived
macrophages recruited to replenish PRMs, but not yet adopt
GATA6 expression. However, further studies are required to
understand the origin of the macrophages in ascites from
patients with peritoneal metastasis and the regulation of
GATA6 expression in PRMs within the tumor environment.

SUMMARY AND FUTURE DIRECTIONS

GATA6+ PRMs are a unique population of macrophages residing
in the peritoneal cavity providing immune surveillance during
homeostasis and diseases. With advances in lineage tracing and
gene editing studies, we have advanced our knowledge in the
origin, characteristics, and functions of PRMs.We now know that
GATA6+ PRMs are originally derived from embryonic progenitor
and are replenished by monocyte-derived macrophages during
aging and disease. However, our understanding of this unique
resident macrophage is still limited. The regulatory mechanisms
of the conversion of monocyte-derived macrophages to PRMs
remain unclear. Furthermore, it is known that the monocyte-
derived macrophage acquired many but not all the gene
signatures of GATA6+ PRMs of embryonic origin. The
functional characterization of PRMs of two different origins
remains to be studied further. Understanding the regulator
mechanisms underlying the conversion of PRMs and the
biology alterations of PRMs of different origins will help
design new GATA6+ PRM-targeting strategies for diseases.

GATA6+ PRMs crosstalk with other cell types in the serous cavity,
such as stromal cells and T cells, to maintain homeostasis and control
the pathological conditions in the event of infection, injury, and tumor
metastasis within the serous cavity. However, future studies will be
required to understand the interactions between GATA6+ PRMs and
other cells and molecular pathways of the crosstalk between GATA6+

PRMs and other cell types in the serous cavity during diseases. The
molecular pathways of the crosstalk between GATA6+ PRMs and
other cell typesmay represent new therapeutic strategies to control the
pathological conditions in the peritoneal cavity.

Last but not least, our current understanding of the biology of
GATA6+ PRMs mainly relies on studies with mice. Studies with
human PRMs are required to validate the findings of GATA6+

PRMs from mice studies and translate these findings to medical
therapy in humans.
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