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Proline-serine-threonine-phosphatase-interacting protein 2 (PSTPIP2) belongs to the Fes/
CIP4 homology-Bin/Amphiphysin/Rvs (F-BAR) domain family. It exhibits lipid-binding,
membrane deformation, and F-actin binding activity, suggesting broader roles at the
membrane–cytoskeleton interface. PSTPIP2 is known to participate in macrophage
activation, neutrophil migration, cytokine production, and osteoclast differentiation. In
recent years, it has been observed to play important roles in innate immune diseases and
autoinflammatory diseases (AIDs). Current research indicates that the protein tyrosine
phosphatase PTP-PEST, Src homology domain-containing inositol 5’-phosphatase
1 (SHIP1), and C‐terminal Src kinase (CSK) can bind to PSTPIP2 and inhibit the
development of AIDs. However, the mechanisms underlying the function of PSTPIP2
have not been fully elucidated. This article reviews the research progress and mechanisms
of PSTPIP2 in AIDs. PSTPIP2 also provides a new therapeutic target for the treatment
of AIDs.

Keywords: proline-serine-threonine-phosphatase-interacting protein 2, autoinflammatory diseases, macrophages,
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INTRODUCTION

The concept of “autoinflammatory diseases (AIDs)” was first proposed in 1999 (1). AIDs arise from
chronic activation of B and T cells of the innate immune system (2, 3), which begin to attack the
body’s own tissues, causing loss of function in the composite organs and resulting in diseases. And
monocytes, macrophages and neutrophils are the main cell types of the innate immune system (4).

AIDs are characterized by excessive apoptosis, hyperactive inflammatory cytokine production,
and an overreaction to chemotactic stimuli (5), resulting in chronic, systemic inflammation. The
field of AIDs has become a cornerstone of modern medicine, yet remains a growing area of research.
Abbreviations: AIDs, Autoinflammatory diseases; CIP4, CDC42-interacting protein 4; cmo, chronic multifocal osteomyelitis;
CRMO, Chronic recurrent multifocal osteomyelitis; CSF-1, Colony-stimulating factor-1; CTH, Carboxy-terminal homology;
F-BAR, Fes/CIP4 homology-Bin/Amphiphysin/Rvs; FLSs, Fibroblast-like synoviocytes; FMF, Familial mediterranean fever;
PAPA, Pyogenic Arthritis, Pyoderma gangrenosum, Acne; PEST- family, Proline-, glutamic acid-, serine- and threonine-rich
family; [PI(3,4,5)P3], Phosphatidylinositol-3,4,5-trisphosphate; PSTPIP, Proline-serine-threonine-phosphatase-interacting
protein; SAPHO, Synovitis, acne, pustulosis, hyperostosis and osteitis; SH3, Src homology 3; WASP, Wiskott Aldrich
syndrome protein.
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Interestingly, many AIDs result from single gene mutations.
For example, Familial Mediterranean fever (FMF) is an autosomal
recessive self-inflammatorydisorder causedbyamutation in thegene
encoding MEFV (4). LPIN2 mutation causes Majeed syndrome,
characterized by chronic recurrentmultifocal osteomyelitis (CRMO)
(6, 7). More than 60 genes linked to AIDs have been discovered that
affect distinct parts of the innate immune system, and it has been
found that there are multiple genetic and environmental influences
on the development of AIDs, which modulates the phenotype (8),
such as behcet disease (BD) (9) and adult-onset still’s disease
(AOSD) (10).

Proline-serine-threonine-phosphatase-interacting protein 2
(PSTPIP2) belongs to the F-BAR family of proteins and
coordinates the function of actin in the cytoskeleton, including
membrane degeneration, filopodia formation, movement, and
surface adhesion, and is mainly expressed in macrophages (11).
Currently, PSTPIP2 has been shown to play important roles in
autoinflammatory diseases, including chronic recurrent
multifocal osteomyelitis (CRMO) (12, 13) and sepsis (14, 15).
PSTPIP2 absence causes autoinflammatory diseases, including
extramedullary hematopoiesis, as verified by expansion of
macrophage progenitors. PSTPIP2 knockdown mice also
show skin and bone injury and mimic human multiple
osteomyelitis (16, 17). Recent studies have shown that
PSTPIP2 also plays important roles in liver fibrosis (18) and
cisplatin-induced acute kidney injury (19), and is a predictive
target for many other diseases, such as tuberculosis (20) and
asthma (21). PSTPIP2 also inhibits osteoclast differentiation and
reduces osteoclast ability to inhibit megakaryocyte differentiation
(22, 23). This article will review the study of PSTPIP2 with
respect to its roles in inflammatory diseases.
STRUCTURE AND BIOLOGICAL
FUNCTION OF PSTPIP2

The F-BAR protein was originally identified as CDC42-
interacting protein 4 (CIP4). The N-terminal region of CIP4 is
highly conserved in other proteins, including tyrosine kinase FES
and FES related (FER), which is termed FES/CIP4 homology
(FCH) domain, also called an EFC (an extended FCH domain)
that interact with phospholipids, particularly PtdIns (4,5) P2,
and induce membrane tubulation (24, 25).

F-BAR proteins have been considered as important new
coordinating proteins that not only regulate endocytosis and
phagocytosis, but also the filopodium, lamellipodium,
cytokinesis, adhesion, and podosome formation (25). Existing
data indicate that F-BAR proteins are membrane-related
proteins that regulate membrane curvature by binding to cell
membrane phospholipids, indicating that they have a wider
range of effects at the membrane-cytoskeleton interface (24, 26,
27), and this function is in line with their participation in
exocytosis (28, 29), endocytosis (26, 30–32) and endosomal
recycling (33). The F-BAR family proteins can also participate
in macrophage activation, neutrophil migration, cytokine
production, and osteoclast differentiation (17, 23, 27, 34).
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The F-BAR family proteins have been reported to regulate many
cellular functions via F-actin assembly (11). It has been shown that
the EFC/F-BAR domain dimers are joined end-to-end to form
filaments for membrane-varus and endocytosis (35). The F-BAR
domain can connect the cytoskeleton and cell membrane by binding
to the negatively charged membrane phospholipids in the lipid
membrane (36). Importantly, this oligomerization enables F-BAR
family proteins to interact with different proteins simultaneously to
form a larger branched protein complex.

The mutations in PSTP1P1 and PSTPIP2 have been found in
association with AIDs, respectively in human and mice (37, 38).
Previous reports have demonstrated that mutations in PSTPIP1
result in human pyogenic sterile arthritis, pyoderma gangrenosum,
pyogenic arthritis, pyoderma gangrenosum, and acne syndrome, a
dominant autosomal autoinflammatory diseases (37). PSTPIP1-
associated myeloid-related proteinemia inflammatory syndrome
(PAMI) has been described as a unique clinical phenotype of
PSTPIP1-associated inflammatory disease (PADS) (39).

The cmo (L98P) and Lupo (I282N) mutations of PSTPIP2 in
mice lead to macrophage-mediated autoinflammatory diseases,
including skin necrosis, inflammation of the claw and ear, and
inflammatory bone resorption (17, 38, 40). Mutations to
PSTPIP2 in mice, induced by N-ethyl-N-nitrosourea, lead to
phenotypes parallel to cmo and Lupo (41). Mice with cmo and
Lupo in the early stages of disease exhibited markers of
macrophage activation by increasing levels of inflammatory
cytokines MIP-1 and IL-6 (16, 17).

Many F-BAR family proteins include the C-terminal Src
homology 3 (SH3) domain, which interacts with proline-rich
motifs present in members of the Wiskott Aldrich syndrome
protein (WASP) family and dynamin (26, 42–44). PSTPIP2 lacks
the SH3 domain that is indispensable for interaction with WASP
compared with PSTPIP1. Instead, it interacts with the C-
terminal homology domain of the PEST family phosphatases
(45) (Figure 1). PSTPIP2 is phosphorylated by tyrosine under
the treatment of colony-stimulating factor -1 (CSF-1) (45), and it
was also effectively phosphorylated after v-Src transfection (46).
Thus, PSTPIP2 could promote the reorganization and chemical
stability of the actin cytoskeleton (47, 48).
THE FUNCTION OF PSTPIP2 IN
VARIOUS CELLS

Macrophages and osteoclasts play important roles in AIDs, and
the main roles of macrophages and osteoclasts are shown in
Supplement Table 1 (49–52).

The Function of PSTPIP2 in Macrophages
Macrophages motility are significant in a variety of diseases (53).
Their central roles in biological processes are their ability to
migrate, reproduce, and devour. Migration, invasion, and
phagocytosis are actin-related cellular activities. It has been
reported that mutation of PSTPIP2 gene in mice can lead to
the occurrence of macrophage-mediated AIDs (16). CSF-1 is the
major growth factor that regulates the development and
June 2021 | Volume 12 | Article 585412
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maintenance of macrophages in tissues (53–55). CSF-1
stimulates the reorganization of the actin cytoskeleton and is
involved in the chemotactic (56). The CSF-1 receptor tyrosine
kinase mediates the effects of CSF-1 (57), which in turn mediates
the tyrosine phosphorylation of numerous cellular proteins in
response to CSF-1 (58), including that of PSTPIP2 (48).

Macrophages are specialized in rapidly changing shape,
migration, and phagocytosis. PSTPIP2 is the major tyrosine-
phosphorylated protein associated with F-actin in the cytosolic
fraction of macrophages stimulated by CSF-1 (45, 48). PSTPIP2
was reported to induce the binding of F-actin and its presence on
the actin bundles, indicating that it could interact with newly
synthesized actin filaments and package them into bundles in
Frontiers in Immunology | www.frontiersin.org 3
vitro. The orientations and chemotaxis of CSF-1 are directly
proportional to the expression level of PSTPIP2. Actin bundling
is significant for the formation of filopodia (59, 60). Filopodia is
thought to affect the direction by acting as environmental sensors
(61, 62). PSTPIP2 stimulates an increase in orienteering and
chemotaxis, which may partly explain the increased rate of
filopodia formation (27). PSTPIP2 is an actin bundling protein
that controls the structure of the actin cytoskeleton, and hence
controls the morphology and movement of macrophages
downstream of CSF-1R (27) (Figure 2). The coil region may be
significant for the above function of PSTPIP2 because it contains a
postulated actin-binding domain and is hypothesized to regulate
the oligomerization of PSTPIP2.
FIGURE 1 | F-BAR proteins regulate membrane curvature by binding to cell membrane phospholipids. PSTPIP2 lacks the SH3 domain that is indispensable for
interaction with WASP compared with PSTPIP1. Instead, it interacts with the C-terminal homology domain of the PEST family phosphatases.
June 2021 | Volume 12 | Article 585412
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The Function of PSTPIP2 in Osteoclasts
Bone remodeling is a key process in the development, maintenance,
and repair of vertebrates. It involves the synergistic activity of
osteoblasts and osteoclasts during bone digestion (63). An
imbalance of activity between the two cell types can lead to
disabling illnesses such as osteopenia or osteoporosis (64).

Osteoclasts are multinucleated cells produced by hematopoietic
mononuclear precursors. Bone resorption in vertebrates depends
on the ability of osteoclasts to gather F-actin podosomes that
coalesce into podosomal belts, forming sealing tapes. Sealing tapes
separate bone-facing ruffled membranes from other membranes
and disassemble osteoclasts as they migrate to new areas (65).
Frontiers in Immunology | www.frontiersin.org 4
Thus, cycles of cell migration and bone digestion are related to the
assembly and disassembly of F-actin-rich structures (66).

It has been reported that PSTPIP2 is highly expressed in the
F-actin-rich sealing area, and it can regulate the podosomes to
form the sealed area. PSTPIP2 plays important roles in the
homeostasis of osteoblasts and osteoclasts (63) (Figure 2).
PSTPIP2 presents a typical F-BAR domain, which contains
proteins that sense the positive membrane curvature and can
generate membrane tubules in vitro (67–69). This structure can
also explain the role of dynamin in podosome dynamics.
Dynamin is a Src-dependent GTPase that aggregates on the
tubular membrane during clathrin-mediated endocytosis (70). In
FIGURE 2 | The function of PSTPIP2 in various cells. In macrophages, PSTPIP2 participate in F-actin bundling, promote the formation of filopodia, and then control
the morphology and directional migration of macrophages. In osteoclast, PSTPIP2 is highly expressed in F-actin-rich area, and regulate the formation of podosomal
belts to promote the decomposition of osteoclast, which plays an important role in the belt dynamic balance of osteoclasts and osteoblasts.
June 2021 | Volume 12 | Article 585412
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addition to serving as a membrane scaffold, PSTPIP2 is also used
as a docking platform for recruiting podosome components in
osteoclasts (63). PSTPIP2 binds to talin1, which binds avb3
integrin and F-actin, and is critical for bone degradation (71).
PSTPIP2 can also be used as a docking platform for tyrosine-
protein phosphatases PTPN12 and PTPN22, contributing to the
stabilization of podosomes and sealing areas in osteoclasts.
ROLES OF PSTPIP2 IN
INFLAMMATORY DISEASES

Chronic Recurrent
Multifocal Osteomyelitis
Chronic recurrent multifocal osteomyelitis (CRMO) is an
inflammatory disease characterized by recurrent fever and bone
pain, resulting from inflammation (6) caused by aseptic
osteomyelitis (72–74). CRMO patients are mostly children, and
the clinical manifestations are bone inflammation, destruction,
and deformity (75). Plain films can be normal in the early stages of
the disease. However, they usually present as sclerosing osteolytic
lesions in the long bone around the growth plate (76, 77).

It is widely accepted that inflammatory immune cells play
important roles in the induction and maintenance of various
Frontiers in Immunology | www.frontiersin.org 5
inherited and induced bone diseases (78). CRMO is a complex
genetic disease and several genes that cause sterile osteomyelitis
have been identified in human and animal models, including
PSTPIP2. The missense mutations in PSTPIP2 leaded to
osteomyelitis and osteopathy with bone deformities in mice
(17, 23, 38) (Figure 3). As mice cmo disease, which is similar
to the experimental model of human CRMO, is specifically
mediated by the high production of IL-1b of neutrophils (79),
an autoinflammatory osteomyelitis mediated by caspase-8/
NLRP3 inflammasome driven by the nonreceptor tyrosine
kinase SYK (80). IL-1 is a major mediator of innate immunity
and is considered a major cytokine in local and systemic
inflammation (81). IL-1 plays a key role in the pathogenesis of
AIDs. The inhibition of IL-1 has become a key therapeutic target.
In addition, it has been reported that PSTPIP2 can also
negatively regulate the ROS generation pathway of neutrophil
NOX2 NADPH oxidase. NADPH oxidase dysregulation
promotes bone damage of autoinflammatory osteomyelitis (82).

Synovitis, Acne, Pustulosis, Hyperostosis,
and Osteitis
SAPHO syndrome is a relatively obscure autoinflammatory
condition (83). Most patients with SAPHO syndrome are
children and young adults, particularly females (84).
FIGURE 3 | Possible roles of PSTPIP2 in AIDs. Mutation of L98P in PSTPIP2 caused CMO that similar to human CRMO, and PSTPIP2-/- mice exhibit an
inflammatory response similar to SAPHO syndrome. PSTPIP2 can inhibit the activation of FLSs, the production of proinflammatory cytokines and the differentiation of
osteoclasts, leading to hinder the occurrence of AIDs.
June 2021 | Volume 12 | Article 585412
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The patient with SAPHO presents with significant bone and joint
involvement (85, 86). The skin lesion of SAPHO syndrome is a
neutrophilic dermatosis (87). SAPHO syndrome has been
associated with CRMO and multiple aseptic inflammatory
bone lesions (88). Although the pathogenesis remain unclear,
SAPHO syndrome tends to be familial and is associated with
genetic abnormalities, and there is an increasing understanding
that SAPHO is similar to other AIDs (38, 89). The discovery of
familial clustering cases supported the genetic basis of SAPHO,
but no specific mutations were found in SAPHO patients (90).

PSTPIP2 participates in macrophage activation, neutrophil
migration, cytokine production, and osteoclast differentiation
(91). It has been hypothesized to play crucial roles in innate
immune diseases and autoinflammatory bone disorders, including
SAPHO. PSTPIP2 knockout mice (PSTPIP2-/-) have been
reported to develop paw swelling, synovitis, osteoproliferation,
and osteitis, similar to SAPHO syndrome (91) (Figure 3). Studies
have shown that variants rs10889677, rs2201841, and rs7517847
Frontiers in Immunology | www.frontiersin.org 6
of IL-23R, and variant rs2243248 of IL-4, showed strong
associations with SAPHO syndrome. Patients carrying the A-G-
C-G-T haplotype of IL-23 are significantly more likely to develop
SAPHO syndrome (92).
POTENTIAL INVOLVEMENT OF PSTPIP2
IN INFLAMMATORY DISEASES

PSTPIP2 is known to play an important role in the development of
AIDs, where its reduced or complete loss of expression is the
major cause of the diseases (16, 17, 38). However, the mechanisms
controlling the function of PSTPIP2 have not been fully
elucidated. As an adaptor protein, it may function by regulating
interactions between proteins, inhibitory enzymes, and other
negative regulators (Figure 4). Partial inhibition of PSTPIP2 is
mediated by protein tyrosine phosphatases in the PTP-PEST
family. These tyrosine phosphatases interact with the central
FIGURE 4 | The related mechanism of PSTPIP2. PSTPIP2 have a N-terminal F-BAR domain and a C-terminal tail. The PSTPIP2 C-terminal can be combined with
PEST- family and the inhibition of PSTPIP2 is mediated by protein tyrosine phosphatases located in the central area of PEST-family. PEST-PTPs can bind to CSK
through a proline-rich or tyrosine-rich motif in their central region. PEST-PTPs also involves recruiting CSK to PSTPIP2, which further enhances the independent
binding of CSK to PSTPIP2. SHIP1 binds to the key tyrosine residues at the C terminal of PSTPIP2. Lipid phosphatase SHIP1, a regulatory protein, controls the
activity of the PI3K pathway via dephosphorylating its crucial mediator, phosphatidylinositol-3,4,5-trisphosphate [PI (3,4,5) P3]. This results in the decreased activity
of some of its downstream effectors, such as Akt. PSTPIP2 regulate membrane curvature by binding to cell membrane phospholipids by F-BAR domain. F-BAR
could bind to actin polymerization factor of actin filament. WASP binds to the Arp2/3 complex and triggers the formation of a weave of actin comprising branched
actin filaments. And the SH3 domain of PSTPIP1 could interact with WASP.
June 2021 | Volume 12 | Article 585412
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part of the protein. The only known PSTPIP2 binding molecule in
this class is PEST-PTPs (23, 46), which consists of three members:
PEP/LYP, PTP-HSCF (PTPN18), and PTP-PEST (PTPN12) (93).
All three family members can bind to CSK through a proline-rich
or tyrosine-rich motif in their central region (94–96).

Another possible role of PEST-PTPs is the recruitment of CSK
to PSTPIP2, which further enhances the independent binding of
CSK to PSTPIP2. In addition, more evidence supports the
importance of PEST-PTPs in PSTPIP2 functionality. These
adaptor proteins are involved in the regulation of inflammation,
and changes in their function lead to the development of
autoinflammatory diseases (17, 37). For example, mutation of
W232A in PSTPIP2 prevents its binding to PEST-family
phosphatase, and impairs the ability of PSTPIP2 to restrain the
differentiation of osteoclasts and megakaryocytes (23, 97).
However, other areas of PSTPIP2 that are not required for
PEST-family phosphatase binding have also been shown to be
indispensable for PSTPIP2 function. It has been reported that
PSTPIP2 can bind to the inhibitory enzymes CSK and SHIP1 (98).

SHIP1 binds to the key tyrosine residues at the C terminal of
PSTPIP2, which is important for the independent inhibition of
PEST-phosphatase in different cellular systems. This region is
important for PSTPIP2-mediated inhibition of IL-1b processing in
neutrophils, and SHIP1 inhibition led to an enhancement of this
process. Lipid phosphatase SHIP1, a regulatory protein, controls
the activity of the PI3K pathway by dephosphorylating its crucial
mediator, phosphatidylinositol-3,4,5-trisphosphate [PI (3,4,5) P3].
This results in decreased activity of some of its downstream
effectors (99). A typical example of this effect is Akt, a serine/
threonine kinase, which is involved in cell activation, proliferation,
metabolism, and survival, and is absorbed into the plasma
membrane by PI(3,4,5)P3 for further activation (100). There are
also ample data to show that SHIP1 negatively regulates the
MAPK pathway through various mechanisms (101).

The protein tyrosine kinase CSK is another key negative
regulator of leukocyte signaling. PSTPIP2 is characterized by
an N-terminal F-BAR domain that mediates interactions with
membrane phospholipids as well as a C-terminal tail containing
various interaction motifs (102). The F-BAR domain of PSTPIP2
can interact with PI (4,5) P2 (24), and its C-terminal could bind
PEST-PTPs through an interactive motif including tryptophan
232 (23, 103). The C-terminus of PSTPIP2 contains several
unknown functional tyrosine, which are often phosphorylated
in macrophages after exposure to M-CSF (45).

PSTPIP2 deficiency results in an increased response to CSF-1
stimuli, and causes the overactivation of Erk1/2 and STAT1 in
macrophages (16); Erk1/2 is the main regulator of proliferation
of macrophages and their progenitors induced by CSF-1 (104).
Therefore, PSTPIP2 suppresses inflammation and osteoclast
generation as a CSF-1R signaling negative feedback regulator.
Overexpression of PSTPIP2 restrains membrane ruffling and
formation of filopodia, cell stretching, and motility (27).
PSTPIP2 might play a vital role in the development of AIDs,
and knowledge of these mechanisms will be useful for therapies
for AIDs. In summary, PSTPIP2 may be a potential therapeutic
target for AIDS.
Frontiers in Immunology | www.frontiersin.org 7
CONCLUSIONS

Proline-serine-threonine-phosphatase-interacting protein 2
(PSTPIP2) belongs to the F-BAR family of proteins. There is
evidence that PSTPIP2 plays an important role in the development
of AIDs. The PSTPIP2cmo mouse strain is a character model for
this type of disease. Due to a mutation that resulted in a deficiency
of the adaptor protein PSTPIP2, these animals developed chronic
inflammatory multifocal osteomyelitis, with symptoms are similar
to human CRMO. In macrophages, PSTPIP2 can negatively
regulate the activation of macrophages and inhibit the release of
inflammatory cytokines, thereby inhibiting the development of
inflammation. In osteoclasts, PSTPIP2 plays an important role in
the homeostasis of osteoblasts and osteoclasts and participates in
osteoclast-induced osteoclasts. This plays a significant role in the
occurrence and development of AIDs, such as CRMO and
SAPHO. In addition to macrophages, neutrophils, monocytes,
natural killer (NK) cells, T cells and B cells also play important
roles in autoinflammatory diseases (4, 105), and the study of
PSTPIP2 in these cells remains to be explored. The mechanisms
controlling the function of PSTPIP2 have not been
fully elucidated.

Partial inhibition of PSTPIP2 is mediated by protein tyrosine
phosphatases in the PEST-family, and more evidence supports the
importance of PEST-PTPs to PSTPIP2 functionality. It has been
reported that PSTPIP2 can bind to the inhibitory enzymes CSK
and SHIP1. Another possible role of PEST-PTPs is the recruitment
of CSK to PSTPIP2, which further enhances the independent
binding of CSK to PSTPIP2. These adaptor proteins are involved
in the regulation of inflammation, and changes in their function
lead to the development of autoinflammatory diseases. PSTPIP2
also plays an important role in liver fibrosis (18). Overexpression
of PSTPIP2 inhibited the expression of M1 markers by
suppressing STAT1 activity and enhanced the expression of M2
markers by promoting STAT6 activity (Supplement Table 2).
AIDs are spontaneous inflammatory diseases caused by innate
immune system disorders. Accumulating evidence suggests that
PSTPIP2 of the F-BAR family plays a vital role in AIDs, they may
be involved in controlling inflammation and the pathophysiology
of some autoinflammatory syndromes.

Actin is a major component of the cellular dielectric structure,
and abnormal regulation of the cytoskeleton determines complex
clinical manifestations, inflammatory manifestations, and
immune deficiency. “Actinopathies”, a new area of AIDs, is a
significant overlap between autoinflammation and immune-
dysregulation. Autoinflammatory periodic fever, immune
deficiency, and thrombocytopenia (PFIT) syndrome are caused
by mutations in the actin-regulating WDR1 gene that encodes
WD-repeat 1 (106). The protein plays a critical role in the
dynamic reorganization of the cytoskeleton. A new monogenic
AIDs characterized by IL-18 hypersecretion have been associated
with cytoskeletal abnormalities (107). PSTPIP2 exhibits F-actin
bundling activity, indicating that it plays a certain role in the
membrane–cytoskeleton interface.

There is growing evidence that mutations in different genes
associated with autoinflammation are associated with other
June 2021 | Volume 12 | Article 585412
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“neutrophilic diseases” (108–110). Pyoderma gangrene (PG) is a
rare inflammatory neutrophilic skin disease that may occur in
the context of PAPA (pyogenic sterile arthritis with PG and
acne) and SAPHO syndromes as well as PASH (pyoderma
gangrenosum, acne and pyogenic hidradenitis) syndromes
(108). Two mutations encoding PSTPIP1 gene (A230T and
E250Q) were found in PAPA patients (111), and the absence
of PSTPIP2 triggers SAPHO syndromes (91). Neutrophil-
mediated dermatosis are now considered to be a spectrum of
polygenic autoinflammation (112).

From the above, PSTPIP2 is mainly expressed in macrophages
and regulates the functions of macrophages and osteoclasts,
affecting the occurrence and development of AIDs. PSTPIP2
may be a potential target for the treatment of AIDs, providing a
new theoretical support for the treatment of AIDs. And it is
speculated that PSTPIP2 may play an important role in
actinopathies. Autoinflammatory diseases and autoimmune
diseases share many similar etiological and clinical features,
including genetic susceptibility and recurrent systemic
inflammatory flares (113). It has been reported that PSTPIP2
suppressed inflammation in autoimmune diseases (114). The
previous research of our group indicated that adding PSTPIP2
expression alleviated liver fibrosis and hepatic inflammation in
mice (18). PSTPIP2may be closely related to autoimmune diseases
and inflammation-related diseases. More information is clearly
needed to fully understand the functions, mechanisms, and
regulation of PSTPIP2 under normal and pathological
conditions. However, there are few studies on the role of
PSTPIP2 in AIDs. Therefore, additional research addressing
Frontiers in Immunology | www.frontiersin.org 8
these issues is warranted to better understand PSTPIP2 and to
fully recognize the similarity and specificity of members of the
PSTPIP family.
AUTHOR CONTRIBUTIONS

J-JX and H-DL writing, original draft and figure preparation. X-SD
and J-JL original draft preparation. X-MMandCH table preparation
andediting. JLwriting, review, andediting.All authors contributed to
the article and approved the submitted version.
FUNDING

This work was supported by grants from the National Natural
Science Foundation of China (No. 81770609), Anhui Medical
University of Science and Technology (No. 1704a0802161), and
The University Synergy Innovation Program of Anhui Province
(No. GXXT-2019-045).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
585412/full#supplementary-material
REFERENCES

1. McDermott MF, Aksentijevich I, Galon J, McDermott EM, Ogunkolade
BW, Centola M, et al. Germline Mutations in the Extracellular Domains of
the 55 Kda TNF Receptor, TNFR1, Define a Family of Dominantly Inherited
Autoinflammatory Syndromes. Cell (1999) 97(1):133–44. doi: 10.1016/
S0092-8674(00)80721-7

2. Hong SW, Kim S, Lee DK. The Role of Bach2 in Nucleic Acid-Triggered
Antiviral Innate Immune Responses. Biochem Biophys Res Commun (2008)
365(3):426–32. doi: 10.1016/j.bbrc.2007.10.183

3. Wang L, Wang FS, Gershwin ME. Human Autoimmune Diseases: A
Comprehensive Update. J Intern Med (2015) 278(4):369–95. doi: 10.1111/
joim.12395

4. Krainer J, Siebenhandl S, Weinhausel A. Systemic Autoinflammatory
Diseases. J Autoimmun (2020) 109:102421. doi: 10.1016/j.jaut.2020.102421

5. Touitou I, Kone-Paut I. Autoinflammatory Diseases. Best Pract Res Clin
Rheumatol (2008) 22(5):811–29. doi: 10.1016/j.berh.2008.08.009

6. Ferguson PJ, Chen S, TayehMK,Ochoa L, Leal SM, Pelet A, et al. Homozygous
Mutations in LPIN2 are Responsible for the Syndrome of Chronic Recurrent
Multifocal Osteomyelitis and Congenital Dyserythropoietic Anaemia (Majeed
Syndrome). J Med Genet (2005) 42(7):551–7. doi: 10.1136/jmg.2005.030759

7. Omenetti A, Carta S, Delfino L, Martini A, Gattorno M, Rubartelli A.
Increased NLRP3-dependent Interleukin 1beta Secretion in Patients With
Familial Mediterranean Fever: Correlation With MEFV Genotype. Ann
Rheum Dis (2014) 73(2):462–9. doi: 10.1136/annrheumdis-2012-202774

8. Wang D, Liang S, Zhang X, Dey SK, Li Y, Xu C, et al. Targeted Next-
Generation Sequencing Approach for Molecular Genetic Diagnosis of
Hereditary Colorectal Cancer: Identification of a Novel Single Nucleotide
Germline Insertion in Adenomatous Polyposis Coli Gene Causes Familial
Adenomatous Polyposis. Mol Genet Genomic Med (2019) 7(1):e00505. doi:
10.1002/mgg3.505
9. Jari M, Mohammadi T, Taheri E. Bilateral Retrobulbar Optic Neuritis as the
First Manifestation of Neuro-Behcet Disease. Case Rep Rheumatol (2020)
2020:8834399. doi: 10.1155/2020/8834399

10. Lyu MS, Li DY, Zhou SZ, Ban CJ, Yan J. Adult-Onset Still’s Disease
Successfully Treated With Chinese Herbal Medicine: A Case Report With
15-Month Follow-Up. J Integr Med (2020) 18(6):530–4. doi: 10.1016/
j.joim.2020.08.004

11. Lippincott J, Li R. Involvement of PCH Family Proteins in Cytokinesis and
Actin Distribution. Microsc Res Tech (2000) 49(2):168–72. doi: 10.1002/
(SICI)1097-0029(20000415)49:2<168::AID-JEMT9>3.0.CO;2-T

12. Cox AJ, Ferguson PJ. Update on the Genetics of Nonbacterial Osteomyelitis
in Humans. Curr Opin Rheumatol (2018) 30(5):521–5. doi: 10.1097/
BOR.0000000000000530

13. Gurung P, Burton A, Kanneganti TD. NLRP3 Inflammasome Plays a
Redundant Role With Caspase 8 to Promote IL-1Beta-Mediated
Osteomyelitis. Proc Natl Acad Sci USA (2016) 113(16):4452–7. doi:
10.1073/pnas.1601636113

14. Chen H, Li Y, Li T, Sun H, Tan C, Gao M, et al. Identification of Potential
Transcriptional Biomarkers Differently Expressed in Both s. Aureus- and E.
Coli-Induced Sepsis Via Integrated Analysis. BioMed Res Int (2019)
2019:2487921. doi: 10.1155/2019/2487921

15. Marzano AV, Borghi A, Meroni PL, Cugno M. Pyoderma Gangrenosum and
its Syndromic Forms: Evidence for a Link With Autoinflammation. Br J
Dermatol (2016) 175(5):882–91. doi: 10.1111/bjd.14691

16. Chitu V, Ferguson PJ, de Bruijn R, Schlueter AJ, Ochoa LA,Waldschmidt TJ,
et al. Primed Innate Immunity Leads to Autoinflammatory Disease in
PSTPIP2-deficient Cmo Mice. Blood (2009) 114(12):2497–505. doi:
10.1182/blood-2009-02-204925

17. Grosse J, Chitu V, Marquardt A, Hanke P, Schmittwolf C, Zeitlmann L, et al.
Mutation of Mouse Mayp/Pstpip2 Causes a Macrophage Autoinflammatory
Disease. Blood (2006) 107(8):3350–8. doi: 10.1182/blood-2005-09-3556
June 2021 | Volume 12 | Article 585412

https://www.frontiersin.org/articles/10.3389/fimmu.2021.585412/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.585412/full#supplementary-material
https://doi.org/10.1016/S0092-8674(00)80721-7
https://doi.org/10.1016/S0092-8674(00)80721-7
https://doi.org/10.1016/j.bbrc.2007.10.183
https://doi.org/10.1111/joim.12395
https://doi.org/10.1111/joim.12395
https://doi.org/10.1016/j.jaut.2020.102421
https://doi.org/10.1016/j.berh.2008.08.009
https://doi.org/10.1136/jmg.2005.030759
https://doi.org/10.1136/annrheumdis-2012-202774
https://doi.org/10.1002/mgg3.505
https://doi.org/10.1155/2020/8834399
https://doi.org/10.1016/j.joim.2020.08.004
https://doi.org/10.1016/j.joim.2020.08.004
https://doi.org/10.1002/(SICI)1097-0029(20000415)49:2%3C168::AID-JEMT9%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1097-0029(20000415)49:2%3C168::AID-JEMT9%3E3.0.CO;2-T
https://doi.org/10.1097/BOR.0000000000000530
https://doi.org/10.1097/BOR.0000000000000530
https://doi.org/10.1073/pnas.1601636113
https://doi.org/10.1155/2019/2487921
https://doi.org/10.1111/bjd.14691
https://doi.org/10.1182/blood-2009-02-204925
https://doi.org/10.1182/blood-2005-09-3556
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xu et al. PSTPIP2 in Autoinflammatory Diseases
18. Yang Y, Wu XQ, Li WX, Huang HM, Li HD, Pan XY, et al. PSTPIP2
Connects DNA Methylation to Macrophage Polarization in CCL4-Induced
Mouse Model of Hepatic Fibrosis. Oncogene (2018) 37(47):6119–35. doi:
10.1038/s41388-018-0383-0

19. Zhu H, Jiang W, Zhao H, He C, Tang X, Xu S, et al. PSTPIP2 Inhibits
Cisplatin-Induced Acute Kidney Injury by Suppressing Apoptosis of Renal
Tubular Epithelial Cells. Cell Death Dis (2020) 11(12):1057. doi: 10.1038/
s41419-020-03267-2

20. Satproedprai N, Wichukchinda N, Suphankong S, Inunchot W, Kuntima T,
Kumpeerasart S, et al. Diagnostic Value of Blood Gene Expression
Signatures in Active Tuberculosis in Thais: A Pilot Study. Genes Immun
(2015) 16(4):253–60. doi: 10.1038/gene.2015.4

21. Raedler D, Ballenberger N, Klucker E, Bock A, Otto R, Prazeres da Costa O,
et al. Identification of Novel Immune Phenotypes for Allergic and
Nonallergic Childhood Asthma. J Allergy Clin Immunol (2015) 135(1):81–
91. doi: 10.1016/j.jaci.2014.07.046

22. Martin A, Xiong J, Koromila T, Ji JS, Chang S, Song YS, et al. Estrogens
Antagonize RUNX2-mediated Osteoblast-Driven Osteoclastogenesis
Through Regulating RANKL Membrane Association. Bone (2015) 75:96–
104. doi: 10.1016/j.bone.2015.02.007

23. Chitu V, Nacu V, Charles JF, Henne WM, McMahon HT, Nandi S, et al.
PSTPIP2 Deficiency in Mice Causes Osteopenia and Increased
Differentiation of Multipotent Myeloid Precursors Into Osteoclasts. Blood
(2012) 120(15):3126–35. doi: 10.1182/blood-2012-04-425595

24. Tsujita K, Suetsugu S, Sasaki N, Furutani M, Oikawa T, Takenawa T.
Coordination Between the Actin Cytoskeleton and Membrane
Deformation by a Novel Membrane Tubulation Domain of PCH Proteins
is Involved in Endocytosis. J Cell Biol (2006) 172(2):269–79. doi: 10.1083/
jcb.200508091

25. Liu S, Xiong X, Zhao X, Yang X, Wang H. F-BAR Family Proteins, Emerging
Regulators for Cell Membrane Dynamic Changes-From Structure to Human
Diseases. J Hematol Oncol (2015) 8:47. doi: 10.1186/s13045-015-0144-2

26. Itoh T, Erdmann KS, Roux A, Habermann B, Werner H, De Camilli P.
Dynamin and the Actin Cytoskeleton Cooperatively Regulate Plasma
Membrane Invagination by BAR and F-BAR Proteins. Dev Cell (2005) 9
(6):791–804. doi: 10.1016/j.devcel.2005.11.005

27. Chitu V, Pixley FJ, Macaluso F, Larson DR, Condeelis J, Yeung YG, et al. The
PCH Family Member MAYP/PSTPIP2 Directly Regulates F-actin Bundling
and Enhances Filopodia Formation and Motility in Macrophages. Mol Biol
Cell (2005) 16(6):2947–59. doi: 10.1091/mbc.e04-10-0914

28. Kessels MM, Dong J, Leibig W, Westermann P, Qualmann B. Complexes of
Syndapin II With Dynamin II Promote Vesicle Formation at the trans-Golgi
Network. J Cell Sci (2006) 119(Pt 8):1504–16. doi: 10.1242/jcs.02877

29. Qian J, Chen W, Lettau M, Podda G, Zornig M, Kabelitz D, et al. Regulation
of FasL Expression: A SH3 Domain Containing Protein Family Involved in
the Lysosomal Association of Fasl. Cell Signal (2006) 18(8):1327–37. doi:
10.1016/j.cellsig.2005.10.015

30. Kamioka Y, Fukuhara S, Sawa H, Nagashima K, Masuda M, Matsuda M,
et al. A Novel Dynamin-Associating Molecule, Formin-Binding Protein 17,
Induces Tubular Membrane Invaginations and Participates in Endocytosis.
J Biol Chem (2004) 279(38):40091–9. doi: 10.1074/jbc.M404899200

31. Kessels MM, Qualmann B. Syndapins Integrate N-WASP in Receptor-
Mediated Endocytosis. EMBO J (2002) 21(22):6083–94. doi: 10.1093/
emboj/cdf604

32. Perez-Otano I, Lujan R, Tavalin SJ, Plomann M, Modregger J, Liu XB, et al.
Endocytosis and Synaptic Removal of NR3A-Containing NMDA Receptors
by PACSIN1/Syndapin1. Nat Neurosci (2006) 9(5):611–21. doi: 10.1038/
nn1680

33. Braun A, Pinyol R, Dahlhaus R, Koch D, Fonarev P, Grant BD, et al. EHD
Proteins Associate With Syndapin I and II and Such Interactions Play a
Crucial Role in Endosomal Recycling. Mol Biol Cell (2005) 16(8):3642–58.
doi: 10.1091/mbc.e05-01-0076

34. Cooper KM, Bennin DA, Huttenlocher A. The PCH Family Member
Proline-Serine-Threonine Phosphatase-Interacting Protein 1 Targets to the
Leukocyte Uropod and Regulates Directed Cell Migration. Mol Biol Cell
(2008) 19(8):3180–91. doi: 10.1091/mbc.e08-02-0225

35. Shimada A, Niwa H, Tsujita K, Suetsugu S, Nitta K, Hanawa-Suetsugu K,
et al. Curved EFC/F-BAR-domain Dimers are Joined End to End Into a
Frontiers in Immunology | www.frontiersin.org 9
Filament for Membrane Invagination in Endocytosis. Cell (2007) 129
(4):761–72. doi: 10.1016/j.cell.2007.03.040

36. Kelley CF, Messelaar EM, Eskin TL, Wang S, Song K, Vishnia K, et al.
Membrane Charge Directs the Outcome of F-BAR Domain Lipid Binding
and Autoregulation. Cell Rep (2015) 13(11):2597–609. doi: 10.1016/
j.celrep.2015.11.044

37. Wise CA, Gillum JD, Seidman CE, Lindor NM, Veile R, Bashiardes S, et al.
Mutations in CD2BP1 Disrupt Binding to PTP PEST and are Responsible for
PAPA Syndrome, an Autoinflammatory Disorder. Hum Mol Genet (2002)
11(8):961–9. doi: 10.1093/hmg/11.8.961

38. Ferguson PJ, Bing X, Vasef MA, Ochoa LA, Mahgoub A, Waldschmidt TJ,
et al. A Missense Mutation in Pstpip2 Is Associated With the Murine
Autoinflammatory Disorder Chronic Multifocal Osteomyelitis. Bone (2006)
38(1):41–7. doi: 10.1016/j.bone.2005.07.009

39. Holzinger D, Roth J. Alarming Consequences - Autoinflammatory Disease
Spectrum Due to Mutations in Proline-Serine-Threonine Phosphatase-
Interacting Protein 1. Curr Opin Rheumatol (2016) 28(5):550–9. doi:
10.1097/BOR.0000000000000314

40. Hentunen TA, Choi SJ, Boyce BF, Dallas MR, Dallas SL, Shen-Ong GL, et al.
A Murine Model of Inflammatory Bone Disease. Bone (2000) 26(2):183–8.
doi: 10.1016/S8756-3282(99)00247-1

41. Chen TC, Wu JJ, Chang WP, Hsu PN, Hsieh ST, Shyu BC. Spontaneous
Inflammatory Pain Model From a Mouse Line With N-Ethyl-N-Nitrosourea
Mutagenesis. J BioMed Sci (2012) 19:55. doi: 10.1186/1423-0127-19-55

42. IckingA,Matt S, OpitzN,Wiesenthal A,Muller-EsterlW, Schilling K.NOSTRIN
Functions as aHomotrimericAdaptorProteinFacilitating Internalization of Enos.
J Cell Sci (2005) 118(Pt 21):5059–69. doi: 10.1242/jcs.02620

43. Kessels MM, Qualmann B. The Syndapin Protein Family: Linking
Membrane Trafficking With the Cytoskeleton. J Cell Sci (2004) 117(Pt
15):3077–86. doi: 10.1242/jcs.01290

44. Ho HY, Rohatgi R, Lebensohn AM, Le M, Li J, Gygi SP, et al. Toca-1
Mediates Cdc42-dependent Actin Nucleation by Activating the N-WASP-
WIP Complex. Cell (2004) 118(2):203–16. doi: 10.1016/j.cell.2004.06.027

45. Yeung YG, Soldera S, Stanley ER. A Novel Macrophage Actin-Associated
Protein (MAYP) is Tyrosine-Phosphorylated Following Colony Stimulating
Factor-1 Stimulation. J Biol Chem (1998) 273(46):30638–42. doi: 10.1074/
jbc.273.46.30638

46. Wu Y, Dowbenko D, Lasky LA. PSTPIP 2, a Second Tyrosine
Phosphorylated, Cytoskeletal-Associated Protein That Binds a PEST-type
Protein-Tyrosine Phosphatase. J Biol Chem (1998) 273(46):30487–96. doi:
10.1074/jbc.273.46.30487

47. Webb SE, Pollard JW, Jones GE. Direct Observation and Quantification of
Macrophage Chemoattraction to the Growth Factor CSF-1. J Cell Sci (1996)
109(Pt 4):793–803. doi: 10.1242/jcs.109.4.793

48. Yeung YG, Wang Y, Einstein DB, Lee PS, Stanley ER. Colony-Stimulating
Factor-1 Stimulates the Formation of Multimeric Cytosolic Complexes of
Signaling Proteins and Cytoskeletal Components in Macrophages. J Biol
Chem (1998) 273(27):17128–37. doi: 10.1074/jbc.273.27.17128

49. Wynn TA, Vannella KM. Macrophages in Tissue Repair, Regeneration, and
Fibrosis. Immunity (2016) 44(3):450–62. doi: 10.1016/j.immuni.2016.02.015

50. Shapouri-Moghaddam A, Mohammadian S, Vazini H, Taghadosi M,
Esmaeili SA, Mardani F, et al. Macrophage Plasticity, Polarization, and
Function in Health and Disease. J Cell Physiol (2018) 233(9):6425–40. doi:
10.1002/jcp.26429

51. Asano T, Ohnishi K, Shiota T, Motoshima T, Sugiyama Y, Yatsuda J, et al.
CD169-Positive Sinus Macrophages in the Lymph Nodes Determine Bladder
Cancer Prognosis. Cancer Sci (2018) 109(5):1723–30. doi: 10.1111/cas.13565

52. Kiyoi T. Bone Resorption Activity in Mature Osteoclasts. Methods Mol Biol
(2018) 1868:215–22. doi: 10.1007/978-1-4939-8802-0_22

53. Pixley FJ, Stanley ER. CSF-1 Regulation of the Wandering Macrophage:
Complexity in Action. Trends Cell Biol (2004) 14(11):628–38. doi: 10.1016/
j.tcb.2004.09.016

54. Cecchini MG, Dominguez MG, Mocci S, Wetterwald A, Felix R, Fleisch H,
et al. Role of Colony Stimulating Factor-1 in the Establishment and
Regulation of Tissue Macrophages During Postnatal Development of the
Mouse. Development (1994) 120(6):1357–72. doi: 10.1242/dev.120.6.1357

55. Tushinski RJ, Oliver IT, Guilbert LJ, Tynan PW, Warner JR, Stanley ER.
Survival of Mononuclear Phagocytes Depends on a Lineage-Specific Growth
June 2021 | Volume 12 | Article 585412

https://doi.org/10.1038/s41388-018-0383-0
https://doi.org/10.1038/s41419-020-03267-2
https://doi.org/10.1038/s41419-020-03267-2
https://doi.org/10.1038/gene.2015.4
https://doi.org/10.1016/j.jaci.2014.07.046
https://doi.org/10.1016/j.bone.2015.02.007
https://doi.org/10.1182/blood-2012-04-425595
https://doi.org/10.1083/jcb.200508091
https://doi.org/10.1083/jcb.200508091
https://doi.org/10.1186/s13045-015-0144-2
https://doi.org/10.1016/j.devcel.2005.11.005
https://doi.org/10.1091/mbc.e04-10-0914
https://doi.org/10.1242/jcs.02877
https://doi.org/10.1016/j.cellsig.2005.10.015
https://doi.org/10.1074/jbc.M404899200
https://doi.org/10.1093/emboj/cdf604
https://doi.org/10.1093/emboj/cdf604
https://doi.org/10.1038/nn1680
https://doi.org/10.1038/nn1680
https://doi.org/10.1091/mbc.e05-01-0076
https://doi.org/10.1091/mbc.e08-02-0225
https://doi.org/10.1016/j.cell.2007.03.040
https://doi.org/10.1016/j.celrep.2015.11.044
https://doi.org/10.1016/j.celrep.2015.11.044
https://doi.org/10.1093/hmg/11.8.961
https://doi.org/10.1016/j.bone.2005.07.009
https://doi.org/10.1097/BOR.0000000000000314
https://doi.org/10.1016/S8756-3282(99)00247-1
https://doi.org/10.1186/1423-0127-19-55
https://doi.org/10.1242/jcs.02620
https://doi.org/10.1242/jcs.01290
https://doi.org/10.1016/j.cell.2004.06.027
https://doi.org/10.1074/jbc.273.46.30638
https://doi.org/10.1074/jbc.273.46.30638
https://doi.org/10.1074/jbc.273.46.30487
https://doi.org/10.1242/jcs.109.4.793
https://doi.org/10.1074/jbc.273.27.17128
https://doi.org/10.1016/j.immuni.2016.02.015
https://doi.org/10.1002/jcp.26429
https://doi.org/10.1111/cas.13565
https://doi.org/10.1007/978-1-4939-8802-0_22
https://doi.org/10.1016/j.tcb.2004.09.016
https://doi.org/10.1016/j.tcb.2004.09.016
https://doi.org/10.1242/dev.120.6.1357
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xu et al. PSTPIP2 in Autoinflammatory Diseases
Factor That the Differentiated Cells Selectively Destroy. Cell (1982) 28
(1):71–81. doi: 10.1016/0092-8674(82)90376-2

56. Wyckoff J, WangW, Lin EY, Wang Y, Pixley F, Stanley ER, et al. A Paracrine
Loop Between Tumor Cells and Macrophages Is Required for Tumor Cell
Migration in Mammary Tumors. Cancer Res (2004) 64(19):7022–9. doi:
10.1158/0008-5472.CAN-04-1449

57. Sherr CJ, Rettenmier CW, Sacca R, Roussel MF, Look AT, Stanley ER. The
C-Fms Proto-Oncogene Product Is Related to the Receptor for the
Mononuclear Phagocyte Growth Factor, CSF-1. Cell (1985) 41(3):665–76.
doi: 10.1016/S0092-8674(85)80047-7

58. Yeung YG, Stanley ER. Proteomic Approaches to the Analysis of Early
Events in Colony-Stimulating Factor-1 Signal Transduction. Mol Cell
Proteomics (2003) 2(11):1143–55. doi: 10.1074/mcp.R300009-MCP200

59. Svitkina TM, Bulanova EA, Chaga OY, Vignjevic DM, Kojima S, Vasiliev JM,
et al. Mechanism of Filopodia Initiation by Reorganization of a Dendritic
Network. J Cell Biol (2003) 160(3):409–21. doi: 10.1083/jcb.200210174

60. Vignjevic D, Yarar D, Welch MD, Peloquin J, Svitkina T, Borisy GG.
Formation of Filopodia-Like Bundles In Vitro From a Dendritic Network.
J Cell Biol (2003) 160(6):951–62. doi: 10.1083/jcb.200208059

61. Jones GE, Allen WE, Ridley AJ. The Rho Gtpases in Macrophage Motility
and Chemotaxis. Cell Adhes Commun (1998) 6(2-3):237–45. doi: 10.3109/
15419069809004479

62. Bryant PJ. Filopodia: Fickle Fingers of Cell Fate? Curr Biol (1999) 9(17):
R655–7. doi: 10.1016/S0960-9822(99)80416-3

63. Sztacho M, Segeletz S, Sanchez-Fernandez MA, Czupalla C, Niehage C,
Hoflack B. Bar Proteins Pstpip1/2 Regulate Podosome Dynamics and the
Resorption Activity of Osteoclasts. PloS One (2016) 11(10):e0164829. doi:
10.1371/journal.pone.0164829

64. Wu W, Xiao Z, Chen Y, Deng Y, Zeng D, Liu Y, et al. Cd39 Produced From
Human Gmscs Regulates the Balance of Osteoclasts and Osteoblasts
Through the Wnt/beta-Catenin Pathway in Osteoporosis. Mol Ther (2020)
28(6):1518–32. doi: 10.1016/j.ymthe.2020.04.003

65. Teitelbaum SL. The Osteoclast and its Unique Cytoskeleton. Ann N Y Acad
Sci (2011) 1240:14–7. doi: 10.1111/j.1749-6632.2011.06283.x

66. Saltel F, Destaing O, Bard F, Eichert D, Jurdic P. Apatite-Mediated Actin
Dynamics in Resorbing Osteoclasts. Mol Biol Cell (2004) 15(12):5231–41.
doi: 10.1091/mbc.e04-06-0522

67. McMahon HT, Gallop JL. Membrane Curvature and Mechanisms of
Dynamic Cell Membrane Remodelling. Nature (2005) 438(7068):590–6.
doi: 10.1038/nature04396

68. Daumke O, Roux A, Haucke V. BAR Domain Scaffolds in Dynamin-Mediated
Membrane Fission. Cell (2014) 156(5):882–92. doi: 10.1016/j.cell.2014.02.017

69. MimC,Unger VM.Membrane Curvature and its Generation by BARProteins.
Trends Biochem Sci (2012) 37(12):526–33. doi: 10.1016/j.tibs.2012.09.001

70. Bruzzaniti A, Neff L, Sanjay A, Horne WC, De Camilli P, Baron R. Dynamin
Forms a Src Kinase-Sensitive Complex With Cbl and Regulates Podosomes
and Osteoclast Activity. Mol Biol Cell (2005) 16(7):3301–13. doi: 10.1091/
mbc.e04-12-1117

71. Zou W, Izawa T, Zhu T, Chappel J, Otero K, Monkley SJ, et al. Talin1 and
Rap1 are Critical for Osteoclast Function.Mol Cell Biol (2013) 33(4):830–44.
doi: 10.1128/MCB.00790-12

72. Hofmann SR, Kapplusch F, Girschick HJ, Morbach H, Pablik J, Ferguson PJ,
et al. Chronic Recurrent Multifocal Osteomyelitis (Crmo): Presentation,
Pathogenesis, and Treatment. Curr Osteoporos Rep (2017) 15(6):542–54. doi:
10.1007/s11914-017-0405-9

73. Wipff J, Costantino F, Lemelle I, Pajot C, Duquesne A, Lorrot M, et al. A
Large National Cohort of French Patients With Chronic Recurrent
Multifocal Osteitis. Arthritis Rheumatol (2015) 67(4):1128–37. doi:
10.1002/art.39013

74. Cox AJ, Zhao Y, Ferguson PJ. Chronic Recurrent Multifocal Osteomyelitis
and Related Diseases-Update on Pathogenesis. Curr Rheumatol Rep (2017)
19(4):18. doi: 10.1007/s11926-017-0645-9

75. Acikgoz G, Averill LW. Chronic Recurrent Multifocal Osteomyelitis: Typical
Patterns of Bone Involvement in Whole-Body Bone Scintigraphy. Nucl Med
Commun (2014) 35(8):797–807. doi: 10.1097/MNM.0000000000000126

76. Khanna G, Sato TS, Ferguson P. Imaging of Chronic Recurrent Multifocal
Osteomyelitis. Radiographics (2009) 29(4):1159–77. doi: 10.1148/
rg.294085244
Frontiers in Immunology | www.frontiersin.org 10
77. Jurriaans E, Singh NP, Finlay K, Friedman L. Imaging of Chronic Recurrent
Multifocal Osteomyelitis. Radiol Clin North Am (2001) 39(2):305–27. doi:
10.1016/S0033-8389(05)70279-7

78. Walsh MC, Kim N, Kadono Y, Rho J, Lee SY, Lorenzo J, et al.
Osteoimmunology: Interplay Between the Immune System and Bone
Metabolism. Annu Rev Immunol (2006) 24:33–63. doi: 10.1146/
annurev.immunol.24.021605.090646

79. Ferguson PJ, Laxer RM. New Discoveries in CRMO: Il-1beta, the Neutrophil,
and the Microbiome Implicated in Disease Pathogenesis in Pstpip2-deficient
Mice. Semin Immunopathol (2015) 37(4):407–12. doi: 10.1007/s00281-015-
0488-2

80. Dasari TK, Geiger R, Karki R, Banoth B, Sharma BR, Gurung P, et al. The
Nonreceptor Tyrosine Kinase SYK Drives Caspase-8/NLRP3
Inflammasome-Mediated Autoinflammatory Osteomyelitis. J Biol Chem
(2020) 295(11):3394–400. doi: 10.1074/jbc.RA119.010623

81. Jamilloux Y, Bourdonnay E, Gerfaud-Valentin M, Py BF, Lefeuvre L, Barba
T, et al. Interleukin-1, Inflammasome and Autoinflammatory Diseases. Rev
Med Interne (2018) 39(4):233–9. doi: 10.1016/j.revmed.2016.07.007

82. Kralova J, Drobek A, Prochazka J, Spoutil F, Fabisik M, Glatzova D, et al.
Dysregulated NADPH Oxidase Promotes Bone Damage in Murine Model of
Autoinflammatory Osteomyelitis. J Immunol (2020) 204(6):1607–20. doi:
10.4049/jimmunol.1900953

83. Nguyen MT, Borchers A, Selmi C, Naguwa SM, Cheema G, Gershwin ME.
The SAPHO Syndrome. Semin Arthritis Rheum (2012) 42(3):254–65. doi:
10.1016/j.semarthrit.2012.05.006

84. Muller-Richter UD, Roldan JC, Mortl M, Behr M, Reichert TE, Driemel O.
SAPHO Syndrome With Ankylosis of the Temporomandibular Joint. Int J
Oral Maxillofac Surg (2009) 38(12):1335–41. doi: 10.1016/j.ijom.2009.03.724

85. Beretta-Piccoli BC, Sauvain MJ, Gal I, Schibler A, Saurenmann T,
Kressebuch H, et al. Synovitis, Acne, Pustulosis, Hyperostosis, Osteitis
(SAPHO) Syndrome in Childhood: A Report of Ten Cases and Review of
the Literature. Eur J Pediatr (2000) 159(8):594–601. doi: 10.1007/
s004310000500

86. Catalano-Pons C, Comte A, Wipff J, Quartier P, Faye A, Gendrel D, et al.
Clinical Outcome in Children With Chronic Recurrent Multifocal
Osteomyelitis. Rheumatol (Oxford) (2008) 47(9):1397–9. doi: 10.1093/
rheumatology/ken249

87. Colina M, Govoni M, Orzincolo C, Trotta F. Clinical and Radiologic
Evolution of Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis
Syndrome: A Single Center Study of a Cohort of 71 Subjects. Arthritis
Rheum (2009) 61(6):813–21. doi: 10.1002/art.24540

88. Rohekar G, Inman RD. Conundrums in Nosology: Synovitis, Acne,
Pustulosis, Hyperostosis, and Osteitis Syndrome and Spondylarthritis.
Arthritis Rheum (2006) 55(4):665–9. doi: 10.1002/art.22087

89. Queiro R, Moreno P, Sarasqueta C, Alperi M, Riestra JL, Ballina J. Synovitis-
Acne-Pustulosis-Hyperostosis-Osteitis Syndrome and Psoriatic Arthritis
Exhibit a Different Immunogenetic Profile. Clin Exp Rheumatol (2008) 26
(1):125–8.

90. Golla A, Jansson A, Ramser J, Hellebrand H, Zahn R, Meitinger T, et al.
Chronic Recurrent Multifocal Osteomyelitis (CRMO): Evidence for a
Susceptibility Gene Located on Chromosome 18q21.3-18q22. Eur J Hum
Genet (2002) 10(3):217–21. doi: 10.1038/sj.ejhg.5200789

91. Liao HJ, Chyuan IT, Wu CS, Lin SW, Chen KH, Tsai HF, et al. Increased
Neutrophil Infiltration, IL-1 Production and a SAPHO Syndrome-Like
Phenotype in PSTPIP2-deficient Mice. Rheumatol (Oxford) (2015) 54
(7):1317–26. doi: 10.1093/rheumatology/keu481

92. Guo C, Li C, Han F, Gao J, Ma X. Association Analysis of interleukin-23
Receptor SNPs and SAPHO Syndrome in Chinese People. Int J Rheum Dis
(2019) 22(12):2178–84. doi: 10.1111/1756-185X.13741

93. Veillette A, Rhee I, Souza CM, Davidson D. PEST Family Phosphatases in
Immunity, Autoimmunity, and Autoinflammatory Disorders. Immunol Rev
(2009) 228(1):312–24. doi: 10.1111/j.1600-065X.2008.00747.x

94. Cloutier JF, Veillette A. Association of Inhibitory Tyrosine Protein Kinase
p50csk With Protein Tyrosine Phosphatase PEP in T Cells and Other
Hemopoietic Cells. EMBO J (1996) 15(18):4909–18. doi: 10.1002/j.1460-
2075.1996.tb00871.x

95. Davidson D, Cloutier JF, Gregorieff A, Veillette A. Inhibitory Tyrosine
Protein Kinase p50csk Is Associated With Protein-Tyrosine Phosphatase
June 2021 | Volume 12 | Article 585412

https://doi.org/10.1016/0092-8674(82)90376-2
https://doi.org/10.1158/0008-5472.CAN-04-1449
https://doi.org/10.1016/S0092-8674(85)80047-7
https://doi.org/10.1074/mcp.R300009-MCP200
https://doi.org/10.1083/jcb.200210174
https://doi.org/10.1083/jcb.200208059
https://doi.org/10.3109/15419069809004479
https://doi.org/10.3109/15419069809004479
https://doi.org/10.1016/S0960-9822(99)80416-3
https://doi.org/10.1371/journal.pone.0164829
https://doi.org/10.1016/j.ymthe.2020.04.003
https://doi.org/10.1111/j.1749-6632.2011.06283.x
https://doi.org/10.1091/mbc.e04-06-0522
https://doi.org/10.1038/nature04396
https://doi.org/10.1016/j.cell.2014.02.017
https://doi.org/10.1016/j.tibs.2012.09.001
https://doi.org/10.1091/mbc.e04-12-1117
https://doi.org/10.1091/mbc.e04-12-1117
https://doi.org/10.1128/MCB.00790-12
https://doi.org/10.1007/s11914-017-0405-9
https://doi.org/10.1002/art.39013
https://doi.org/10.1007/s11926-017-0645-9
https://doi.org/10.1097/MNM.0000000000000126
https://doi.org/10.1148/rg.294085244
https://doi.org/10.1148/rg.294085244
https://doi.org/10.1016/S0033-8389(05)70279-7
https://doi.org/10.1146/annurev.immunol.24.021605.090646
https://doi.org/10.1146/annurev.immunol.24.021605.090646
https://doi.org/10.1007/s00281-015-0488-2
https://doi.org/10.1007/s00281-015-0488-2
https://doi.org/10.1074/jbc.RA119.010623
https://doi.org/10.1016/j.revmed.2016.07.007
https://doi.org/10.4049/jimmunol.1900953
https://doi.org/10.1016/j.semarthrit.2012.05.006
https://doi.org/10.1016/j.ijom.2009.03.724
https://doi.org/10.1007/s004310000500
https://doi.org/10.1007/s004310000500
https://doi.org/10.1093/rheumatology/ken249
https://doi.org/10.1093/rheumatology/ken249
https://doi.org/10.1002/art.24540
https://doi.org/10.1002/art.22087
https://doi.org/10.1038/sj.ejhg.5200789
https://doi.org/10.1093/rheumatology/keu481
https://doi.org/10.1111/1756-185X.13741
https://doi.org/10.1111/j.1600-065X.2008.00747.x
https://doi.org/10.1002/j.1460-2075.1996.tb00871.x
https://doi.org/10.1002/j.1460-2075.1996.tb00871.x
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xu et al. PSTPIP2 in Autoinflammatory Diseases
PTP-PEST in Hemopoietic and non-Hemopoietic Cells. J Biol Chem (1997)
272(37):23455–62. doi: 10.1074/jbc.272.37.23455

96. Wang B, Lemay S, Tsai S, Veillette A. SH2 Domain-Mediated Interaction of
Inhibitory Protein Tyrosine Kinase CskWith Protein Tyrosine Phosphatase-
HSCF. Mol Cell Biol (2001) 21(4):1077–88. doi: 10.1128/MCB.21.4.1077-
1088.2001

97. Liu L, Wen Q, Gong R, Gilles L, Stankiewicz MJ, Li W, et al. PSTPIP2
Dysregulation Contributes to Aberrant Terminal Differentiation in GATA-
1-deficient Megakaryocytes by Activating LYN. Cell Death Dis (2014) 5:e988.
doi: 10.1038/cddis.2013.512

98. Drobek A, Kralova J, Skopcova T, Kucova M, Novak P, Angelisova P, et al.
PSTPIP2, a Protein Associated With Autoinflammatory Disease, Interacts
With Inhibitory Enzymes SHIP1 and Csk. J Immunol (2015) 195(7):3416–
26. doi: 10.4049/jimmunol.1401494

99. Leslie NR, Dixon MJ, Schenning M, Gray A, Batty IH. Distinct Inactivation
of PI3K Signalling by PTEN and 5-Phosphatases. Adv Biol Regul (2012) 52
(1):205–13. doi: 10.1016/j.advenzreg.2011.09.010

100. Okkenhaug K. Signaling by the Phosphoinositide 3-Kinase Family in
Immune Cells. Annu Rev Immunol (2013) 31:675–704. doi: 10.1146/
annurev-immunol-032712-095946

101. Conde C, Gloire G, Piette J. Enzymatic and non-Enzymatic Activities of
SHIP-1 in Signal Transduction and Cancer. Biochem Pharmacol (2011) 82
(10):1320–34. doi: 10.1016/j.bcp.2011.05.031

102. Roberts-Galbraith RH, Gould KL. Setting the F-BAR: Functions and
Regulation of the F-BAR Protein Family. Cell Cycle (2010) 9(20):4091–7.
doi: 10.4161/cc.9.20.13587

103. Spencer S, Dowbenko D, Cheng J, Li W, Brush J, Utzig S, et al. PSTPIP: A
Tyrosine Phosphorylated Cleavage Furrow-Associated Protein That Is a
Substrate for a PEST Tyrosine Phosphatase. J Cell Biol (1997) 138(4):845–60.
doi: 10.1083/jcb.138.4.845

104. Yu W, Chen J, Xiong Y, Pixley FJ, Yeung YG, Stanley ER. Macrophage
Proliferation is Regulated Through CSF-1 Receptor Tyrosines 544, 559, and
807. J Biol Chem (2012) 287(17):13694–704. doi: 10.1074/jbc.M112.355610

105. Vandenhaute J, Wouters CH, Matthys P. Natural Killer Cells in Systemic
Autoinflammatory Diseases: A Focus on Systemic Juvenile Idiopathic
Arthritis and Macrophage Activation Syndrome. Front Immunol (2019)
10:3089. doi: 10.3389/fimmu.2019.03089

106. Standing AS, Malinova D, Hong Y, Record J, Moulding D, Blundell MP, et al.
Auto inflammatory Per iod i c Fever , Immunodefic i ency , and
Thrombocytopenia (PFIT) Caused by Mutation in Actin-Regulatory Gene
WDR1. J Exp Med (2017) 214(1):59–71. doi: 10.1084/jem.20161228
Frontiers in Immunology | www.frontiersin.org 11
107. Gernez Y, de Jesus AA, Alsaleem H, Macaubas C, Roy A, Lovell D, et al.
Severe Autoinflammation in 4 Patients With C-terminal Variants in Cell
Division Control Protein 42 Homolog (CDC42) Successfully Treated With
IL-1beta Inhibition. J Allergy Clin Immunol (2019) 144(4):1122–1125 e6. doi:
10.1016/j.jaci.2019.06.017

108. Saternus R, Schwingel J, Muller CSL, Vogt T, Reichrath J. Ancient Friends,
Revisited: Systematic Review and Case Report of Pyoderma Gangrenosum-
Associated Autoinflammatory Syndromes. J Transl Autoimmun (2020)
3:100071. doi: 10.1016/j.jtauto.2020.100071

109. DeFilippis EM, Feldman SR, Huang WW. The Genetics of Pyoderma
Gangrenosum and Implications for Treatment: A Systematic Review. Br J
Dermatol (2015) 172(6):1487–97. doi: 10.1111/bjd.13493

110. Van Nieuwenhove E, De Langhe E, Dooley J, Van Den Oord J, Shahrooei M,
Parvaneh N, et al. Phenotypic Analysis of Pyrin-Associated Autoinflammation
With Neutrophilic Dermatosis Patients During Treatment. Rheumatol
(Oxford) (2021) keab221. doi: 10.1093/rheumatology/keab221

111. Nesterovitch AB, Hoffman MD, Simon M, Petukhov PA, Tharp MD, Glant
TT. Mutations in the PSTPIP1 Gene and Aberrant Splicing Variants in
Patients With Pyoderma Gangrenosum. Clin Exp Dermatol (2011) 36
(8):889–95. doi: 10.1111/j.1365-2230.2011.04137.x

112. Marzano AV, Ortega-Loayza AG, Heath M, Morse D, Genovese G, Cugno
M. Mechanisms of Inflammation in Neutrophil-Mediated Skin Diseases.
Front Immunol (2019) 10:1059. doi: 10.3389/fimmu.2019.01059

113. Caso F, Costa L, Nucera V, Barilaro G, Masala IF, Talotta R, et al. From
Autoinflammation to Autoimmunity: Old and Recent Findings. Clin
Rheumatol (2018) 37(9):2305–21. doi: 10.1007/s10067-018-4209-9

114. Yao Y, Cai X, Yu H, Xu Q, Li X, Yang Y, et al. PSTPIP2 Attenuates Joint
Damage and Suppresses Inflammation in Adjuvant-Induced Arthritis. Eur J
Pharmacol (2019) 859:172558. doi: 10.1016/j.ejphar.2019.172558

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Xu, Li, Du, Li, Meng, Huang and Li. This is an open-access article
distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
June 2021 | Volume 12 | Article 585412

https://doi.org/10.1074/jbc.272.37.23455
https://doi.org/10.1128/MCB.21.4.1077-1088.2001
https://doi.org/10.1128/MCB.21.4.1077-1088.2001
https://doi.org/10.1038/cddis.2013.512
https://doi.org/10.4049/jimmunol.1401494
https://doi.org/10.1016/j.advenzreg.2011.09.010
https://doi.org/10.1146/annurev-immunol-032712-095946
https://doi.org/10.1146/annurev-immunol-032712-095946
https://doi.org/10.1016/j.bcp.2011.05.031
https://doi.org/10.4161/cc.9.20.13587
https://doi.org/10.1083/jcb.138.4.845
https://doi.org/10.1074/jbc.M112.355610
https://doi.org/10.3389/fimmu.2019.03089
https://doi.org/10.1084/jem.20161228
https://doi.org/10.1016/j.jaci.2019.06.017
https://doi.org/10.1016/j.jtauto.2020.100071
https://doi.org/10.1111/bjd.13493
https://doi.org/10.1093/rheumatology/keab221
https://doi.org/10.1111/j.1365-2230.2011.04137.x
https://doi.org/10.3389/fimmu.2019.01059
https://doi.org/10.1007/s10067-018-4209-9
https://doi.org/10.1016/j.ejphar.2019.172558
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Role of the F-BAR Family Member PSTPIP2 in Autoinflammatory Diseases
	Introduction
	Structure and Biological Function of PSTPIP2
	The Function of PSTPIP2 in Various Cells
	The Function of PSTPIP2 in Macrophages
	The Function of PSTPIP2 in Osteoclasts

	Roles of PSTPIP2 in Inflammatory Diseases
	Chronic Recurrent Multifocal Osteomyelitis
	Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis

	Potential Involvement of PSTPIP2 in Inflammatory Diseases
	Conclusions
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


