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PAPA syndrome (pyogenic sterile arthritis, pyoderma gangrenosum, and acne) is an
autosomal dominant, autoinflammatory disorder characterized by destructive inflammation
of the skin and joints. Single amino acid substitutions in the gene encoding the Pombe
Cdc15 homology (PCH) family member PSTPIP1 result in PAPA syndrome (1). PSTPIP1 is
an adaptor protein expressed primarily in hematopoietic cells and is involved in cytoskeletal
organization in part through its interactions with the phosphatase PTP-PEST, and Wiskott-
Aldrich syndrome protein (WASp) (2,3). Interestingly, PAPA syndrome causing mutations
in PSTPIP1 disrupt binding to PTP-PEST (1) with unknown consequences on cytoskeletal
organization and leukocyte motility.

Highly motile leukocytes such as macrophages and dendritic cells form dynamic actin-
containing adhesive and invasive structures known as podosomes, which facilitate migration
and invasion (4). To determine if macrophages from PAPA patients display altered invasive
motility and cytoskeletal organization, peripheral blood mononuclear cells were isolated
from healthy volunteers and four patients with PAPA syndrome. Two of the PAPA patients
were siblings and had PSTPIP1 A230T mutations. The other two PAPA patients were
unrelated and had the PSTPIP1 A230T or the E250Q mutation, respectively. All mutations
were confirmed by DNA sequence analysis (data not shown). Monocytes were differentiated
into macrophages with 20 ng/ml human MCSF and used for experiments on day 7 using
previously described methods (5). Macrophages were cultured as recommended by the
American Type Culture Collection (ATCC). First we examined the directed migration of
control and patient macrophages to the chemokine, MCSF. Macrophages isolated from two
different patients with PAPA syndrome displayed significantly impaired chemotaxis to
MCSF as compared to control macrophages (Figure 1A). In contrast to macrophage
migration, T cell migration to SDF-1 was not altered in T cells isolated from PAPA patients
(Figure 1B). These findings suggest that, although PSTPIP1 is expressed in both T cells and
macrophages, patients with PAPA syndrome exhibit a specific defect in macrophage
directed migration. To further characterize the function of macrophages from patients with
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PAPA syndrome, we examined the ability of PAPA patient macrophages to undergo
invasive migration into gels and to degrade the extracellular matrix. We found that PAPA
patient macrophages displayed significantly impaired invasion across matrigel invasion
chambers (Figure 1C) as well as a decreased capacity of PAPA patient macrophages to
degrade fluorescent conjugated gelatin-coated coverslips (Figure 1D). To determine if
cytoskeletal regulation was altered in PAPA patient macrophages, we examined the
organization of the actin cytoskeleton and podosome formation in macrophages isolated
from PAPA patients. Control and PAPA patient macrophages were cultured on gelatin-
coated coverslips and we examined podosome formation by staining for vinculin and actin
(Figure 1E). Control macrophages showed robust polarized podosome formation with
vinculin ring-like structures surrounding an actin core (Figure 1E). In contrast, PAPA
patient macrophages showed a significant defect in podosome formation with many cells
forming no podosomes and the cells that formed podosomes generally contained fewer than
control (Figure 1E). This trend was observed in the three different PAPA patients tested
(Figure 1E). In addition, PAPA patient macrophages that did form podosomes often showed
abnormal architecture with increased numbers and size of vinculin-containing focal
complexes (Figure 1E and data not shown). These findings indicate that PAPA patients
display a specific defect in macrophage migration and invasion that may result from a
switch from the formation of dynamic podosome adhesions, to more firm focal complexes.

Defects in mononuclear cell podosome formation and migration have been reported in
patients with WASp mutations and the primary immunodeficiency disorder Wiskott Aldrich
Syndrome (WAS) (6-8). The similarities in macrophage morphology from patients with both
PAPA syndrome and WAS, suggest that PSTPIP1 may regulate macrophage podosome
formation through its interaction with WASp. Future studies will be needed to determine
how PSTPIP1 regulates podosome formation and to examine if PAPA-associated mutations
alter signaling through WASp. This is the first report to suggest that patients with a chronic
inflammatory disease can also exhibit impaired macrophage migration and podosome
formation. It is interesting, that unlike patients with WAS, PAPA patients show no evidence
of immunodeficiency but instead exhibit chronic tissue inflammation and destruction. It is
intriguing to speculate that abnormal macrophage trafficking and retention of macrophages
within tissues because of impaired migration may contribute to the development of chronic
inflammation through neutrophil recruitment, a hallmark of PAPA syndrome. Taken
together, these findings suggest that defects in macrophage migration and podosome
formation can contribute to the pathogenesis of both primary immunodeficiency disorders
and chronic inflammatory disease.
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Figure 1. PAPA patient macrophages exhibit decreased invasive migration and podosome
formation
(A) Primary control and PAPA macrophages (1 × 105) or (B) T-cells (2 × 105) were plated
on coated (10 μg/ml fibronectin or 10 μg/ml fibrinogen, respectively) transwell membranes
in culture media and assayed for their ability to migrate for (A) 24 hr or (B) 3 hr through the
membrane to culture media containing 20 ng/ml MCSF or SDF, respectively. Macrophage
migration was quantified by counting the number of adherent macrophages on the bottom of
the transwell membrane from six separate fields at 40x magnification. A representative field
at 10x magnification is shown below. T-cell migration was quantified by flow cytometry
and is shown as the percentage of cell input that migrated. Data are mean ± SEM of two
independent experiments. *, p < 0.001 compared with control cells by two-tailed, paired,
Student’s t test. (C) Primary control and PAPA macrophages (1 × 105) were plated in culture
media on Matrigel-coated membranes and assayed for their ability to invade for 48 hr
through the membrane to 20 ng/ml MCSF. Macrophage invasion was quantified by counting
the number of adherent macrophages on the bottom of the membrane from six separate
fields at 40x magnification. A representative field at 10x magnification is shown below.
Data are mean ± SEM of three independent experiments. *, p < 0.001 compared with control
cells by two-tailed, paired, Student’s t test. (D) Primary control and PAPA macrophages
were cultured for 22 hr on Oregon-Green 488 gelatin coated coverslips as previously
described (9). Cells were fixed and permeabilized in 4% paraformaldehyde, 0.25 mg/ml
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saponin for 10 min, quenched with 0.15 M glycine for 10 min and blocked with 10% heat-
inactivated FBS containing 0.25 mg/ml saponin. Cells were stained with rhodamine
phalloidin as previously described (9). Areas of degradation appear black on the gelatin.
Quantification of degradation is shown as a percentage of total cell area from 71 control and
65 PAPA macrophages. Data are mean ± SEM of two independent experiments. *, p <
0.0001 compared with control cells by two-tailed, paired, Student’s t test. Bar 10 μm. (E)
Primary control or PAPA macrophages were cultured on 10 μg/ml fibronectin coated
coverslips, fixed and permeabilized as in (D) and stained with anti-vinculin (green),
rhodamine phalloidin (red) and DAPI (blue) as previously described (9). The white-boxed
region of each overlay was magnified 3x and is shown to the right. Bars 10 μm. Images were
acquired at 100x and processed as previously described (9). The percentage of control or
PAPA macrophages that contained less than or greater than 25 podosomes was quantified
for three different PAPA patients (graphs show individual and averaged data). Podosomes
were quantified from at least 50 control or PAPA cells in each experiment. Data are mean ±
SEM of five independent experiments. *, p < 0.007 compared with control cells by two-
tailed, paired, Student’s t test.
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