
CCL18 Activates Fibroblast-like Synoviocytes in Patients
with Rheumatoid Arthritis
To the Editor:

Fibroblast-like synoviocytes (FLS) proliferate in the synovial tissue of
patients with rheumatoid arthritis (RA), and contribute to chronic inflam-
mation and the destruction of articular cartilage due to the production of a
variety of cytokines, chemokines, and matrix metalloproteinases (MMP)1.
The expression of CC chemokine ligand 18 (CCL18) was shown to be
increased in the RA synovium2,3; however, the pathogenic role of CCL18
remains unclear. In this study, we investigated the expression of a recently
identified receptor for CCL18, phosphatidylinositol transfer mem-
brane-associated phosphatidylinositol transfer protein 3 (PITPNM3)4 in
the RA synovium, and the stimulatory effects of CCL18 on FLS.

Synovial tissue samples were obtained from patients with RA (n = 4)
and osteoarthritis (OA) (n = 4) undergoing joint replacement surgery. RA
patients were a median 65 years old (range 48–85 yrs), with median disease
duration 9 years (range 2.5–30 yrs) and median C-reactive protein level
1.23 mg/dl (range 0.68–2.85). All RA patients were positive for rheumatoid
factor and anticitrullinated protein antibodies. All subjects provided
informed consent. The experimental protocol was approved in advance by
the Ethics Committee of Tokyo Medical and Dental University.

CCL18-positive cells were observed in the synovial lining, sublining,
and perivascular regions of the RA synovium (Figure 1A). CCL18
expression was minimal in the OA synovium (Figure 1C). Western blotting
analysis showed that CCL18 expression was significantly higher in the RA
synovium than in the OA synovium (Figure 1E, 1F). Double-immuno-
fluorescence staining revealed that most CD68-positive macrophages
expressed CCL18 (Figures 1G–1I), and von Willebrand factor
(vWF)-positive vascular endothelial cells were also positive for CCL18
(Figures 1J–1L). These results indicated that CCL18 expression was
increased in the RA synovium and macrophages were the source, which is
consistent with previous studies2,3. We also found that endothelial cells
expressed CCL18 in RA synovial tissue.

We then showed the expression of PITPNM3, a receptor for CCL18, in
the synovial lining, sublining, and follicle-like aggregates of RA synovial
tissue (Figure 1M). PITPNM3 expression was minimal in the OA
synovium (Figure 1O). Increased PITPNM3 expression in the RA
synovium was confirmed by Western blotting (Figure 1Q, 1R).
Double-staining showed that CD68-positive macrophages and FLS
(vimentin-positive fibroblast-like appearance cells) expressed PITPNM3
(Figures 1S–1X), while vWF-positive endothelial cells did not (data not
shown).

The expression of PITPNM3 in in vitro cultured FLS established from
RA and OA synovial tissues5 was also analyzed by Western blotting.
PITPNM3 expression in RA FLS was significantly higher than that in OA
FLS (Figure 2A, 2B). To analyze the pathogenic role of CCL18 in RA, we
examined the stimulatory effect of CCL18 on RA FLS. FLS established
from RA synovial tissue were incubated with CCL18. The production of
interleukin 6 (IL-6), CCL2, and MMP-3 was significantly enhanced by
stimulation with CCL18 in a dose-dependent manner (Figures 2C–2E). We
also analyzed the effect of CCL18 on the proliferation of FLS. Cellular
proliferation was not induced by incubation with CCL18 (Figure 2F).
Incubation with CCL18 did not alter the motility of FLS as analyzed by the
scrape motility assay (data not shown).

CCL18 expression was found to be increased in synovial tissue2,3,
synovial fluid2,6, and serum in RA, and serum CCL18 levels correlated
with disease severity7. However, the pathogenic role of CCL18 in RA has
not been established, and the receptor for CCL18 has not been identified.
In 2011, Chen, et al identified PITPNM3 as a functional receptor for
CCL184.

In our study, we confirmed that CCL18 was expressed by RA synovial
macrophages and also found that endothelial cells expressed CCL18.
PITPNM3, a receptor for CCL18, was also highly expressed in the RA
synovium by macrophages and FLS. CCL18 enhanced IL-6, CCL2, and

MMP-3 production in RA FLS in vitro. IL-6 has a wide range of functions
on lymphocytes, hepatocytes, hematopoietic progenitor cells, and fibro-
blasts, and also plays important roles in autoimmune diseases. Blockade of
IL-6 signaling by anti-IL-6 receptor monoclonal antibody is effective in
RA. CCL2 may cause monocyte migration into the synovium8. MMP-3 is
thought to contribute to pannus invasion and cartilage degradation9.
Collectively, CCL18 released from synovial macrophages and endothelial
cells in the RA synovium may activate FLS and is partly involved in the
pathogenesis of RA. CCL18 could induce the migration of T cells, B cells,
monocytes/macrophages, and dendritic cells10. Therefore, CCL18 may
also influence inflammatory cell accumulation into the RA synovium.

CCL18 has been shown to induce the phosphorylation of proline-rich
tyrosine kinase 2, focal adhesion kinase, and Src family kinase via
PITPNM3 in cancer cells4. Further studies are needed to clarify the
important signaling pathways by which CCL18 stimulation of FLS
produces inflammatory mediators.

The interaction of CCL18 and PITPNM3 could play a role in the patho-
genesis of RA by activating FLS in the synovium.
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Figure 1. Expression of CCL18 and PITPNM3 in the RA synovium. Synovial tissues were obtained from 4 RA (A, B) and 4 OA patients (C, D), and CCL18
expression was examined by immunohistochemistry. Samples were stained with anti-CCL18 antibody (LifeSpan BioSciences; A, C) or isotype-matched
control antibody (B, D). Original magnification ×100. CCL18 expression in RA and OA synovial tissues was also analyzed by Western blotting with
anti-CCL18 antibody and anti-β-actin monoclonal antibody (Cell Signaling Technology; E). Protein expression of CCL18 relative to β-actin in RA and OA
is shown (F). Values are mean ± SEM. ***p < 0.001, Student t test. Sections of RA synovial tissues were double-stained with anti-CD68 (KP1;
DakoCytomation) or -vWF (F8/86; DakoCytomation) monoclonal antibody and anti-CCL18 antibody, and were analyzed by fluorescence microscopy as
follows: CD68 (G), CCL18 (H), merged image (I) of (G) and (H), vWF (J), CCL18 (K), merged image (L) of (J) and (K). Arrows indicate double-positive
cells. Original magnification ×400 in G to I, ×200 in J to L. Expression of PITPNM3 in RA (M and N) and OA (O and P) synovial tissues was examined by
immunohistochemistry. Samples were stained with anti-PITPNM3 antibody (GeneTex; M and O) or isotype-matched control antibody (N and P). Original
magnification ×100. PITPNM3 expression in RA and OA synovial tissues was determined by Western blotting (Q). Relative expression of PITPNM3 to
β-actin in RA and OA is shown (R). Values are mean ± SEM. *p < 0.05, Student t test. RA synovial tissues were double-stained with anti-CD68 or vimentin
(V9; DakoCytomation) monoclonal antibody, and anti-PITPNM3 antibody. CD68 (S), PITPNM3 (T), merged image (U) of (S) and (T), vimentin (V),
PITPNM3 (W), merged image (X) of (V) and (W). Arrows indicate double-positive cells. Original magnification ×400.
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Figure 2. Expression of PITPNM3 in cultured FLS and the stimulatory effect of CCL18. Expression of PITPNM3 in in
vitro cultured FLS from RA and OA synovial tissues was determined by Western blotting (A). Relative expression of
PITPNM3 to β-actin in RA FLS and OA FLS is shown (B). Values are mean ± SEM. *p < 0.05, Student t test. FLS (2 ×
103 cells/well) from RA synovial tissue were cultured overnight in a 96-well plate in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum. Then medium was replaced with serum-free DMEM followed by
addition of the indicated concentration of CCL18 (R&D Systems). After 72 hours, IL-6, CCL2, and MMP-3 concentra-
tions in culture supernatant were measured by ELISA (R&D systems) (C: IL-6; D: CCL2; E: MMP-3), and cell proli-
feration was examined using a cell counting kit (Cell Counting Kit-8; Dojindo; F). Data are presented as means ± SEM
of 1 of 3 independent experiments analyzed in triplicate. *p < 0.05; **p < 0.01; ***p < 0.005 (one-way ANOVA with
Dunnett’s multiple comparison test).
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