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Table 1 Characteristics of patients with IgG4-related disease

Clinical parameters

  IgG4-RD responder index, median (range) 12 (6–21)

  Serum IgG (mg/dl), median (range) 1729 (934–3593)

  Serum IgG4 (mg/dL), median (range) 387.5 (65–2178)

  Soluble IL-2 receptor (U/mL), median (range) 448 (202–1963)

Atopic features

  Past atopic history, n (%) 17 (61%)

  Serum IgE (IU/mL), median (range) 310 (38–3300)

  Blood eosinophil count (cells/µL), median (range) 231 (62–1568)

Organs involved

  Number of affected organs, median (range) 3 (1–6)

   Lacrimal gland and orbit, n (%) 22 (79%)

   Salivary gland, n (%) 19 (68%)

   Lymph node, n (%) 16 (57%)

   Lung, n (%) 7 (25%)

   Pancreas, n (%) 7 (25%)

   Kidney, n (%) 5 (18%)

   Retroperitoneum, n (%) 3 (11%)

   Aorta, n (%) 2 (7%)

   Skin, n (%) 2 (7%)

   Breast, n (%) 1 (4%)

   Paravertebral mass, n (%) 1 (4%)

IgG4-RD, IgG4-related disease; IL-2, interleukin-2.

Figure 1 Serum CC-chemokine ligand 18 (CCL18) levels were 
elevated and correlated with disease activity in IgG4-RD. Serum CCL18 
levels (A); correlation between serum CCL18 levels and disease activity 
(B) and allergic condition (C); correlation between serum CCL18 levels 
and atopic history (D); and longitudinal analysis of serum CCL18 levels 
after glucocorticoid treatment (E). Group-wise comparisons were 
performed using the Mann-Whitney U test. The correlation between 
serum CCL18 level and clinical parameters including IgG4-RD responder 
index; number of affected organs; levels of IgG4, sIL-2R, and IgE; and 
eosinophil count was analysed using Spearman’s correlation coefficient. 
Differences before and after glucocorticoid treatment were determined 
using the Wilcoxon rank sum test for paired samples. A two-sided p 
value <0.05 was considered significant. All statistical analyses were 
performed using GraphPad Prism V.6.0 (GraphPad, La Jolla, California, 
USA). GC, glucocorticoid; HC, healthy controls; IgG4-RD, IgG4-related 
disease; sIL-2R, soluble IL-2 receptor.

CC-chemokine ligand 18 is a useful biomarker 
associated with disease activity in IgG4-
related disease

IgG4-related disease (IgG4-RD) is a systemic disorder char-
acterised by elevated serum IgG4 levels, tissue infiltration by 
IgG4+ plasma cells and severe fibrosis.1 2 However, biomarkers 
for IgG4-RD disease activity are lacking.3 A recent report demon-
strated that CC-chemokine ligand 18 (CCL18) was a substan-
tial biomarker for fibrotic diseases.4 Here, we investigated the 
correlation between serum CCL18 levels and clinical features of 
patients with IgG4-RD.

Written informed consent was obtained from all patients and 
healthy controls. Twenty-eight consecutive patients with active, 
untreated IgG4-RD diagnosed based on the 2011 comprehen-
sive diagnostic criteria5 and 16 healthy controls were enrolled. 
Diagnosis of IgG4-RD was biopsy proven in 26 patients (93%). 
Disease activity was assessed using the IgG4-RD responder 
index (IgG4-RD RI).6 Healthy controls had no autoimmune 
diseases, atopic diseases or active infections at enrolment. 
Serum CCL18 levels were measured using a human CCL18/
PARC Quantikine ELISA Kit (R&D Systems, Minneapolis, 
Minnesota, USA).

Characteristics of patients are shown in table 1. The mean age 
of patients with IgG4-RD and healthy controls was 59.7 and 
47.3 years, and the proportion of females were 50% (14/28) and 
69% (11/16), respectively.

Serum CCL18 levels in patients with IgG4-RD (median 
44.5 ng/mL, range 3.6–120.9 ng/mL) were significantly higher 
than those in healthy controls (median 13.0 ng/mL, range 
0.1–63.8 ng/mL; p=0.01) (figure 1A). The number of IgG4-RD 
patients with above normal levels of serum CCL18 (mean+1.96 
SD of the healthy controls: 27.79 ng/mL) was 17 (61%), which 
was significantly higher than that of healthy controls (n=3, 
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19%; p=0.01). Of note, serum CCL18 levels were posi-
tively correlated with IgG4-RD RI score (ρ=0.54, p<0.005), 
number of affected organs (ρ=0.56, p<0.005), serum IgG4 
level (ρ=0.50, p<0.01) and soluble Interleukin (IL)-2 receptor 
level (ρ=0.56, p<0.005), but not serum IgE level (ρ=−0.05, 
p=0.79) or blood eosinophil count (ρ=0.18, p=0.38), 
suggesting that serum CCL18 level is associated with IgG4-RD 
disease status rather than allergic condition (figure 1B, C). In 
line with this observation, serum CCL18 levels were similar 
between IgG4-RD patients with and without an atopic history 
(mean 47.8 vs 40.0 ng/mL, p=0.51; figure 1D). There was 
no statistically significant correlation between specific organ 
involvement and higher serum CCL18 levels. Serum CCL18 
levels significantly decreased after glucocorticoid treatment 
(44.7 ng/mL vs 12.7 ng/mL, p<0.01; figure 1E) with declining 
disease activity (IgG4-RD RI: 12 vs 2, p<0.01).

Recent reports suggest that M2 macrophages are involved in 
the process of fibrosis.7 CCL18 is primarily secreted from acti-
vated M2 macrophages induced by T helper type 2-associated 
cytokines such as IL-4 and IL-13,8 and plays a role in the stim-
ulation of collagen production by fibroblasts.9 Importantly, 
DNA microarray analysis showed that CCL18 was upregulated 
in IgG4-RD-affected tissues.10 Moreover, CCL18 expression 
was colocalised with massive infiltration of M2 macrophages 
and positively correlated with the fibrosis scores at affected 
IgG4-RD sites.7 Thus, CCL18 secreted by M2 macrophages 
plays a significant role in the fibrotic process in IgG4-RD.7

Our study has several limitations. For example, serum CCL18 
levels after glucocorticoid treatment may be a direct result 
of the medication rather than being a secondary marker of 
disease activity like other biomarkers. To eliminate the possible 
confounding effects of glucocorticoids on the decline in CCL18 
levels, further longitudinal studies in patients with relapsing or 
glucocorticoid-resistant IgG4-RD are required. Such studies can 
clarify whether a preceding elevation in serum CCL18 level is a 
predictive indicator for subsequent relapse of IgG4-RD activity 
in guiding treatment decisions.

In conclusion, our results indicate that CCL18 is a useful 
biomarker for evaluating not only the disease activity of IgG4-
RD, but also patient response to therapy. Our data suggest that 
CCL18 may be a novel therapeutic target for IgG4-RD.
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