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Abstract 

Background: Soluble mannose receptor, sCD206, is a marker of alternatively 

activated macrophages. Activated macrophages play important roles in connective 

tissue disease (CTD) and lung fibrosis. Interstitial lung disease (ILD) is a common 

complication of CTD, which leads to poor prognosis, especially in a pattern with 

usual interstitial pneumonia (UIP). Similarly, idiopathic pulmonary fibrosis (IPF) is 

also characterized by UIP. Compared with IPF, the prognosis of CTD-associated UIP 

is tightly correlated with early treatment. In the present study, we aimed to evaluate 

the clinical significance of sCD206 in discriminating CTD-associated UIP from IPF. 

Methods: The serum level of sCD206 was determined in 48 patients with 

CTD-associated UIP, 54 IPF patients and 27 healthy controls. The clinical 

significance of sCD206 was also evaluated. 

Result: Patients with CTD-associated UIP had a higher level of sCD206 compared 

with healthy controls and IPF patients (p<0.001, p<0.001, respectively). A cut-off 



value of sCD206 at 523.8 ng/mL could be a useful marker for distinguishing 

CTD-associated UIP from IPF. Moreover, 15 decedents with CTD-associated UIP 

exhibited a greater level of sCD206 compared with 33 survivors (p=0.030), and the 

elevated sCD206 level was associated with a higher mortality rate (log-rank test, 

p=0.003). Age and gender-adjusted multivariate Cox regression analysis showed that 

sCD206 (>444.2 ng/mL) was an independent predictor of survival (p= 0.026). 

Conclusions: Collectively, the serum level of sCD206 could be a useful marker for 

distinguishing CTD-associated UIP from IPF and associated with a poor survival of 

CTD-associated UIP.  

Key words: Connective tissue disease; Usual interstitial pneumonia; Idiopathic 

pulmonary fibrosis; Soluble CD206; Macrophage-mannose receptor     

1. Introduction  

Connective tissue diseases (CTDs) are a group of diseases with inflammatory, 

immune-mediated organ damage that can cause a variety of pulmonary manifestations 

[1]. About 75% of CTD patients may have various patterns of interstitial pneumonia, 

such as non-specific interstitial pneumonia (NSIP), usual interstitial pneumonia (UIP), 

organizing pneumonia (OP) and lymphocytic interstitial pneumonia (LIP) [2,3]. 

CTD-associated UIP is a serious pulmonary complication that is commonly observed 

in rheumatoid arthritis (RA), systemic sclerosis (SSC), Sjogren syndrome (SS) and 

systemic vasculitis [4]. Recently, there is no significant difference in terms of the 

clinical examination and pulmonary function between CTD-associated UIP and 

idiopathic pulmonary fibrosis (IPF) [5,6]. Moreover, it is difficult to identify 

CTD-associated UIP and IPF at the initial diagnosis due to the lack of positive serum 



immunoantibody markers [7]. It is well accepted that IPF is a rare, progressively 

debilitating interstitial lung disease characterized by UIP in high-resolution computed 

tomography (HRCT) and pathology [8]. The median survival time is 3–5 years, which 

is worse than many cancers [9]. Nevertheless, patients with CTD-associated with UIP 

would benefit from early treatment compared with IPF. Therefore, it is urgently 

necessary to identify circulating biomarkers to distinguish CTD-associated UIP from 

IPF. 

   It is well known that M2-polarized macrophages are characterized by inhibited 

secretion of inflammatory cytokines, decreased bactericidal ability and enhanced 

ability of tissue repair [10,11]. As a mannose receptor, CD206 is primarily expressed 

on the surface of M2-polarized macrophages, which is involved in immune 

recognition and adaptive immune response. Therefore, CD206 is used as a marker for 

activation of M2 macrophages, and soluble forms of CD206 (sCD206) are also found 

in the serum [12]. It is previously believed that immune disorders play a key role in 

the pathogenesis of fibrotic disease, especially in macrophage activation [13,14]. In 

fact, the main infiltration of M2 macrophages in the pulmonary fibrotic region is an 

important regulator of fibrogenesis [14,15]. Moreover, recent studies have shown that 

M2 macrophages are implicated in the development and progression of lung fibrosis 

[16,17]. 

Recently, some studies have shown that macrophage activation plays a crucial role 

in the occurrence of autoimmune diseases [18,19]. The elevated sCD206 level has 

been observed in RA, while it is decreased after treatment of anti-rheumatic drugs 

[20]. Moreover, macrophages can produce a large amount of inflammatory cytokines 



and chemokines, including TNF, IL-1, IL-6, IL-8 and CXCL10, which play an 

important role in the pathogenesis of RA [21]. Additionally, sCD206 has been proved 

to be useful for monitoring the progression of dermatomyositis-associated interstitial 

lung disease (ILD) [22]. CTD-associated UIP has worse prognosis. So far, the precise 

effect of sCD206 on IPF has been defined, while its role in CTD-associated UIP 

remains largely unexplored. Therefore, we aimed to investigate the characteristics of 

sCD206 in CTD-associated UIP and IPF to assess its probable role as the indicator for 

the discrimination of these two subsets of patients. 

2. Materials and Methods  

2.1. Study subjects.  

Fifty-four IPF patients and 48 CTD associated UIP patients were admitted to 

Nanjing Drum Tower Hospital between January 2015 and April 2018. Forty-eight 

patients with CTD included RA: 24 cases, SS: 22 cases, systematic vasculitis: 2 

cases. Twenty-seven healthy volunteers from the Center of Physical Examination 

were included as a control group. IPF was diagnosed according to the diagnostic 

criteria described by Raghu G [8]. The diagnosis of CTD conform to their respective 

diagnostic criteria, including the American rheumatic society's diagnostic criteria for 

RA in 1988 [23], the classification criteria for systematic vasculitis updated at the 

Chapel Hill conference in 2012 [24], the international classification criteria for SS in 

2002 [25]. CTD patients with a pattern of UIP on HRCT were diagnosed according 

to the guidelines for the American thoracic society and the European respiratory 



society [8]. Briefly, the criteria for a diagnosis of UIP were as follows 1) Subpleural 

and basal distribution; 2) Reticular pattern 3)Honeycombing with or without 

peripheral traction; Moreover, patients with characteristics inconsistent with UIP, 

such as upper or middle distribution, distribution along the bronchi, predominant 

ground-glass opacity, profuse micronodules, scattered cysts, consolidation, diffuse 

mosaic attenuation, were excluded. 

The informed consents to participate in this study were obtained from all subjects. 

This study was approved by the Ethics Committee at Nanjing Drum Tower Hospital 

and conducted in accordance with the principles of the Declaration of Helsinki 

(1989). 

2.2. Collection of clinical data. 

Clinical data were obtained from the patients’ medical records at admission and 

during follow-up telephone calls. Record of the results of laboratory tests and lung 

function tests were obtained at the time of diagnosis. 

2.3. Measurement of serum sCD206, sCD163 and KL-6. 

Serum samples after collection were stored at −80 °C until analysis. sCD206 and 

sCD163 levels were determined by using human sCD206 and sCD163 

enzyme-linked immunosorbent assay kit (Ray-Biotech, Norcross, GA, USA) 

according to the manufacturer’s instructions. KL-6 serum levels were assayed using 

the KL-6 Kit (Fujire-bio, Inc., Tokyo, Japan) on an automated immunoassay 



analyzer LUMIPULSE G1200 (Fujire-bio, Inc., Tokyo, Japan). Written informed 

consents about serum conservation were obtained from all the subjects. 

2.4. Statistical analyses  

Continuous variables were expressed as the median [25th to 75th percentiles of the 

interquartile range (IQR)]. Discrete variables were expressed as counts (percent). 

Mann-Whitney U test was used for variables among CTD associated UIP, IPF and 

Controls. The correlations between serum levels of CD206 and clinical variables 

were analyzed by Spearman’s rank correlation technique. Receiver operating 

characteristic (ROC) curves were drawn, and areas under ROC curves (AUCs) were 

calculated to determine the value of sCD206 to discriminate between CTD 

associated UIP and IPF. Survival time was calculated as the time from initial 

diagnosis until death or the censoring time. To predict mortality of CTD associated 

UIP patients, univariate analyses were performed with Cox regression analysis. 

Gender and age as covariates were used for multivariate analysis. Subsequently, the 

log-rank test was used to compare survival in CTD associated UIP and IPF patients. 

ROC curves were used to assess the performance of sCD206 as a marker of death in 

CTD associated UIP. The statistical analyses were performed by using SPSS version 

19 (SPSS, Inc., Chicago IL, USA) and Prism version 6 (GraphPad, San Diego, CA, 

USA). P values lower than 0.05 were considered significant.  

3. Results 

3.1. Demographic and clinical characteristics of patients with CTD-associated UIP 



and IPF.  

Table 1 summarizes the baseline characteristics of patients and healthy controls. Data 

showed that 92.6% of IPF patients were males, while such proportion became 72.9% 

in patients with CTD-associated UIP. Similar results were found in forced vital 

capacity (FVC), diffusing capacity of the lung for carbon monoxide (DLco) and 

arterial oxygen pressure (PaO2) between the IPF and CTD-associated UIP groups. 

Patients with CTD-associated UIP had a higher C-reactive protein (CRP) level 

compared with the IPF patients (Table 1). 

Table 1 Baseline characteristics of patients 

Clinical 

Characteristics 

CTD-UIP 

(n=48) 

IPF 

(n = 59) 

Controls 

(n = 30) 

p value 

CTD-UIP VS 

IPF 

Age(years) 68.0(62.0-75.0) 66.0(63.0-75.0)  65.0(63.0-69.3) 0.799  

Sex(Male ) 35 (72.9%) 54 (91.5%)  26(86.7%)  0.002**  

PaO2 72.5(64.8-78.0) 71.0(65.0-78.0)  NA 0.997  

FVC% predicted 69.4(58.6-84.3) 72.1 (62.3-83.6)  NA 0.640  

DLco% predicted 43.4(33.1-66.3) 50.0(39.4-67.0)  NA 0.253  

LDH (U/L) 248.0(213.0-346.0) 238.0(205.0-278.0)  NA 0.152  

 CRP (mg/L) 11.8(3.7-38.7) 5.0(3.3-16.4)  NA 0.039*  

*p< 0.05,**p< 0.01 

FVC, forced vital capacity. DLco, diffusing capacity of the lung for carbon 

monoxide; CRP, C-reactive protein; LDH, lactate dehydrogenase; 

3.2. Serum concentrations of sCD206, sCD163 and KL-6 in IPF patients. 

The serum levels of sCD206 (558.6 [328.6, 807.4] versus 200.0 [120.0, 250.0] ng/mL, 



p<0.001), sCD163 (46.8 [20.6, 80.4] versus 25.2 [9.9, 38.8] ng/mL, p=0.005) and 

KL-6 (1,095.0 [808.0, 1,654.0] versus 181.0 [162.0, 280.0] U/mL, p<0.001) were 

significantly increased in patients with CTD-associated UIP compared with the 

healthy controls. The median serum sCD206 level from CTD-associated UIP patients 

was increased by more than two folds compared with the IPF patients (558.6 [328.6, 

807.4] versus 335.0 [267.5, 492.5] ng/mL, p<0.001). However, no obvious 

differences in serum sCD163 and KL-6 levels were found between the 

CTD-associated UIP and IPF patients (46.8 [20.6, 80.4] versus 37.9 [22.0, 70.7] 

ng/mL, p=0.457 and (1,095.0 [808.0, 1,654.0] versus 923.0 [617.0, 1,292.5] U/mL, 

p=0.059, respectively) (Fig. 1). 

Fig.1. Serum sCD206, sCD163 and KL-6 levels in CTD-associated UIP, IPF 

patients and normal controls 

 

Serum concentrations of sCD206 (A), sCD163 (B) and KL-6 (C) levels in patients 

with CTD-associated UIP, IPF patients and controls. P-values were determined by 

Mann Whitney U test. CTD: connective tissue disease; UIP: usual interstitial 

pneumonia; IPF: idiopathic pulmonary fibrosis; sCD206: Soluble CD206; sCD163: 

Soluble CD163. 

 



3.3. Correlations between sCD206 concentration and study variables at baseline. 

Correlation analyses showed that the serum sCD206 level in CTD-associated UIP 

patients was not associated with lung function (FVC% or DLco%). The serum 

sCD206 level was positively associated with sCD163, and the inflammatory markers 

CRP and lactate dehydrogenase (LDH), but negatively correlated with PaO2 (Fig. 2). 

Fig.2. Correlations between sCD206 concentration and study variables  

 

The statistical comparisons of sCD206 and variables were performed using 

Spearman’s rank correlation coefficient. FVC, forced vital capacity. DLco, diffusing 
capacity of the lung for carbon monoxide; CRP, C-reactive protein; LDH, lactate 

dehydrogenase; 

3.4. Serum sCD206 as the discriminative feature between CTD -associated UIP and 

IPF.  

We calculated the optimal cut-off value of sCD206 for distinguishing 

CTD-associated UIP and IPF patients by using receiver operating characteristic 



(ROC) analysis. The cut-off value of serum sCD206 was 523.8 ng/mL (sensitivity 

60.3%, specificity 79.6%). The area under the ROC curve (AUC) for sCD206 in 

distinguishing CTD-associated UIP from IPF was 0.728 (95% CI, 0.631-0.826; 

p<0.001). The level of CRP was also elevated in patients with CTD-associated UIP, 

while serum sCD206 was a better biomarker of CTD-associated UIP compared with 

CRP (AUC 0.633, p=0.024) (Fig. 3).  

Fig.3. ROC curve analyses for all the patients according to the serum sCD206 

levels. 

 

ROC curve analyses for all the patients according to the serum sCD206 levels. The 

AUC for serum sCD206 were statistically obvious in the differentiation of CTD 

associated UIP subjects (p<0.001, cut-off value 523.8 ng/ml) ,which was better than 

CRP levels (p=0.024, cut-off value 23.9 mg/l ). 

 

3.5. Prognostic value of sCD206 in patients with CTD-associated UIP and survival 



analyses. 

ROC analysis was used to evaluate the optimal cut-off value of sCD206 to predict the 

mortality of CTD-associated UIP. In the ROC analysis, the AUC for sCD206 was 

0.697 (95%CI, 0.537-0.857) with the cut-off value of 444.2 ng/mL. The sensitivity 

and specificity were 86.7% and 60.3%, respectively (Fig. 4A). Of the 48 subjects 

with CTD, 15 died, and 33 survived. The serum sCD206 level was higher in 

decedents compared with survivors (726.9 [528.9, 1,094.1] versus 495.8 [316.9, 

650.7] ng/mL, p=0.030) (Fig. 4B). Compared with patients with a sCD206 level 

higher than 444.2 ng/mL, those with a level lower than 444.2 ng/mL (n=15) had a 

better survival (n=33) (log-rank, p= 0.003) (Fig. 4C). Moreover, the mortality of IPF 

patients was higher compared with the patients with CTD-associated UIP (log-rank, 

p= 0.003) (Fig. 4D). In addition, univariate and multivariate analyses adjusted with 

age and gender were used to evaluate the mortality risk for the patients with 

CTD-associated UIP. Among the variables, elevated serum levels of CRP, LDH and 

sCD206 but not KL-6 were obviously associated with a poor outcome in patients 

with CTD-associated UIP. Besides, decreased FVC% and PaO2 were also prognostic 

factors of markedly worse outcomes (Table 2). 

 

 

 



Fig.4. Prognostic value of sCD206 in patients with CTD-associated UIP and 

survival analyses 

 

ROC curve analyses for CTD-associated UIP patients to predict the mortality of 

CTD-associated UIP (A); The serum concentrations of sCD206 were higher in 

decedents than survivors with CTD-associated UIP (B); Kaplan-Meier curves of 

patients with CTD-associated UIP according to serum sCD206 (C); Kaplan-Meier 

curves showed that mortality was lower in patients with CTD-associated UIP than in 

those with IPF by log-rank test (D). 

 

 

 

 

 

 



Table 2  Prediction for survival in CTD-UIP patients 

Variables Univariate analysis Multivariate analysis 

 HR 95% CI p-value HR 95% CI p-value 

Age, yr 1.035 0.970-1.103 0.299 
   

Gender, 2.452 0.887-6.773 0.084 
   

P a O2 0.965 0.937-0.993 0.016* 0.954  0.925-0.983  0.002**  

FVC% 0.955 0.918-0.994 0.023* 0.954  0.920-0.988  0.009**  

DLco% 0.969 0.932-1.008 0.118 0.966  0.933-0.999  0.056  

CRP 1.015 1.006-1.025 0.001** 1.019  1.009-1.029  < 0.001***  

LDH 1.008 1.004-1.012 < 0.001*** 1.009  1.005-1.014  < 0.001***  

sCD206 (continuous) 1.001 1.000-1.003 0.030* 1.001 1.000-1.003 0.048*  

sCD206 (>444.2ng/ml) 0.18 0.040-0.801 0.024* 0.183 0.041-0.820 0.026*  

sCD163 0.997 0.990-1.004 0.403 0.997 0.990-1.004 0.385 

KL-6 (continuous) 1.000 0.999-1.000 0.320 1.000 0.999-1.000 0.322 

*p< 0.05,**p< 0.01,***p< 0.001 

FVC, forced vital capacity. DLco, diffusing capacity of the lung for carbon 

monoxide; CRP, C-reactive protein; LDH, lactate dehydrogenase; 

 

4. Discussion 

In this study, we evaluated the clinical importance of alternatively activated 

macrophage marker CD206 in patients with CTD-associated UIP. We found that 

patients with CTD-associated UIP had a higher serum sCD206 level compared with 

IPF patients. In particular, the higher level of sCD206 (>523.8 ng/mL) was helpful in 

distinguishing patients with CTD-associated UIP from those with IPF. Statistically, 

elevated sCD206 was closely associated with a higher risk of mortality. We also 

confirmed an improved survival for patients with CTD-associated UIP. Additionally, 

elevated serum levels of CRP and LDH as well as worse lung function (FVC%) could 

also be used to evaluate the prognosis of CTD-associated UIP. Collectively, these 



results provided clinical implications of alternatively activated macrophages in the 

disease differentiation of CTD-associated UIP and IPF, and evaluations of its related 

marker CD206 might predict the mortality in patients with CTD-associated UIP. 

The relatively macrophage-specific receptor CD206 is primarily expressed by 

macrophages, while its expression may also be found in dendritic cells and 

endothelial cells [26], which is a commonly used marker of macrophages both in vivo 

and in vitro [27]. Several studies have revealed that the elimination of macrophages 

in lupus rats significantly alleviates the activity of lupus nephritis [28]. Moreover, in 

renal tissues of patients with type IV lupus nephritis, high levels of macrophages 

predict a poor prognosis [29]. Similarly, the activation of macrophages is also 

involved in the pathogenesis of IPF. 

It has been well documented that pulmonary fibrosis is considered as a 

histopathological feature of epithelial cell damage and activation, fibroblast 

proliferation and excessive extracellular matrix formation in lung parenchyma [30,31]. 

Macrophages play a vital role in the pathogenesis of IPF through the production of 

specific factors and biological activities [17]. In particular, M2 macrophages are 

recognized to associate with the progressive phase of lung fibrosis in mice and 

humans [17,32]. For example, CC chemokine ligand18 (CCL18), a product of M2 

macrophages, promotes collagen production by lung fibroblasts in patients with 

pulmonary fibrosis [33]. Moreover, high levels of M2 cytokine CCL18 are 

significantly predictive for the risk of acute exacerbation in IPF patients [34]. 



Similarly, fibrotic mediators TGF-β and PDGF released by M2 macrophages play an 

important role in migration, accumulation of myofibroblast and collagen deposition, 

which boost the progression of lung fibrosis [35]. In addition, IL10 can accelerate 

bleomycin-induced lung fibrosis, which may be involved in fibrocyte recruitment and 

M2 macrophage activation via the CCL2/CCR2 axis [36]. Based on these findings, 

macrophage activation not only plays a role in CTD, but also in the occurrence and 

development of pulmonary fibrosis. However, we speculated that serum sCD206 

could be used as an inflammatory marker in patients with CTD-associated UIP. Here, 

we firstly showed that the sCD206 level in CTD-associated UIP patients was higher 

compared with IPF patients, which was positively associated with sCD163, CRP and 

LDH levels, but negatively correlated with PaO2. In addition, the cut-off value of 

serum sCD206 level obtained from ROC curves could be used to distinguish these 

two subsets of patients. Although results from some studies have suggested that the 

KL-6 level is useful in predicting the IPF outcomes [37,38], the specificity of KL-6 

has not been evaluated for CTD-associated UIP. In the present study, the serum KL-6 

level in patients with CTD-associated UIP was similar to that in IPF patients. In 

contrast, KL-6 was unable to distinguish CTD-UIP from IPF in our study. The CRP 

level was also higher in patients with CTD-associated UIP, while no obvious 

correlation was found between the CRP and other clinical parameters. We 

hypothesized that the activity of CTD might affect the CRP level, which could not be 

used to differentiate the etiology of UIP. 

Previous study has demonstrated that individuals with CTD-associated pulmonary 



fibrosis have a better survival compared with IPF patients [39,40]. Consistent with 

the published reports, we also found that the mortality of patients with 

CTD-associated UIP was lower compared with IPF patients. In addition, patients with 

a serum sCD206 level above the cut-off value (444 ng/mL) had an obviously shorter 

survival than those with a lower value. Lastly, the multivariate analysis demonstrated 

that sCD206 remained a predictor of survival even after the adjustment for age and 

gender.  

Overall, we assessed the role of serum sCD206 in differentiating CTD-associated 

UIP from IPF, and its prognostic significance in patients with CTD-associated UIP 

was also evaluated. However, there are several limitations in our present study. First, 

our ability to conduct a serial analysis of sCD206 was limited due to the rarity of IPF 

population. Second, there was a lack of long-term follow-up for the prognosis of 

patients to confirm the results. A longitudinal study in a larger population would be 

helpful for further research. Third, the pathogenesis of M2 macrophages was not 

clearly clarified in the occurrence of CTD-associated UIP, and further basic research 

is still necessary to reveal the specific mechanism.  
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Figures

Figure 1

Serum sCD206 sCD 163 and KL 6 levels in CTD associated UIP , IPF patients and normal controls. Serum
concentrations of sCD206 ( sCD 163 (B) and KL 6 (C) levels in patients with CTD associated UIP , IPF
patients and controls . P values were determined by Mann Whitney U test. CTD: c onnective tissue
disease; UIP: u sual interstitial pneumonia; IPF: i diopathic pulmonary �brosis; sCD206 Soluble CD206
sCD 163: Soluble CD 163.

Figure 2



Correlations between sCD206 concentration and study variables. The statistical comparisons of sCD206
and variables were performed using Spearman’s rank correlation coe�cient. FVC, forced vital capacity.
DLco, diffusing capacity of the lung for carbon monoxide; CRP, C reactive protein; LDH, lactate
dehydrogenase;

Figure 3

ROC curve analyses for all the patients according to the serum sCD206 levels. ROC curve analyses for all
the patients according to the serum sCD206 levels. The AUC for serum sCD206 were statistically obvious
in the differentiation of CTD associated UIP subjects (p<0.001, cut off valu e 523.8 ng/ml) ,which was
better than CRP levels (p=0.024, cut off value 23.9 mg/l ).



Figure 4

Prognostic value of sCD206 in patients with C T D associated UIP and survival analyses. ROC curve
analyses for CTD associated UIP patients to predict the mortality of CTD associated UIP (A); The serum
concentrations of sCD 206 were higher in decedents than survivors with CTD associated UIP (B); Kaplan
Meier curves of patients with CTD associated UIP according to serum sCD206 ( C Kaplan Meier curves
show ed that mortality was low er in patients with CTD associated UIP than in those with IPF by l og rank
test ( D).


