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ABSTRACT  

Background: Autotaxin (ATX) is an ecto-enzyme that catalyzes the hydrolysis of 

lysophospholipids to the lipid mediator lysophosphatidic acid (LPA). LPA/ATX 

signaling has emerged as a new therapeutic target for pulmonary fibrosis; however, 

the serum levels and dynamics of ATX during the clinical course of fibrosing 

interstitial lung disease (ILD) remain unknown. 

Objectives: This study sought to examine the serum ATX levels in fibrosing ILD in 

the chronic phase and in acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF). 

We aimed to elucidate the association between serum ATX level and clinical 

characteristics including disease progression and prognosis. 

Methods: In total, 119 patients with fibrosing ILD and 38 healthy volunteers as 

controls were enrolled in the study and their serum ATX activity was analyzed. We 

also included 6 male patients with AE-IPF in order to analyze the changes in serum 

ATX at the onset of AE-IPF. 

Results: Patients with fibrosing ILD showed significantly higher serum ATX levels 

compared with healthy controls in both genders. Percent change in forced vital 

capacity after 1 year correlated with serum ATX levels in female patients. High serum 

ATX levels (>0.721 mg/L) were associated with worse outcome in survival curve and 

multivariate analysis of male patients. Serum ATX activity decreased after the onset 

of AE-IPF. 

Conclusion: Serum ATX levels were significantly higher in patients with fibrosing ILD 

compared with healthy controls and this was associated with disease progression 

and outcome. This suggests the potential of serum ATX as a promising biomarker for 

the treatment of fibrosing ILD. 

  



Background  

Fibrosing interstitial lung disease (ILD) is a heterogenous group of lung disorders 

characterized by fibrosis in the lung interstitium. Idiopathic pulmonary fibrosis (IPF), a 

subtype of fibrosing ILD, is a representative phenotype with radiological and/or 

histopathological usual interstitial pneumonia (UIP) pattern in which chronic and 

progressive pulmonary fibrosis of indeterminable cause develops in the lung and 

finally results in respiratory failure [1]. The clinical course of IPF is usually chronic, 

however, some patients develop an acute exacerbation of IPF (AE-IPF) with severe 

worsening of respiratory symptoms and grave prognosis after the onset [2]. Other 

subtypes of ILD, such as non-specific interstitial pneumonia (NSIP), connective tissue 

disease-associated ILD (CTD-ILD), unclassifiable ILD, and pleuroparenchymal 

fibroelastosis also have a progressive fibrotic phenotype[3].  

  Lysophosphatidic acid (LPA), a bioactive lipid mediator, has been reported to be 

associated with the development and progression of pulmonary fibrosis through 

binding to its receptors [4–7]. Autotaxin (ATX) is an extracellular enzyme that 

catalyzes the hydrolytic conversion of lysophospholipids, such as lysophatidylcholine 

(LPC), to LPA by its phospholipase D activity [8]. ATX is highly expressed in the 

human fibrotic lung and pharmacologic inhibition of ATX results in attenuation of 

bleomycin-induced pulmonary fibrosis [9]. The ATX/LPA axis has now emerged as a 

promising therapeutic target for pulmonary fibrosis and several clinical studies have 

been investigating the possible effectiveness of ATX and LPA inhibitors in patients 

with IPF and progressive fibrosing ILD [10–12]. However, to our knowledge, the 

association between LPA and ATX levels in blood and the attendant clinical 

characteristics have not been fully investigated in patients with IPF and other types of 

fibrosing ILD. Measuring serum ATX levels is more advantageous than LPA 



measurements in the clinical setting. Primarily, ATX is stable without requiring strict 

temperature control after sample preparation while LPA is not stable at room 

temperature and is only measurable in plasma.  

In this study, we aimed to elucidate ATX activity in the chronic phase of fibrosing 

ILD and after the onset of AE-IPF. 

 

  



Methods 

Patients 

We recruited 139 patients with fibrosing ILD in the chronic phase (n= 119) and 

after the onset of AE-IPF (n=20) seen at our institution during the period from 

November 2017 through October 2020. Since 4 patients had serum available from 

both the chronic and acute exacerbation phase, 135 patients were enrolled in the 

study. In addition, 38 volunteers were recruited to participate as healthy controls. 

Patient characteristics extracted from the medical records included the following: 

age, gender, smoking history, laboratory data, pulmonary function test results, final 

diagnosis of fibrosing ILD, treatment for fibrosing ILD, and prognosis. The diagnosis 

of IPF and other type of fibrosing ILD was determined by using the guidelines of the 

American Thoracic Society (ATS)/European Respiratory Society (ERS)/Japanese 

Respiratory Society/Latin American Thoracic Association and the joint statement of 

the ATS and the ERS [13]. The diagnosis of AE-IPF was based on criteria proposed 

by the international working group on AE-IPF [2]. The database was locked in 

October 2020. The institutional review board of Toho University Graduate School of 

Medicine approved this study (approval number: A20100). All patients and healthy 

controls provided written informed consent to participate in the study. 

 

Blood collection and autotaxin quantification 

Peripheral blood was collected during the stable phase of fibrosing ILD. Blood 

collection in AE-IPF was performed at the onset before administered corticosteroid 

treatment. Peripheral blood samples were obtained from the patients in a tube and 

centrifuged at 3000 rpm for 10 min. The resulting supernatant after centrifugation was 



aliquoted and stored at -80°C. ATX activity was measured by using fluorescence 

enzyme immunoassay in a commercial clinical laboratory (SRL, Inc., Tokyo, Japan). 

 

Data analysis 

Continuous variables comprised the unpaired t-test for both groups. Categorical 

variables were compared using the χ2 and Fisher’s exact tests. Receiver operating 

characteristic (ROC) curve analysis was used to determine the optimal cut-off value 

of serum ATX for prediction of outcome. Worse outcome was defined as death or 

inability to continue treatment for fibrosing ILD by transfer to either home health care 

or long-term hospital care. We used the Kaplan-Meier method to determine the 

prognosis. The log-rank test was used to compare the two groups. Hazard ratios 

along with 95% confidence intervals (95%CI) were calculated using Cox proportional 

hazards analysis to determine the independent predictor for onset of AE-IPF. All P 

values were two-sided and <0.05 was considered to indicate statistical significance. 

Statistical analysis was performed by using SPSS Statistics for Windows version 27.0 

(IBM Corp., Armonk, NY) and GraphPad PRISM version 8.00 (MDF Co., Ltd., San 

Diego, CA). 

  



Results 

Baseline characteristics and gender differences 

Baseline characteristics of patients with chronic fibrosing ILD are shown in Table 1; 

78 IPF patients and 41 non-IPF patients were included in the study. We compared 

serum ATX levels between male and female patients. Higher ATX levels were seen in 

females compared with male patients (0.724 ± 0.161 mg/L vs. 0.912 ± 0.224 mg/L; P 

< 0.0001). Thus, for subsequent investigations we divided the patients according to 

gender. Next, we examined the association of ATX activity and corticosteroid therapy. 

ATX levels were significantly lower in patients receiving corticosteroid therapy 

compared with those not receiving corticosteroids in both male and female patients 

(Males: 0.743 ± 0.160 mg/L vs. 0.580 ± 0.075 mg/L, P = 0.002; Females: 0.975 ± 

0.236 mg/L vs. 0.789 ± 0.137 mg/L, P = 0.002). We thus excluded those patients 

receiving corticosteroid therapy for further analysis of chronic fibrosing ILD. No such 

difference was observed in the presence or absence of treatment with antifibrotic 

agents including pirfenidone and nintedanib (Males: 0.747 ± 0.153 mg/L vs. 0.736 ± 

0.176 mg/L, P = 0.681; Females: 0.927 ± 0.218 mg/L vs. 0.873 ± 0.243 mg/L, P = 

0.229).  

 

ATX activity in chronic fibrosing ILD 

We added a control arm comprising 38 healthy controls to analyze ATX activity in 

the chronic phase of fibrosing ILD (Table 1). Serum ATX levels were compared 

between patients with fibrosing ILD and healthy controls. Significantly higher ATX 

levels were seen in both genders among fibrosing ILD patients compared with healthy 

controls (Figure 1). There were no significant between-group differences in ATX 

levels among the subtypes of fibrosing ILD (Table 2). We then examined the 



correlation of serum ATX activity with other clinical parameters including laboratory 

data and pulmonary function (Table 3). There was no significant correlation between 

ATX levels and other clinical parameters at baseline. The percent predicted change in 

forced vital capacity (%FVC) after 1 year was correlated with serum ATX levels in 

female patients.  

  

Association between ATX activity and outcome 

We identified the optimal cut-off value of ATX level for prediction of outcomes by 

using ROC curve analysis. The cut-off value was determined as 0.721 mg/L for male 

(n=61) and as 0.946 mg/L for female (n=33) patients for predicting death or 

discontinuation of treatment for fibrosing ILD within 3 years (Table 4). Survival curve 

analysis showed significantly worse prognosis in male patients with high serum ATX 

activity (>0.721mg/L) compared with those with low ATX activity (<0.721 mg/L) 

(Figure 2A). In addition, multivariate analysis using Cox proportional hazards model 

revealed that lower %FVC at baseline and high ATX level were independent 

predictors of worse outcome (Table 5). When we limited to IPF patients, high serum 

ATX activity and %FVC was still significant predictor of outcome (HR 8.288 [95%CI: 

1.021, 67.256], P=0.048). However, there was no significant difference in survival 

between high and low serum ATX levels among female patients (Figure 2B).  

 

ATX activity in acute exacerbation of IPF 

Finally, we analyzed serum ATX levels in AE-IPF. Clinical characteristics at the 

onset of AE-IPF and treatment for AE-IPF are shown in Table 6. We compared ATX 

levels between stable male IPF patients without corticosteroid therapy (n=53) and 

male AE-IPF patients before receiving the first corticosteroid injection (n=6). As 



shown in Figure 3, ATX levels were decreased after AE-IPF onset compared to stable 

state in male IPF patients (0.746 ± 0.163 mg/L vs. 0.564 ± 0.199 mg/L; P = 0.006). 

  



Discussion 

This study demonstrated that serum ATX levels were elevated in fibrosing ILD 

patients compared with healthy controls. High ATX levels were associated with 

disease progression and worse outcome in fibrosing ILD. Low ATX levels were 

observed in AE-IPF compared with the stable state. 

LPA is a bioactive lipid mediator that consists of a glycerol phosphate backbone 

with a single fatty acid. LPA binds to specific G protein-coupled receptors and 

mediates various inflammatory and fibrotic responses. LPA1 is the most frequently 

reported LPA receptor associated with pulmonary fibrosis. LPA/LPA1 signaling has a 

profibrotic role in epithelial cells, endothelial cells, and fibroblasts [4, 6]. Mice with 

genetic deficiency of LPA1 and pharmacological inhibition of LPA1 both demonstrated 

protection from fibrosis in a bleomycin mouse model of pulmonary fibrosis[4, 6]. Also, 

LPA induced fibroblast reorganization and proliferation thorough LPA2 signaling. 5 

LPA/LPA2 signaling activates TGF-β expression in lung epithelial cells and fibroblasts, 

leading to myofibroblast differentiation [7]. 

ATX is a secreted lysophospholipase D that catalyzes the hydrolysis of LPC to LPA 

by phospholipase D activity. It is abundant in most biological fluids, including blood, 

bronchoalveolar lavage fluid, cerebrospinal fluid, and urine [14]. 

Immunohistochemical studies revealed that ATX is constitutively expressed in 

bronchial epithelial cells, alveolar epithelial cells, and alveolar macrophages in the 

lung [9]. Furthermore, ATX showed a higher staining intensity in IPF and F-NSIP lung 

than in control samples of healthy lung, suggesting that ATX is activated in the fibrotic 

lung [9]. Genetic deletion and pharmacological inhibition of ATX resulted in 

attenuation of bleomycin-induced pulmonary fibrosis in a mouse model [9]. Taken 

together, the LPA/ATX axis has now emerged as a potential therapeutic target in 



pulmonary fibrosis. Several inhibitors targeting LPA1 and ATX have now been 

entered into clinical trials of IPF and other types of fibrosing ILD [10–12]. The FLORA 

study, a phase 2a randomized placebo-controlled trial of ATX inhibitors in IPF, 

reported decreased plasma LPA C18:2 levels in the treatment group compared with 

the placebo group [10] . However, no study has analyzed serum ATX levels in 

fibrosing ILD to date.    

In this study, we showed that serum ATX level is a potential biomarker to predict 

disease progression and worse outcome in fibrosing ILD. To our knowledge, this is 

the first report to examine the association of ATX levels with clinical characteristics in 

fibrosing ILD. Further studies are required to assess the relationship between serum 

ATX levels and response to LPA/ATX inhibitors if these drugs are proven to be 

effective.  

In terms of utilizing blood levels in the clinical setting, serum ATX measurement is 

preferable to serum LPA. First, ATX is temperature stable after sample preparation 

[15]. Second, ATX is less affected by metabolic changes such as in diabetes mellitus, 

chronic kidney disease, and food intake [16]. In addition, there were no significant 

differences between age groups [17]. However, a gender difference in blood ATX 

levels has been reported [15]. The precise mechanism of this difference is yet to be 

determined, however, since female subjects and with pregnancy show high ATX 

levels in the blood, it might be associated with reproductive biology [15, 18]. In this 

study, ATX levels were significantly higher in female patients compared with male 

patients consistent with previous reports. Therefore, we analyzed the association of 

serum ATX level with clinical characteristics separately in both genders. Serum ATX 

level is elevated in pregnancy [18], malignant lymphoma [19], and liver fibrosis [20]. 

None of the patients in our study were pregnant or had malignant lymphoma or liver 



fibrosis. Initiation of corticosteroid therapy was reported to decrease ATX levels in a 

dose-dependent manner [21]. Similarly, in this study, ATX levels were significantly 

lower in patients receiving corticosteroid therapy compared with those without 

corticosteroids in both male and female patients. Considering the effect of 

corticosteroids, patients who were receiving corticosteroid therapy at the time of 

serum ATX measurement in chronic fibrosing ILD were excluded from further 

analysis. No such difference was observed with antifibrotic therapy. 

  ATX levels were decreased after the onset of AE-IPF. Interpretating ATX level in 

AE-IPF is complicated since all patients treated corticosteroids in our institutional 

protocol. We excluded the patients had received the first dose of corticosteroids at 

the time of blood collection. The pathogenesis of AE-IPF characteristically is by 

increased type II alveolar epithelial cell injury and/or proliferation, coagulation 

disorders, and fibrotic deposition [2, 22]. ATX is mainly expressed in bronchial 

epithelial cells and alveolar macrophage in the lung [9]. Therefore, possible 

explanation for decreased ATX levels in AE-IPF is that severe epithelial damage of 

AE-IPF resulted in lower expression and production of ATX in bronchial epithelial 

cells.  

This study has several limitations. First, this is a single-center analysis, and we 

could not observe longitudinal changes in serum ATX levels in patients with chronic 

fibrosing ILD. Changes in serum ATX activity would be useful to predict disease 

progression. Future study with validation cohort is needed to confirm our findings 

since we include a heterogenous fibrotic ILD phenotype in this study. Second, the 

healthy controls were younger than the patients and there were less subjects with 

smoking history. This could have added some potential bias. Gender differences 

have been reported in several studies, but a previous study showed similar levels 



among different ages groups[17]. There was no significant difference between 

patients with or without smoking history in both genders (data not shown). Third, 

because of the small number of female patients who were not receiving corticosteroid 

therapy, we did not perform a multivariate analysis in female patients with fibrosing 

ILD. Similarly, we could not analyze ATX levels in AE-IPF among female patients.  

 

  



Conclusions 

In this study, elevated serum ATX levels in fibrosing ILD patients compared with 

healthy controls and high ATX levels were associated with disease progression and 

worse outcome. Our findings indicated that serum ATX is a potential blood biomarker 

for diagnosing and predicting the outcome in fibrosing ILD. Inhibitors targeting 

LPA/ATX signaling have emerged as new treatment candidates for fibrosing ILD. The 

association of serum ATX with response to LPA and ATX inhibitors should be 

examined in the future if their utility is proven in clinical trials. 
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Table 1. Baseline characteristics of patients with stable fibrosing ILD. 

Data are presented as mean ± SD. ILD, interstitial lung diseases; IPF, idiopathic pulmonary 

fibrosis; NSIP, non-specific interstitial pneumonia; CTD-ILD, connective tissue 

disease-associated interstitial lung disease; PPFE; pleuroparenchymal fibroelastosis; LDH, 

lactate dehydrogenase; SP-D, surfactant protein-D; KL-6, Krebs von den Lungen-6; FVC, forced 

vital capacity; DLco, diffusing capacity for carbon monoxide. 

 Patients Healthy controls 

Subjects, n 119 38 

Age (years) 70 ± 9 52 ± 11 

Sex, male, n (%) 69 (58) 16 (42) 

Smoking history, yes, n (%) 73 (61) 11 (29) 

Diagnosis of fibrosing ILD, n   

  IPF 78 - 

  NSIP 11 - 

  Unclassifiable ILD 10 - 

  PPFE 8 - 

  CTD-ILD 12 - 

Treatment at the time of analysis, n   

  Corticosteroids 25 - 

  Pirfenidone 19 - 

  Nintedanib 15 - 

Laboratory data   

LDH, U/L 252 ± 54 - 

KL-6, U/mL 1029 ± 680 - 

SP-D, ng/mL 215 ± 148 - 

Pulmonary function   

FVC, mL 2133 ± 743 - 

  %FVC, % 75.9 ± 20.4 - 

DLco, % 59.8 ± 20.9 - 



Table 2. ATX activity by gender in fibrosing ILD patients without corticosteroids therapy at the time of blood sampling.  

Data are presented as mean ± SD. ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; NSIP, non-specific interstitial pneumonia; PPFE; 

pleuroparenchymal fibroelastosis; CTD-ILD, connective tissue disease-associated interstitial lung disease. 

 

  

Diagnosis of ILD IPF NSIP Unclassifiable ILD PPFE CTD-ILD 

Male       

Subjects, n 53 3 1 4 0 

ATX activity, mg/L 0.746 ± 0.163  0.793 ± 0.221  0.661   0.683 ± 0.988  -   

Female           

Subjects, n 16 4 3 4 6 

ATX activity, mg/L 1.003 ± 0.258  0.933 ± 0.105 1.217 ± 0.376  0.869 ± 0.195  0.876 ± 0.101 



Table 3. Correlation between ATX levels and clinical parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

KL-6, Krebs von den Lungen-6; SP-D, surfactant protein-D; FVC, forced vital capacity; DLco, 

diffusing capacity for carbon monoxide. 

 

  

 r P value 

Male (n=61)   

KL-6 -0.117 0.370 

SP-D 0.040 0.757 

%FVC -0.093 0.481 

DLco -0.191 0.146 

Δ1 year %FVC (n = 28) 0.142 0.472 

Female (n=33)   

KL-6 -0.009 0.957 

SP-D 0.218 0.223 

%FVC 0.051 0.784 

DLco, % -0.135 0.471 

Δ1year %FVC (n = 13) -0.676 0.014 



Table 4. ROC curve analysis to determine the optimal cut-off value of ATX for predicting the 

worse outcome of fibrosing ILD. 

ROC, receiver operating characteristic; AUC, area under curve. 

  

 
Cut-off value AUC Sensitivity Specificity 

Male (n=61) 0.721 mg/dL 0.766 92.9% 61.7% 

Female (n=33) 0.946 mg/dL 0.608 62.5% 64.0% 



Table 5. Multivariate analysis using Cox proportional hazards model for predicting independent 

predictors of worse outcome in male patients with fibrosing ILD (n=61). 

CI, confidence intervals; KL-6, Krebs von den Lungen-6; FVC, forced vital capacity. 

 

  

 
Hazard ratio 95%CI P value 

Age (years) 1.005 0.943-1.072 0.868 

Smoking history 1.257 0.156-10.100 0.830 

KL-6 0.999 0.998-1.001 0.228 

  %FVC 0.964 0.930-0.999 0.043 

ATX > 0.721 mg/L 8.295 1.049-65.558 0.045 



Table 6. Baseline characteristics of male patients with AE-IPF 

 

 

 

 

 

 

 

Data are presented as mean ± SD. LDH, lactate dehydrogenase; SP-D, surfactant protein-D; 

KL-6, Krebs von den Lungen-6; AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis  

  

 n=6 

Age (years) 71 ± 6 

PaO2/FiO2 315 ± 52 

LDH, U/L 332 ± 43 

KL-6, U/mL 1808 ± 990 

SP-D, ng/mL 318 ± 137 

CRP, mg/dL 9.3 ± 10.9 



Figure Legends 

Figure 1. Autotaxin (ATX) levels in patients with fibrosing interstitial lung disease 

(ILD) and healthy controls (HC). Fibrosing ILD patients showed significantly 

increased ATX levels in male patients (0.743 ± 0.160 mg/L vs. 0.626 ± 0.092 mg/L; P 

= 0.008) (A), and female patients (0.975 ± 0.236 mg/L vs. 0.786 ± 0.133 mg/L; P = 

0.001) (B). 

 

Figure 2. Survival curve of fibrosing interstitial lung disease (ILD) patients according 

to serum ATX levels. (A) Male patients with high ATX levels (>0.721mg/L) showed 

significantly better outcome than patients with low ATX levels (Log rank P = 0.003). 

(B) No such difference outcome was observed between high (>0.946mg/L) and low 

ATX levels in female patients (Log rank P = 0.478). 

 

Figure 3. Autotaxin (ATX) levels in male patients with chronic idiopathic pulmonary 

fibrosis (IPF) and acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF). ATX 

levels were significantly decreased after the onset of AE-IPF compared with stable 

IPF (0.746 ± 0.163 mg/L vs. 0.564 ± 0.199 mg/L; P = 0.006). 
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Supplementary Table 1. Multivariate analysis using Cox proportional hazards model for 

predicting independent predictors of worse outcome in male patients with IPF (n=53). 

 

CI, confidence intervals; KL-6, Krebs von den Lungen-6; FVC, forced vital capacity. 

 

 
Hazard ratio 95%CI P value 

Age (years) 0.971 0.891-1.060 0.514 

Smoking history 1.098 0.134-9.002 0.931 

KL-6 0.999 0.998-1.001 0.296 

  %FVC 0.962 0.927-0.998 0.041 

ATX > 0.721 mg/L 8.288 1.021-67.256 0.048 


