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A B S T R A C T

An early diagnosis of interstitial lung disease (ILD) is important for guiding treatments of rheumatoid arthritis
(RA)-associated ILD (RA-ILD) in clinical settings. The non-canonical Wnt signaling representative ligand Wnt5a
was recently found to involve in idiopathic pulmonary fibrosis (IPF) and pathogenesis of RA. The goal of this
study was to examine the clinical relevance of Wnt5a in RA-ILD. In this report, the clinical relevance of plasma
Wnt5a protein was evaluated in 40 RA-ILD patients and 41 non-ILD RA cohorts. The results showed an elevated
Wnt5a protein in plasmas of RA-ILD patients compared with non-ILD RA patients (p < 0.01), which was po-
sitively correlated with the plasma level of rheumatoid factor (RF). Of note, more abundant Wnt5a was also
found in patients with usual interstitial pneumonia (UIP) than those with nonspecific interstitial pneumonia
(NSIP) and other ILD patterns. More importantly, the disease severity was correlated with the circulating Wnt5a
as ascertained by high-resolution computed tomography (HRCT)-UIP scores. The multiple-factor non-conditional
logistic regression analysis further revealed that the age, RA duration, smoking and plasma Wnt5a were risk
factors with clinical significance for RA-ILD. Interestingly, more Wnt5a-positive patients were identified in RA-
ILD smokers relative to RA-ILD never-smokers, and longer smoking duration was strongly correlated with Wnt5a
in RA-ILD patients. In consistence, ROC curve also suggested that the Wnt5a was a potential candidate biomarker
for identifying patients with RA-UIP. These results demonstrate that the circulating Wnt5a may be a risk factor
and potential biomarker for identifying UIP and accessing the severity and progression of ILD in RA patients.
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1. Introduction

Connective tissue disease-related interstitial lung diseases (CTD-
ILDs) are a heterogeneous group of disorders characterized by in-
flammation and/or fibrosis of lungs in patients with connective tissue
diseases (CTD), including rheumatoid arthritis (RA) (Fernandez-Diaz
et al., 2018). In this regard, 2–8% of RA patients eventually develop
pulmonary fibrosis that is associated with a three-fold increased risk of
mortality and has significantly economic implications (Bongartz et al.,
2010; Hyldgaard et al., 2017; Raimundo et al., 2018).

Clinically, RA-ILD manifests many well-recognized phenotypes. One
of the most notable distinctions of RA-ILD is a correlation with the usual
interstitial pneumonia (UIP) pattern of phenotype, in which the UIP is
the most common forms of ILD with a worse prognosis (Shaw et al.,
2015). Indeed, in contrast to patients with other CTD-related ILDs (e.g.,
systemic sclerosis [SSc], idiopathic inflammatory myositis, and mixed
connective tissue disease), in which a nonspecific interstitial pneu-
monia (NSIP) pattern is the most frequently phenotype. NSIP occurs in
approximately one-third of patients with RA-ILD and is generally as-
sociated with a longer duration of articular manifestations, a lower risk
of disease progression, a better response to treatment, and better overall
outcomes compared with UIP (Kim et al., 2009). In addition, the or-
ganizing pneumonia (OP), lymphocytic interstitial pneumonia (LIP),
diffuse alveolar damage (DAD), and desquamative interstitial pneu-
monia (DIP) are less frequent patterns of RA-related ILDs (Spagnolo
et al., 2018). Among these patterns, UIP is the radiological form of ILD
related to idiopathic pulmonary fibrosis (IPF) in clinical settings, and
their terms are often interchanged each other. But UIP is not synon-
ymous with IPF, and thus all known causes of pulmonary fibrosis need
to be excluded for the diagnosis of IPF (Wuyts et al., 2014). This sug-
gests that the disease activity and radiological pattern of ILD are the
most important prognostic factors for patients with RA-ILD, and the
identification of UIP in RA patients thus has an important clinical im-
plication in guiding the treatment of RA patients with ILD.

In the case of RA-ILD patients, lung injury is induced by an auto-
immune mechanism that may be controlled with timely im-
munosuppressive treatments (Vij and Strek, 2013). In a diagnostic
standpoint, a multidisciplinary evaluation of clinical, radiological, and
pathological disease features were recommended by internationally
recognized guidelines for the diagnosis and management of ILD (Raghu
et al., 2015; Travis et al., 2013). Of note, the high resolution computed
tomography (HRCT) has emerged as an important tool in the evaluation
of patients with RA-ILD. As a diagnostic modality, HRCT is widely
available and is more acceptable with less risk over surgical lung biopsy
(Caples et al., 2004). In addition, HRCT may provide direct images such
as reticulation and honeycombing that have a good correlation with
fibrosis in histopathological analysis. HRCT is also able to demonstrate
ground-glass opacity change that correlate with inflammatory injury in
lung tissue pathology analysis. Importantly, these HRCT images such as
fibrotic images and ground-glass opacity can be quantitatively mea-
sured with indexes proposed by Kazerooni et al. (1997). With respect to
RA-ILD, HRCT UIP pattern was recently found to strongly correlate with
histological UIP in patients with RA-ILD, potentially obviating the need
for lung biopsy in individuals with this HRCT finding (Raghu et al.,
2015).

Apart from HRCT imaging, the surgical lung biopsy and broncho-
scopic examination also have an important role in the diagnosis of UIP
(Travis et al., 2013). Generally, a patchy interstitial fibrosis, collagen
deposition, and architectural distortion characteristic of UIP pathologic
pattern, evident by surgical pathology or at the macro scale by HRCT, is
associated with poor prognosis and survival (Flaherty et al., 2002).
Serial lung function testing has been routinely employed for monitoring
the disease progression and outcome of treatments (King et al., 2001),
but the clinical course of UIP is highly variable and unpredictable.
Therefore, noninvasive blood biomarkers with diagnostic and prog-
nostic utility may support the diagnosis of RA-UIP in clinic, particularly

in settings with limited medical resources, and would help in the
identification of vulnerable patients. With this respect, little is currently
known about the biomarkers with diagnostic and prognostic value of
UIP, although there was a study suggested that an increased fragmented
was associated with UIP pattern patients with RA-ILD (Suhara et al.,
2016).

A compelling body of studies recently demonstrated that the Wnt
signaling is implicated in the pathogenesis of many diseases, including
lung diseases and autoimmune diseases (Newman et al., 2016; Shi et al.,
2016). The Wnt signaling pathways are well-established developmental
signaling that play crucial roles in embryonic development, morpho-
genesis and organogenesis, as well as tissue regeneration and patho-
genesis of many diseases (Nusse, 2005). Wnt signaling can be char-
acterized as either the β-catenin-dependent canonical Wnt pathway or
the β-catenin-independent non-canonical Wnt pathways include at least
the planar cell polarity (PCP) pathway and Wnt/calcium pathway (Lim
and Nusse, 2013). In this context, the Wnt5a is a representative ligand
activating non-canonical Wnt signaling (Li et al., 2015). There are
several studies supporting the role of Wnt5a in the pathogenesis of
inflammatory diseases, such as RA (MacLauchlan et al., 2017; Pashirzad
et al., 2017; Sen et al., 2002). For instance, increased transcripts of
Wnt5a and Fzd5 were observed in RA synovial tissues, and blocking the
Wnt-5a/Fzd5 signaling reduced the rheumatoid synoviocyte activation
(Sen et al., 2001, 2000). Interestingly, a further study found that the
pro-inflammatory cytokine IL-6 could induce Wnt5a which had im-
plicated in synovial fibroblast hypertrophy in RA (Katoh and Katoh,
2007). Similarly, a growing body of evidence also revealed involve-
ments of Wnt5a and non-canonical signaling in the pathogenesis of
pulmonary fibrosis (Ahangari and Kaminski, 2018; Newman et al.,
2016). For example, more abundant Wnt5a protein was observed in
fibroblasts derived from lung tissues of IPF patients with UIP pattern, as
determined by immunohistochemical staining (IHC) assay (Newman
et al., 2016). These studies strongly support notions of involvements of
non-canonical Wnt signaling and Wnt5a in the development of RA and
pulmonary fibrosis.

In view of aforementioned findings of Wnt5a in RA and IPF, we
therefore hypothesize that Wnt5a-mediated non-canonical Wnt sig-
naling may have a clinical implication in the development of fibrosis in
lungs of patients with RA-ILD, and an assessment of Wnt5a may offer
clinical significances for identifying and monitoring ILD, particularly
UIP in RA patients. To this end, the concentration of Wnt5a protein in
plasmas of 40 clinically diagnosed RA-ILD patients from a single center
was examined and analyzed by comparing with other clinical indexes.
The results demonstrated a strong correlation of circulating Wnt5a
protein with the disease severity of ILD in RA patients, particularly
those with a UIP pattern.

2. Methods and materials

2.1. Ethics statement

Human blood samples were collected with a protocol approved by
the Ethic Committee for the Conduct of Human Research at General
Hospital of Ningxia Medical University (NXMU-GH-2016-073). Written
consent was obtained from every individual for collecting blood sam-
ples and publishing the data according to the Ethic Committee for the
Conduct of Human Research protocol. All participants were older than
age of 21 years. The PI of this study maintains human research records,
including signed and dated consent documents, for ten (10) years after
the age of majority. The Ethic Committee the Conduct of Human
Research at Ningxia Medical University approved the consent proce-
dure for this study (NXMU-GH-2016-073).

2.2. Human subjects

Blood samples of 40 clinical diagnosed RA-ILD patients (21 females
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and 19 males) and 41 clinical diagnosed RA patients without a pul-
monary complication were collected from the outpatient rheumatology
and respiratory clinic of the General Hospital of Ningxia Medical
University from December 2016 to January 2018 (Fig. 1). The RA was
diagnosed according to the Guideline of American College of Rheu-
matology (ACR) 1987 criteria for the diagnosis of RA (Arnett et al.,
1988). Seropositive RA was considered if the disease was associated
with positive rheumatoid factor (RF) and/or cyclic citrullinated peptide
antibodies (CCPA) in at least two independent tests (Fernandez-Diaz
et al., 2018). Patients with ILD and IPF due to other causes, compli-
cations and/or chronic pulmonary diseases and infectious diseases such
as chronic obstructive pulmonary disease (COPD), pulmonary infection,
tuberculosis, and tumors in the lung were excluded from this study.
Patients with severe heart, lung and renal dysfunction were also ex-
cluded. All bloods were collected in tubes with heparin, and plasmas
were isolated and frozen in 100 μL aliquots at −80 °C until analyzed.
There was no genetic relationship among these individuals. All the
samples were collected under an informed consent.

2.3. Radiological re-categorization

The assessments of image of chest computed tomography (CT,
DELINITION, Siemens Electrical Apparatus LTD, Germany)/high re-
solution computed tomography (HRTC) scan were independently ana-
lyzed by two senior radiologists in the General Hospital of Ningxia
Medical University (with 6 and 11 years of experience, respectively).
The radiologists had certificates for qualification of clinical radiological
analysis issued by National Health Commission of the People’s Republic
of China (Beijing, China). The two radiologists evaluated independently
and blindly to check the presence or absence of these CT/HRCT find-
ings. The interpretation of differences in observed findings was de-
termined by consensus. The radiological features of ILD were categor-
ized according to the 2013 idiopathic interstitial pneumonia (IIP)
classification (Fischer et al., 2015; Travis et al., 2013). The ILD and
disease severity (no-ILD, mild-RA-ILD, moderate-RA-ILD) were assigned
based on the distribution of interstitial lung abnormalities (ILA) con-
sisting of septal lines, reticulation, traction bronchiectasis, cyst forma-
tion, and/or ground-glass opacity (GGO) image (Washko et al., 2010).
The diagnostic criterion of HRCT images for no-ILD was normal or focal
or unilateral GGO imaging, focal or unilateral reticulation, or patchy
GGO abnormality involving<5% of the lung (Fig. 2A). The image
diagnostic criterion of mild-ILD was changes affecting>5% of any
lobar region with nondependent GGO or reticular abnormalities, diffuse
centrilobular nodularity, non-emphysematous cysts, honeycombing, or
traction bronchiectasis (Fig. 2B). The image diagnostic criterion of
moderate-ILD was bilateral fibrosis in multiple lobes associated with
honeycombing and traction bronchiectasis in a subpleural distribution

(Fig. 2C) (Chen et al., 2015). No patient with severe ILD was included in
this study. HRCT images were independently reclassified as UIP, NSIP,
OP, and other patterns by the two radiologists according to the 2013 IIP
classification (Fischer et al., 2015; Travis et al., 2013). All other pa-
tients those who did not fit the definition of any specific subtypes were
classified in a group of other ILD pattern. Several representative images
with different classified patterns in this study were provided in sup-
plementary Fig. S1. The radiological RA-UIP criteria that were applied
were those for the diagnosis of IPF (Raghu et al., 2015). RA-NSIP was
defined as the predominance of GGO, possible visible subpleural
sparing and possible fine reticulation with minor or no honeycombing.
RA-OP was defined as single or multiple patchy consolidations.

2.4. HRCT imaging score

Both left and right lungs were divided into three imaging zones. The
upper zones were at or superior to the aortic arch, the middle zones
were between the aortic arch and pulmonary veins and the lower zones
were at or below the pulmonary veins. The extents of GGO, reticulation
and honeycombing were semi-quantitatively graded on a scale from 0
to 4 as follows: 0= finding absent, 1=minor peripheral scattered
changes, 2=uniform peripheral or minor central changes, 3= sub-
stantial peripheral changes that penetrated deeply to the lung par-
enchyma, 4= abundant peripheral and central changes. The total score
of these three findings was obtained by summing the grades for all six
zones, i.e. the maximum score 24 (Fig. 2D–F). Emphysema, traction
bronchiectasis, architectural distortion and pleural plaques were scored
using similar criteria, by summing given grades in all six zones, with
exception of using score 0–3 (0–3; 0= absent, 1= single scattered
changes, 2= larger single changes or several minor changes, 3=uni-
form or substantial changes) instead of the 0–4 scores in above GGO
patterns, this therefore resulted in a score ranging from 0 to 18
(Fig. 2G–I) (Nurmi et al., 2018).

2.5. Detection of plasma Wnt5a by enzyme-linked immunosorbent assay
(ELISA)

The concentration of plasma Wnt5a was measured using commer-
cially available ELISA kit per manufacturer’s instruction. The ELISA kit
for Wnt5a was a product of mlbio Inc. (Shanghai, China). For detection
of Wnt5a protein, the plasma was directly detected with stock sus-
pension, and its concentration was presented as ng/mL through a
standard curve. The demographic feature, serologic features, current
treatment and clinical features, including medication history, the 28-
joint Disease Activity Score (DAS28), current medication at baseline,
plasma levels of rheumatoid factors (RF), anti-cyclic peptide containing
citrulline (ACCP), erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and anti-keratin antibody (AKA), lactate dehydrogenase
(LDH), respiratory manifestations were also recorded.

2.6. Statistical analysis

Statistical analysis of data was performed using PRISM (version 5)
(GraphPad Software, La Jolla, CA, USA) and/or SPSS for Windows
(version 18.0) (SPSS Inc., Chicago, IL, USA). One-way ANOVA or
Kruskal-Wallis test was employed for comparisons of more than two
groups, and the t-test was conducted for comparison between two
groups. ROC curve was used to determine the best cut of value and
validity of certain variable. The multiple-factor non-conditional logistic
regression analysis was performed with SPSS software. The association
between qualitative variables was evaluated by Spearman correlation.
Data was presented as the mean ± standard error of mean (SEM) or
mean ± standard deviation (SD). A p value of less than 0.05 was
considered statistically significant, which was denoted as *: p < 0.05;
**: p < 0.01; ***: p < 0.0001.

Fig. 1. Enrollment of patients in this study. A flow diagram of enrollment of
participants categorized by HRCT patterns and clinical diagnostic data in this
study. HRCT=high-resolution computed tomography; ILD= interstitial lung
disease; RA= rheumatoid arthritis.
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3. Results

3.1. Elevated Wnt5a protein in the plasma of RA-ILD patients

To determine whether Wnt5a protein was correlated with ILD ac-
tivity, plasma concentration of Wnt5a was evaluated in RA patients
with and without ILD. More abundant plasma Wnt5a protein was found
in RA-ILD patients (3.04 ± 0.50 ng/mL) than that of non-ILD RA co-
horts (2.05 ± 0.22 ng/mL) (p=0.0354) (Fig. 3A). In addition, even
higher plasma Wnt5a level was determined in moderate-RA-ILD pa-
tients (4.26 ± 0.92 ng/mL) compared with non-ILD RA cohorts
(2.05 ± 0.22 ng/mL) (p=0.0052), and mild RA-ILD patients
(2.14±0.47 ng/mL) (p=0.0219) (Fig. 3A). In addition, 27.5% (11/
40) of RA-ILD patients and 4.8% (2/41) of RA cohorts were positive for
Wnt5a, as determined using a cutoff of two standard deviations above
the mean Wnt5a level in plasma of RA cohorts (p < 0.000).

3.2. Correlation between Wnt5a protein and RF in RA-ILD patients

The above data showed that plasma Wnt5a protein was more
abundant in RA-ILD patients in comparison with that in RA patients

without ILD, the correlation of Wnt5a protein and serologic features
were analyzed. Interestingly, the Wnt5a protein was positively corre-
lated with RA serological marker RF (r=0.4630, p=0.0026) (Fig. 3B).
Further correlation analysis was performed for determination of the
correlation coefficients of Wnt5a with other clinical serological bio-
markers, including ESR, CRP, AKA, anti-CCP and LDH. The correlation
coefficients between Wnt5a and ESR, Wnt5a and CRP, and Wnt5a and
LDH were respective r=0.1463 (p=0.3676) (Fig. S2A), r=0.2387
(p=0.1380) (Fig. S2B) and r=−0.1235 (p=0.4487) (Fig. S2C). No
difference was detected between AKA positive and AKA negative (Fig.
S3A), CCP positive and CCP negative in these patients (Fig. S3B).

3.3. Correlation of Wnt5a with clinical characteristics of RA-ILD patients

To determine whether Wnt5a protein was associated with demo-
graphic characteristics, serologic features, clinical features, or current
treatments within the RA-ILD population, patients were grouped ac-
cording to their Wnt5a protein status and variables collected at their
baseline visit were compared (Table 1). 81.8% of Wnt5a positive was
detected in current smokers and/or ex-smokers, this portion was sig-
nificantly higher than those in the Wnt5a protein negative group

Fig. 2. Representative HRCT images with various severity of ILD and scoring criteria. (A–C) The severity of ILD was determined by senior radiologists based on
the diagnostic criterion of HRCT images for no-ILD, mild-ILD and moderate-ILD. A. A representative HRCT image of no-ILD. B. A representative HRCT image of mild-
ILD. C. A representative HRCT image of moderate-ILD. (D–F) An example of the mild honeycombing in the study represented axial HRCT images of a 59-year-old
female with RA-UIP. D. Upper zone, at the level of the aortic arch. Pleural plaques was graded as score 1 on the right side and score 1 on the left, thus giving a total
score of 2 for Pleural plaques in this zone. E. Middle zone, between the aortic arch and pulmonary veins. Honeycombing was graded as score 1 on the both sides,
making the total honeycombing score to 2 at this point. F. Lower zone, below pulmonary veins. Honeycombing was graded as 2 on the both sides. In a total
honeycombing score of 6, reflecting the extent of honeycombing. Magenta: pleural plaques; Red: honeycombing. (G–I). An example of the moderate honeycombing in
the study represented axial HRCT images of a 58-year-old male with RA-UIP. G. Upper zone, at the level of the aortic arch. Emphysema was graded as score 2 on the
both sides. Traction bronchiectasis and Honeycombing were graded as 1 and 4 on the right side, respectively. Thus giving a total score of 9 in this zone. H. Middle
zone, between the aortic arch and pulmonary veins. Emphysema was graded as score 2 on the left side and 1 on the right side. Traction bronchiectasis and
Honeycombing were graded as 1 and 4 on the right side, making the total score to 8 at this point. I. Lower zone, below pulmonary veins. Both of emphysema and
reticulation were graded as score 1 on the left side. Honeycombing and traction bronchiectasis were graded as 4 and 2 on the right side, respectively. In a total
honeycombing score of 12, reflecting the extent of honeycombing. Yellow: emphysema; Green: traction bronchiectasis; Red: honeycombing; Blue: reticulation (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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(44.8%) (p=0.036) (Table 1). Of note, the respective concentrations of
plasma Wnt5a protein were 3.81 ± 0.81 and 2.11 ± 0.34 ng/mL in
RA-ILD smokers and never-smokers (p=0.0462) (Fig. 4A); Moreover,
the plasma Wnt5a protein was also correlated with the smoking dura-
tion, patients with a longer smoking duration (24.78 ± 3.78 yrs) were
more likes with plasma Wnt5a protein relative to those with a un-
detectable Wnt5a protein (15.69 ± 2.66 yrs) (p=0.0402) (Fig. 4B).
However, there was no significant difference in plasma Wnt5a protein
was detected between RA-UIP smokers and never-smokers (Fig. S4A),
and smoking duration was no correlation between RA-UIP patients with
positive Wnt5a protein and negative Wnt5a protein (Fig. S4B). In ad-
dition, the titers of C-reactive protein (CRP) in RA-ILD patients with
positive Wnt5a protein and negative Wnt5a protein were
76.89 ± 16.78 and 36.64 ± 7.85mg/dl, respectively. Suggesting that
CRP was significantly associated with positive Wnt5a protein
(p=0.0049). There was no significant correlation of frequencies of
other serologic features, current treatments or clinical features to
plasma Wnt5a protein was detected (Table 1).

3.4. Circulating Wnt5a protein correlates the progression of RA-ILD

In order to determine whether plasma Wnt5a protein was correlated

Fig. 3. Correlations of Wnt5a protein and other risk factor
in RA-ILD patients. A. The plasma concentration of Wnt5a
protein in RA patients with and without ILD. The concentration
of Wnt5a protein was determined in sera of RA patients with
and without ILD by an ELISA. Statistical differences were found
between RA and RA-ILD patients (Left panel, p=0.0354), RA
and Moderate-RA-ILD patients (Right panel, p=0.0052),
moderate-RA-ILD and Mild-RA-ILD patients (Right panel,
p=0.0219). No statistical difference was detected between RA
and Mild-RA-ILD patients (Right panel, p=0.163). More
abundant Wnt5a protein was detected in Moderate-RA-ILD
patients relative to RA and mild-RA-ILD patients, and the
highest concentration of Wnt5a protein was determined in
moderate-RA-ILD patients. B. A positive correlation between
Wnt5a protein and RF was detected by Spearman test. The
cutoff for Wnt5a positivity in A was indicated (—) at 2-stan-
dard-deviations above the mean of the RA samples. **:
p < 0.01; ***: p < 0.001. Data represent the mean ± SEM in
each group. Spearman r and p values were displayed on graph
(r=0.4630, p=0.0026, N=40) in B.

Table 1
Characteristics of RA-ILD patients according to Wnt5a protein status.

Patient characteristics Wnt5a negative
(n=29)

Wnt5a positive
(n=11)

p-value

Demographic features
Ethnics (Chinese Han) 28 (96.6) 10 (90.9) 0.465
Age (mean ± SD) (yrs) 60.14 ± 1.67 61.09 ± 3.88 0.3961
Gender (male/female)

(%female)
12 (41.4) 5 (45.5) 0.816

RA duration
(mean ± SD)
(range, yrs)

9.16 ± 1.88 12.64 ± 3.15 0.1625

Current/ever-smoker 13 (44.8) 9 (81.8) 0.036

Serologic features
AKA (+) number (%) 10 (34.4) 3 (27.3) 0.664
RF (IU/ml) 597.88 ± 214.30 196.5 ± 71.2 0.1212
Anti-CCP (+) number

(%)
27 (93.1) 9 (81.8) 0.288

ESR (mm/h) 53.55 ± 5.38 56.90 ± 8.51 0.3764
CRP (mg/dl) 36.64 ± 4.85 76.89 ± 16.78 0.0049
LDH (U/l) 237.42 ± 25.01 306.44 ± 118.30 0.2111

Current treatments
NSAIDs 6 (20.1) 2 (18.2) 0.859
Glucocorticoids 3 (10.3) 1 (9.1) 0.906
MTX 7 (24.1) 1 (9.1) 0.288
DMARDs including

MTX
14 (48.3) 6 (54.5) 0.723

CLINICAL FEATURES
RA duration

(mean ± SD) (yrs)
9.16 ± 1.78 12.64 ± 13.15 0.1625

DAS28 score 5.25 ± 0.62 5.50 ± 0.97 0.4195
Cough 27 (93.1) 10 (90.9) 0.814
Sputum 9 (31.0) 4 (36.4) 0.748
Dyspnea 26 (89.7) 8 (72.7) 0.181
Chest congestion 7 (24.1) 2 (18.2) 0.687
Dry rale 20 (69.0) 5 (45.5) 0.170
Bluish skin tinge 3 (10.3) 0 (0.0) 0.267
Clubbing 2 (6.9) 0 (0.0) 0.276

AKA: anti-keratin antibody; CCP: Cyclic citrullinated; CRP: C-reactive protein;
LDH: Lactic dehydrogenase; DMARDs: disease-modifying anti-rheumatic drugs;
DAS 28: 28-joint Disease Activity Score; ESR: Erythrocyte sedimentation rate;
RA: Rheumatoid arthritis; RF: Rheumatoid factor.

Fig. 4. Wnt5a protein was associated with smoking in RA-ILD patients. A.
The concentration of plasma Wnt5a protein in RA-ILD smoker and RA-ILD
Never-smoker. Statistical differences were found between RA-ILD smoker and
RA-ILD Never-smoker (p=0.0462). B. Smoking duration in Wnt5a positive and
Wnt5a negative patients. Statistical differences were found between Wnt5a
positive patients and Wnt5a negative patients (p=0.0402). More abundant
plasma Wnt5a protein was detected in RA-ILD smoker relative to RA-ILD Never-
smoker. Longer smoking duration was observed in Wnt5a positive in compar-
ison with Wnt5a negative patients.
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with the progression of disease severity, the clinical ILD patterns were
first classified. 18 of 40 (45%) patients with imaging features of ILD
were UIP, 9 of 40 (22.5%) cases were NSIP, 6 of 40 (15%) cases were
OP, and the rest 7 (17.5%) cases were other ILD pattern, as determined
by HRCT imaging (Fig. 5A). HRCT imageological analysis further re-
vealed that reticulation (34/40, 85.0%) and pleural thickening (29/40;
72.5%), as well as intralobular septal thickening (30/40, 70.0%) were
the most predominant patterns, followed by GGO (25/40, 62.5%) and
honeycombing opacity (24/40, 60.0%), subpleural lines (24/40,
60.0%), traction bronchiectasis (18/40, 45%), cyst formation (17/40,
42.5%), centrilobular nodularity (13/40, 32.5%), mediastinal nodal
enlargement (8/40, 20.0%), and pulmonary hypertension (4/40,
10.0%) (Fig. 5B). Results showed that the plasma Wnt5a concentrations
were 5.12 ± 0.85 ng/mL, 1.17 ± 0.22 ng/mL, 2.24 ± 0.55 ng/mL
and 0.78 ± 0.26 ng/mL for RA patients with UIP, NSIP, OP and other
ILD pattern, respectively. Interestingly, more abundant Wnt5a protein
was detected in the plasma of UIP patients relative to NSIP patients
(p=0.0018), which was also higher in comparison with those patients

Fig. 5. CT-c or HRCT findings in RA patients with ILD. A. The HRCT image
patterns were determined according to the diagnostic criterion for ILD. The
proportions of UIP pattern (45%, n=18), NSIP pattern (22%, n=9), OP
pattern (15%, n=6) and other ILD pattern (17.5%, n=7) were determined in
RA-ILD patients (N=40). B. The proportion of the ILD HRCT image patterns in
patients with RA-ILD.

Fig. 6. Association of Wnt5a protein with the severity of RA-ILD. A. The plasma concentrations of Wnt5a protein in RA-ILD patients with different HRCT image
patterns of ILD. The concentration of Wnt5a protein in UIP, NSIP, OP and patients with other ILD patterns. Statistical difference was detected between UIP and NSIP
patients (p=0.0018), UIP and patients with other ILD patterns. No Statistical differences were determined between UIP and OP (p=1.141), NSIP and OP
(p=1.321), OP and other ILD patterns (p=1.221). B. The mean HRCT-UIP score is shown according to Wnt5a protein status. Statistical differences were found
between Wnt5a positive and Wnt5a negative patients (p=0.0440). The higher HRCT-UIP score was observed in Wnt5a positive relative to Wnt5a negative patients.
C. ROC curve for Wnt5a in rheumatoid arthritis-usual interstitial pneumonia.
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with other pattern (p=0.0024). However, no difference was detected
in the plasma Wnt5a protein concentration between UIP and OP pa-
tients, NSIP and OP patients, OP and patients with other ILD patterns
(Fig. 6A). Of interest, the UIP pattern was predominantly observed in
the Wnt5a positive group (10 out of the 18 UIP patients, 55%) over the
Wnt5a negative patients (8 of 18 UIP, 45%). Equally noteworthy, the
abundance of Wnt5a protein was associated with the score of HRCT-
UIP. The HRCT-UIP score in Wnt5a positive patients was higher com-
pared to those with undetectable Wnt5a protein (11.30 ± 2.58 vs
5.50 ± 1.49; p=0.0440, Fig. 6B).

3.5. Clinical significance of Wnt5a protein the identification of RA-ILD
patients

More abundant plasma Wnt5a protein was found in RA-ILD patients
than in non-ILD RA patients, which was even higher in RA-UIP patients
than those with RA-NSIP and other ILD pattern. Of note, the HRCT-UIP
score was higher in patients with detectable Wnt5a protein in plasma
compared to those who with undetectable Wnt5a, suggesting that the
Wnt5a could sever as an index for accessing the severity of UIP in RA
patients. To evaluate the significance of the Wnt5a protein in clinical
settings, we analyzed the sensitivities and specificities of these circu-
lating factors in identified RA patients with UIP (Fig. 6C). The area
under the curve (AUC) was 0.753 (SE: 0.075; range: 0.606–0.901;
sensitivity: 0.556; specificity: 0.049) for Wnt5a protein. Interestingly,
the multiple-factor non-conditional logistic regression analysis of im-
pacts on RA-ILD suggested that plasma Wnt5a, age, RA duration and
smoking were clinically significant factors for RA-ILD (Table 2). These
results thus imply that the plasma Wnt5a protein may be an in-
dependent biomarker for the identification of UIP in RA patients, which
can be an independent biomarker candidate for evaluating disease se-
verity and progression of UIP in RA patients.

4. Discussion

In the present report, we examined Wnt5a protein in plasma of RA-
ILD patients, and identified that plasma Wnt5a had a strong association
with the severity and progression of UIP in RA patients with ILD re-
lative to non-ILD. Even higher Wnt5a level in plasmas of RA patients
with moderate ILD and UIP, in comparison with those with mild ILD
and other patterns of ILD including NSIP and other undefined pheno-
types, respectively. Intriguingly, the increased plasma Wnt5a in RA-ILD
patients was positively correlated with rheumatoid factor (RF), and
HRCT-UIP score. Additionally, a higher level of plasma Wnt5a protein
was associated with smoking status in RA-ILD patients. Multiple-factor
non-conditional logistic regression analysis suggested that the age, RA
duration, smoking status and Wnt5a were clinically significant risk
factors in RA-ILD. ROC curves further demonstrated that the plasma
Wnt5a was a potential biomarker for the identification of severity and
UIP in RA patients. This study thus implies that the circulating Wnt5a
protein may be a valuable biomarker for identifying UIP and accessing
the severity and progression of ILD in RA patients.

An early identification of pulmonary manifestations in RA patients
has an importantly clinical significance for guiding treatments. As one
of the most crucial signaling pathways in the morphogenesis and injury
repair, an aberrant activation of non-canonical Wnt signaling has a
strong implication in the pathogenesis of many diseases (Nusse, 2005).

In this context, several key molecules in this signaling cascade have
been identified to contribute to the pathogenesis of diseases
(Abdelhamed et al., 2015; Ackers and Malgor, 2018; Uehara et al.,
2018). Amongst these, the Wnt5a was one of the most extensively
studied signaling molecules in both lung and autoimmune diseases
(Pashirzad et al., 2017).

The Wnt5a, a representative ligand that activates non-canonical
Wnt signaling in regulation of cell migration and polarity during em-
bryonic morphogenesis, which is normally down-regulated in adult
tissues. Owing to its pivotal role in embryonic morphogenesis, Wnt5a
has thus been implicated in osteoclast dysregulation in RA. An in-
creased Wnt5a concentration was detected in the synovium in patients
with RA and osteoarthritis (OA) (Sen et al., 2000), and an inhibition of
Wnt5a was able to reduce the proliferation of synovial fibroblasts de-
rived from RA patients (Sen et al., 2001). In addition, a recent study
showed the delivery of a soluble form of receptor-tyrosine orphan re-
ceptor 2 (ROR2), a candidate decoy receptor for Wnt5a, led to reduced
radiographic severity of collagen-induced arthritis (CIA) murine model
(Maeda et al., 2012). These data underscored the potential clinical
value of Wnt5a in the pathogenesis of RA.

In the lung, the Wnt5a-induced non-canonical Wnt signaling is cri-
tical for pulmonary capillary patterning (Li et al., 2002), alveolar epi-
thelial cell (AEC) differentiation (Ghosh et al., 2013), smooth muscle
cell (SMC) function (Kumawat et al., 2013) and lung fibroblasts
(Boucherat et al., 2007). With respect to lung fibroblasts, Wnt5a and
Fzd1 were increased from postnatal day 2 (PN2) to PN7 fibroblasts in
rat lungs, which were correlated with the stages before and during al-
veolar formation, respectively (Boucherat et al., 2007). Of great in-
terest, Wnt5a exhibited potentials to promote cell proliferation, in-
crease fibronectin expression and inhibit H2O2-induced apoptosis in
lung fibroblasts. Therefore, the aberrant activation of Wnt5a-mediated
non-canonical Wnt signaling may be instrumental in promoting lung
diseases. In the present study, positive correlations between plasma
Wnt5a and RF and HRCT-UIP score were also detected in RA-ILD pa-
tients in clinical settings. More interestingly, the concentration of
Wnt5a protein was even higher in RA patients with UIP pattern of lung
disease in comparison with who had NSIP or other ILD patterns. Con-
sistently, the ROC curve also suggested that the plasma Wnt5a protein
could be considered as a positive biomarker for the identification of
UIP, and severity and/or progression of UIP in RA patients. Of note, less
abundant plasma Wnt5a protein was found in patients with an OP
pattern of ILD (Fig. 6A). Given the fact of that OP is an independent
pattern different from UIP, as well as a small size of OP samples (6)
analyzed in this study, this observation is required for further in-
vestigate with larger sample sizes.

Several lines of evidences have demonstrated that aging, male,
smoking, increased RF and anti-CCP antibody are predictors for the
development of RA-ILD (Dawson et al., 2002; Sathi et al., 2011). In-
deed, smokers were reported at higher risk of developing lung diseases,
which was associated with numerous molecular signaling pathways,
including the non-canonical Wnt signaling (Vassallo, 2012). For in-
stance, the cigarette smoke could induce Wnt5a-coupled PKC activity
during lung carcinogenesis, which subsetantially induced Akt activity
and anti-apoptosis in lung cancer (Whang et al., 2013). In line with
these findings, more abundant Wnt5a protein was in plasmas of RA-ILD
smokers than RA-ILD never-smokers, and the abundance of Wnt5a was
strongly correlated with longer smoking duration in RA-ILD patients.

Table 2
Multiple-factor non-conditional logistic regression analysis of the impact of serological factors on RA-ILD.

Male Age RA duration Smoking RF LDH ESR AKA Anti-CCP CRP Wnt5a

WALD 02.328 9.993 5.643 7.486 0.042 1.989 0.079 3.705 2.359 0.569 5.836
P 0.127 0.002 0.018 0.006 0.837 0.158 0.779 0.054 0.125 0.451 0.016
OR 4.629 1.131 1.182 15.926 1.000 1.004 0.995 7.183 5.620 1.016 2.285
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Consistently, multiple-factor non-conditional logistic regression ana-
lysis also defined that the smoking status was a risk factor in develop-
ment of ILD in RA patients.

Apart from the RF, several serological indexes, such as erythrocyte
sedimentation rate (ESR) and cyclic citrullinated peptide antibodies
(CCPA) also were reported to have diagnostic values for ILD in RA. For
instances, an association between RA-ILD and increased ESR was de-
tected in a group of 52 RA-ILD patients (Koduri et al., 2010), such an
association was also identified CCPA and RA-ILD (Inui et al., 2008;
Korkmaz et al., 2006). In agreement with their findings, positive cor-
relations between the plasma Wnt5a protein and plasma RF and C-re-
active protein (CRP) were detected in this study.

Histologically, distinct patterns of ILD have been originally defined,
among which the UIP is the most frequent pattern in RA-ILD (Kelly
et al., 2014). RA-ILD patients with UIP pattern appear to have a distinct
clinical phenotype compared to those with other patterns. Patients with
a UIP pattern were found to usually correlate to older, male, less re-
sponsiveness to conventional treatment, and a shortened survival time
in RA-ILD patients (Kim et al., 2010; Lee et al., 2005; Nannini et al.,
2008). Of note, the UIP was the prevalent ILD pattern in RA patients in
this study, and the plasma Wnt5a had a stronger association with the
UIP pattern than NSIP and other ILD patterns in RA-ILD patients. This
was further supported by HRCT finding, i.e. the clinical HRCT-UIP score
was higher in patients with detectable plasma Wnt5a protein compared
to those with negative Wnt5a. Clinically, the most common abnormal
chest radiological findings were reticulation, pleural thickening and
intralobular septal thickening in this study, which was in line with the
report from a recent study of 60 RA-ILD patients (Nurmi et al., 2018).
They also found that the primary radiologic features of RA-ILD were
reticular opacity, pleural thickening, GGO and intralobular septal
thickening (Nurmi et al., 2018).

Collectively, this study analyzed the correlation of plasma Wnt5a
protein and other serological biomarkers and clinical manifestations in
40 RA-ILD patients. More abundant Wnt5a protein was observed in RA-
ILD patients compared with non-ILD RA patients, which was positively
correlated with circulating RF. More importantly, the plasma Wnt5a
concentration was correlated with the severity of UIP. In this regard,
more abundant Wnt5a protein was detected in UIP patients than NSIP
and other patients. Notably, such a higher level of Wnt5a protein was
tightly associated with HRCT-UIP score in clinical settings. The ROC
curve further revealed that the circulating Wnt5a was as a positive
biomarker for the identification of UIP in RA patients. These data
suggest that the Wnt5a protein may a serological biomarker for pre-
dicting the presence, severity and/or progression of RA-UIP, which
warrants further investigation in clinical settings. However, there were
several limitations in this study. First, the relatively small number of
patients was included in this study, which limited our power to detect
statistical differences in different lung imaging patterns. Second, clin-
ical features lack of follow-up data such as a lack of pulmonary function
and/or BALF testing. Third, most RA-ILD patients do not undergo sur-
gical lung biopsy to confirm the pathological type. Fourth, we were
unable to determine the ELISA kit’s precise sensitivity. These limita-
tions may partially explain the discrepancies between our study and
other studies. Therefore, these findings require further confirmation in
a larger and more selected population in the future.
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