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The serum level and significance of lysyl oxidase-like 2 in patients
with rheumatoid arthritis-associated interstitial lung disease
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Abstract Our previous experiments found that lysyl
oxidase-like 2 (LOXL2) may be a useful preclinical sero-
logical marker for pulmonary fibrosis in the mouse model.
The role of LOXL2 in rheumatoid arthritis-associated inter-
stitial lung disease (RA-ILD) is still unclear. We investigat-
ed whether serum LOXL2 levels are associated with RA-
ILD patients. The levels of serum LOXL2 were measured
by enzyme-linked immunosorbent assay in 49 RA-ILD pa-
tients (21 patients with ILD disease duration < 3 months; 28
patients with ILD disease duration > 3 months), 43 RA pa-
tients without ILD and 20 normal healthy controls. We
assessed the correlations between the serum LOXL2 levels
and clinical variables. SerumLOXL2 levels were significant-
ly higher in RA patients than in normal healthy controls
(326.79 ± 192.56 vs. 53.27 ± 35.86 pg/ml, P < 0.01). No
significant difference was present between the RA-ILD group
and RA without ILD group (298.87 ± 219.85 vs.
358.60 ± 152.16 pg/ml, P = 0.13). Notably, the serum
LOXL2 levels were significantly higher in patients with ILD
disease duration < 3 months than in those with ILD disease
duration > 3 months (462.71 ± 208.97 vs. 175.99 ± 130.55 pg/
ml, P < 0.01) or without ILD (462.71 ± 208.97 vs.
358.60 ± 152.16 pg/ml, P = 0.03). The serum LOXL2 levels
in RA-ILD patients significantly correlated with DAS28
(rs = 0.31, P = 0.034), C-reactive protein (rs = 0.41,
P = 0.004), rheumatoid factor (rs = 0.41, P = 0.003), forced
vital capacity (rs = − 0.39, P = 0.02), and diffusion capacity of
the lung for carbonmonoxide (rs = − 0.44, P = 0.009). LOXL2

may be involved in the pathogenesis of rheumatoid arthritis-
associated interstitial lung disease and might be helpful in
early diagnosis of RA-ILD.
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Introduction

Rheumatoid arthritis (RA) is a systemic, chronic, and autoim-
mune disease. Interstitial lung disease (ILD) is one of the most
common extra-articular manifestations among patients with
RA [1]. The estimate of prevalence and incidence of RA-
ILD is variable and depends on the diagnostic method and
selected population [2–4]. Our previous study found that
237 (237/595, 39.8%) patients had interstitial lung disease in
595 rheumatoid arthritis patients [4]. Poor prognosis has been
shown in RA-ILD patients; a recent large population-based
study revealed that the risk of death for RA-ILD was three
times higher than in RA patients without ILD [1]. Early diag-
nosis is of great value in the treatment of RA-ILD.

Lysyl oxidase-like 2 (LOXL2) belongs to the lysyl oxidase
family, and LOXL2’s function is similar to lysyl oxidase in the
extracellular matrix (ECM) deposition by promoting cross-
linking of collagen in the pathological stroma. LOXL2 protein
expression is minor in healthy lung and liver tissue, but
strongly expressed in idiopathic pulmonary fibrosis lung tis-
sue and fibrotic liver [5–8]. Furthermore, LOXL2 has been
thought to regulate fibrosis disease-associated extracellular
and intracellular cell signaling pathways [9]. The previous
research also described that higher baseline serum LOXL2
levels are associated with increased risk for disease progres-
sion in two IPF cohorts [10].
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However, the role of lysyl oxidase-like 2 in rheumatoid
arthritis-associated interstitial lung disease patients is still un-
known. Our previous experiments found that lysyl oxidase-
like 2 (LOXL2) may be a useful preclinical serological marker
for pulmonary fibrosis in the mouse model. We hypothesized
that serum LOXL2 has an early diagnostic value for rheuma-
toid arthritis with interstitial lung disease. This study was de-
signed to investigate the relationship between serum LOXL2
levels and RA-ILD.

Patients and methods

We performed a cross-sectional study involving patients who
receivedmedical care at Chao-Yang Hospital, Capital Medical
University. The patients were enrolled in our study consecu-
tively during October 2015 to December 2016. The diagnosis,
classification, clinical data and serum collection of each pa-
tient were collected at the same time.

The inclusion criterion for this study was the fulfillment
of 2010 ACR-EULAR classification criteria for RA [11].
Exclusion criteria were other autoimmune and infectious
diseases, neoplasm, and lung surgery. The medical records
of the cases were obtained from the medical record data-
base. Demographic characteristics, clinical features, in-
spection, and test data were extracted from the database.
The research received ethical approval from Ethics
Committee in Chao-Yang Hospital, Capital Medical
University, and the principles of the Declaration of
Helsinki were followed throughout the study. All partici-
pants gave written informed consent.

Taking clinical manifestation and chest HRCT results into
consideration, a workgroup which included an experienced
rheumatologist and radiologist comprehensively assessed the
absence/presence of RA-ILD. RA-ILD was divided into two
forms: ILD disease duration < 3 months and ILD disease du-
ration > 3 months. Forty-nine patients with RA-ILD and 43
patients with RA without ILD were enrolled, and sera were
obtained from these patients. Control sera were obtained from
healthy staff members (n = 20).

Pulmonary function tests

All tests were performed according to American Thoracic
Society standards/European Respiratory Society guidelines
[12], using Master Screen PFT System (JAEGER,
Germany). The results were expressed as percentages of pre-
dicted values.

High-resolution computed tomography

All patients had completed HRCT imaging scan of chest,
using 1–2-mm-thickness cuts. HRCT scans were obtained

with multi-detector CT scanners, including the Light-speed
VCT 64-slice multi-detector CT (MDCT) system (GE
Healthcare, Little Chalfont, UK), 64-channel dual source CT
system (Somatom Definition, Siemens, Germany), the 256-
slice MDCT (Brilliance iCT, Philips Medical Systems,
Netherlands), and the 16-slice MDCT system (Somatom
Emotion, Siemens, Germany). The scans were performed dur-
ing end inspiration in the supine positions, and those images
were evaluated in a blinded manner by two experienced in-
vestigators [13].

Measurement of LOXL2

The serum LOXL2 levels were determined using enzyme-
linked immunosorbent assay (ELISA) kits (catalog number
CSB-EL013041HU, CUSABIO, China) according to the
manufacturer’s protocol. Briefly, calibrators, control sera,
and patients’ sera (stored samples) were prepared and incu-
bated with a mouse monoclonal antibody against LOXL2
adsorbed onto the microtiter plate wells. After washing, a
mouse monoclonal antibody against LOXL2 conjugated to
horseradish peroxidase was added, followed by a second
washing step and the addition of tetramethylbenzidine sub-
strate. The reaction was terminated by the addition of 2 N
sulfuric acid. The absorbance was measured in a microtiter
plate reader (Thermo Fisher Scientific, Waltham, MA,
USA) set to 450 nm. The assay range was 37.5 to
2400 pg/ml.

Statistical analysis

Analyses were performed by SPSS19.0 (SPSS Inc., Chicago,
IL, USA) software. All P values were 2-tailed and P < 0.05
was considered to be statistically significant. Continuous var-
iables were presented in terms of the mean and standard devi-
ation for normally distributed data or the median (P25, P75) for
non-normally distributed data. Categorical variables were in-
dicated as percentages. Continuous variables were compared
using the Student’s t test or Mann-WhitneyU test. Categorical
variables were compared with the Chi-square test or Fisher’s
exact test when the expected values were below 5. The rela-
tionships between serum LOXL2 levels and other continuous
variables were analyzed using Pearson or Spearman’s rank
correlation.

Results

Serum LOXL2 levels were markedly elevated in RA
patients with ILD disease duration < 3 months

A total of 92 RA inpatients were identified in this study (49
patients with RA-ILD and 43 patients with RA without
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ILD). Sixty patients were female and 32 patients were
male. The age of the RA patients was 62.70 ± 11.54 years
old, and ranged in age from 33 to 95 years. Among the
normal health controls (NHCs), 12 were women and 8
were men. The age of the NHCs was 39.15 ± 12.65 years
old. There were significant differences between patients
with RA and NHCs in terms of age. The NHCs ranged in
age from 18 to 60 years. So, we divided the 49 RA-ILD
patients into two groups by the age of 60 years: group 1
(less than 60 years old, n = 16) and group2 (above 60 years
old, n = 33). The age of the two groups were 51.93 ± 6.31
and 70.93 ± 8.62, respectively, yet no statistic difference of
serum level of LOXL2 was found (221.39 ± 192.85 vs.
336.43 ± 224.97 pg/ml, P = 0.086). Moreover, correlation
analysis shows there was no significant correlation be-
tween serum LOXL2 levels and age in all participants (rs
0.13, P = 0.22).

To investigate the association of serum LOXL2 levels with
RA, we first compared LOXL2 levels between 92 patients
with RA and 20 normal healthy controls (NHCs) by using
ELISA (Fig. 1). Serum LOXL2 levels were significantly
higher in RA patients than in NHCs (326.79 ± 192.56 vs.
53.27 ± 35.86 pg/ml, P < 0.01). Considering RA is usually
complicated with ILD, we next compared serum LOXL2
levels among RA patients with ILD (n = 49, ILD disease
duration < 3 months (n = 21) and ILD disease duration >
3 months (n = 28)) and those without ILD (n = 43). And no
significant difference was presented between the RA-ILD
group and RA without ILD group (298.87 ± 219.85 vs.
358.60 ± 152.16 pg/ml, P = 0.13). However, the serum
LOXL2 levels were significantly higher in patients with
ILD disease duration < 3 months than in those with ILD
disease duration > 3 months (462.71 ± 208.97 vs.
175.99 ± 130.55 pg/ml, P < 0.01) or without ILD
(462.71 ± 208.97 vs. 358.60 ± 152.16 pg/ml, P = 0.03)
(Fig. 1).

Comparison of clinical manifestations among three
groups: ILD disease duration < 3 months, ILD disease
duration > 3 months and RAwithout ILD

We compared clinical manifestations among the three groups:
ILD disease duration < 3 months, ILD disease duration >
3 months, and RA without ILD (Table 1). There were no
significant differences among all the subsets in terms of age
and sex. As for the duration of RA, it lasted dramatically
shorter in patients with ILD disease duration < 3 months than
that ILD disease duration > 3 months. Although ESR levels
showed no significant difference among all the subsets,
CRP levels were significantly higher in RA patients with
ILD disease duration < 3 months than in those with ILD
disease duration > 3 months (P < 0.05). In our study, the
anti-CCP antibody titres were high and had no statistical
differences among all the subsets. Compared to RAwithout
ILD, higher level of RF was observed in RA with ILD
disease duration < 3 months patients (P < 0.05). The levels
of IgG, IgM and IgA have no significant difference between
all the subsets. Although DAS28 tended to be lower in RA
patients with ILD disease duration >3 months, no signifi-
cant difference has shown. The frequency of usual intersti-
tial pneumonia (UIP) pattern in HRCT was higher in RA
patients with ILD disease duration > 3 months (13/28,
46.43%, and 8/21, 38.10%), but there was no significant
difference between the two groups (Table 1).

Only 34 participants had pulmonary function test results.
Thirteen of 34were RAwith ILD disease duration < 3months,
and the other 21 were RA with ILD disease duration >
3 months patients. Comparison of pulmonary function param-
eters between the two groups showed that no significant dif-
ference was observed in the percent of the predicted value of
forced vital capacity (FVC) and diffusion capacity of the lung
for carbon monoxide (DLCO). In total, 35 patients with RA
(35/92, 38.04%) were treated with a combination of

Fig. 1 Serum lysyl oxidase-like 2 levels were elevated in rheumatoid
arthritis-associated interstitial lung disease patients with ILD disease
duration < 3 months. Serum lysyl oxidase-like 2 (LOXL2) levels in 49
RA-ILD patients (21 patients with ILD disease duration < 3 months; 28
patients with ILD disease duration > 3 months), 43 patients without

interstitial lung disease (ILD) and 20 normal healthy controls (NHCs)
are shown, as measured by enzyme linked immunosorbent assay. The
serum LOXL2 levels in patients with ILD disease duration < 3 months
were significantly higher
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glucocorticoid and disease-modifying anti-rheumatic drugs
(DMARDs). The frequency of treatment with a combination
of glucocorticoid and DMARDs was higher in RA patients
with ILD disease duration < 3 months (9/21, 42.86%), where-
as there were no significant differences among all the subsets
in terms of treatment (Table 1).

Correlation between serum LOXL2 levels and clinical
variables in patients with RA-ILD

The serum LOXL2 levels in RA-ILD patients correlated with
DAS28 (rs = 0.31, P = 0.034). Meanwhile, serum LOXL2
levels showed a significantly positive correlation with serum
levels of C-reactive protein (rs = 0.41, P = 0.004) and

rheumatoid factor (rs = 0.41, P = 0.003). Serum LOXL2 levels
showed a negative correlation with pulmonary function param-
eters of FVC (rs = − 0.39, P = 0.02) and DLCO (rs = − 0.44,
P = 0.009). However, there was no significant correlation be-
tween serum levels of LOXL2 and ESR or Anti-CCP (Table 2).

Discussion

Our research results show that serum LOXL2 levels were
significantly elevated in RA patients with ILD disease dura-
tion < 3 months, suggesting that circulation LOXL2 may have
predictive value for ILD.

Table 1 Comparison of clinical
manifestations among rheumatoid
arthritis patients with ILD disease
duration < 3 months, ILD disease
duration > 3 months and without
interstitial lung disease

Variables ILD disease duration
< 3 months

ILD disease duration
> 3 months

RAwithout ILD

Number of patients 21 28 43

Age, year 65.86 ± 11.92 63.89 ± 12.14 61.51 ± 11.24

Female, n (%) 13 (61.90%) 17 (60.71%) 30 (69.77%)

Duration of RA, month 24.00 (7.50, 72.00) 70.50 (36.00, 120.00) ** 60.00 (12.00, 192.00) *

Duration of ILD, month 1.57 ± 0.68 22.21 ± 19.41 **

LOXL2, pg/ml 462.71 ± 208.97 175.99 ± 130.55 ** 358.60 ± 152.16 *

ESR, mm/h 38.52 ± 26.22 36.18 ± 26.83 38.12 ± 20.87

CRP, mg/dl 1.42 (0.76, 3.61) 0.85 (0.51, 2.29) * 1.43 (0.86, 4.22)

Anti-CCP, mg/dl 382.00 (140.05,
1213.10)

407.06 (182.81,
1271.46)

471.41 (108.30, 956.43)

RF, IU/ml 176.00 (38.20, 1360.00) 105.00 (29.00, 163.75) 89.80 (12.80, 213.00) *

IgG, mg/dl 1484.90 ± 419.40 1526.58 ± 737.45 1495.09 ± 539.19

IgM, mg/dl 163.40 ± 127.66 130.32 ± 68.74 120.48 ± 61.73

IgA, mg/dl 266.33 ± 123.21 313.44 ± 175.66 352.27 ± 195.57

DAS28 5.36 ± 1.77 4.89 ± 2.03 5.60 ± 1.31

Low disease activity
(1.6–3.2), n (%)

3 (14.28%) 7 (25.00%) * 2 (4.65%) *

Moderate disease activity
(3.2–5.1), (%)

5 (23.81%) 3 (7.89%) * 12 (27.91%)

High disease activity
> 5.1, n (%)

13 (61.90%) 18 (64.28%) 29 (67.44%)

RA-UIP 8 (38.10%) 13 (46.43%)

RA-non-UIP 13 (61.90%) 15 (53.57%)

FVC, % predicted 78.99 ± 18.65a 81.48 ± 21.05b

DLCO, % predicted 48.43 ± 16.97a 52.29 ± 19.01b

Glucocorticoid + DMARDs 9 (42.86%) 10 (35.71%) 16 (37.21%)

DMARDs 12 (57.14%) 18 (64.29%) 27 (62.79%)

Only 34 patients had pulmonary function test results: a 13 participants had pulmonary function test results in ILD
disease duration < 3months group; b 21 participants had pulmonary function test results in ILD disease duration >
3 months group

RA, rheumatoid arthritis; ILD, Interstitial lung disease; LOXL2, lysyl oxidase-like 2; ESR, erythrocyte sedimen-
tation rate; CRP, C-reactive protein; Anti-CCP, anti-cyclic citrullinated peptide; RF, rheumatoid factor; Ig G,
immunoglobulin G; Ig M, immunoglobulin M; Ig A, immunoglobulin A; DAS, disease activity score; RA-UIP,
usual interstitial pneumonia (UIP) pattern in high-resolution computed tomography (HRCT); FVC, forced vital
capacity; DLCO, diffusion capacity of the lung for carbon monoxide. DMARDs, disease-modifying anti-rheu-
matic drugs
*P < 0.05, **P < 0.01 compared with RAwith ILD disease duration < 3 months group
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The lysyl oxidase (LOX) family comprises five members:
lysyl oxidase (LOX) and four lysyl oxidase-like proteins
(LOXL1, LOXL2, LOXL3, and LOXL4). LOX is a copper
and lysine tyrosylquinone-dependent amine oxidase. LOXL2
has a similar biological function to LOX, which promotes
cross-linking of collagen in the pathological stroma, and plays
a crucial role in the extracellular matrix (ECM) deposition and
matrix remodeling [9]. The gene of LOXL2 was first discov-
ered in 1997, and the expression of LOXL2 was significantly
higher in placenta, prostate, and pancreas, but lower expres-
sion in lung, brain, skeletal muscle, and kidney. Previous re-
search reported that dysregulation of LOXL2 has been asso-
ciated with many diseases, including fibrosis, cancer, and pro-
oncogenic angiogenesis diseases [9, 10, 14]. Moreover,
LOXL2 were strongly expressed in idiopathic pulmonary
fibrosis lung tissue and fibrotic liver. Under pathological
conditions, activated fibroblasts can secrete large amounts
of LOXL2 [15], and inhibiting LOXL2 can effectively re-
duce the fibroblast activation, along with a declined level of
transforming growth factor-beta [5]. Recent studies demon-
strated that LOXL2 not only collaborates with Snail1 to
trigger epithelial-to-mesenchymal transition (EMT), but al-
so promotes FAK/Src pathway activation to support EMT
[14]. Meanwhile, the expression of LOXL2 can be regulat-
ed by transforming growth factor-beta, platelet-derived
growth factor, angiotensin II, retinoic acid, and fibroblast
growth factor [9].

In bleomycin-induced pulmonary fibrosis mouse model,
our research team found that LOXL2 was highly expressed
in the lung tissue, and serum LOXL2 levels were significantly
higher in the third day following bleomycin instillation. While
the histological examination of lung tissues at this time

showed as the early stage of alveolar inflammation, collagen
fibers stain was negative, and no obvious change in lung com-
puted tomography images (data not yet published). Those re-
sults indicate the elevation of serum LOXL2 level was earlier
than fibrosis pathological and radiological abnormal changes,
which provide a meaningful message that LOXL2 might be a
possible predictor for early alveolar inflammation in intersti-
tial lung disease. Our previous research also discovered that
LOXL2 levels of serum and lung tissue homogenate were
elevated in parallel, which revealed that lung tissue may be a
major source of circulation LOXL2 in pulmonary fibrosis dis-
ease. The results suggested that LOXL2 may be a sensitive
indicator for RA-ILD.

In current study, based on duration of ILD disease, RA-ILD
was divided into two forms: ILD disease duration < 3 months
and ILD disease duration > 3months. The LOXL2 levels were
significantly higher in patients with ILD disease duration <
3 months than in those with ILD disease duration > 3 months
or without ILD, which was consistent with the findings of
mouse model in our previous study. Previous research showed
that Wilson’s disease and primary biliary cirrhosis patients
express LOX and LOXL2 in hepatocytes, along with collagen
deposition around the hepatocytes. Especially inWilson’s dis-
ease, LOXL2 expression is up-regulated even before the onset
of fibrosis [7]. Thus, the authors speculated that LOX and
LOXL2 could be an early diagnostic marker for liver fibrosis
in Wilson’s disease. The early rise in serum LOXL2 levels
may be associated with pathogenesis of pulmonary interstitial
disease. The pathological process of interstitial lung disease
can be artificially divided into two stages: the early stage of
inflammatory immune response and the later stage of lung
fibrosis [16]. With the aggravation of pulmonary fibrosis, pa-
tients’ lung function was gradually deteriorated and
progressed to respiratory failure eventually. Patients with
ILD disease duration < 3 months may be mainly in the early
stage of interstitial lung disease, and the pathological changes
were alveolar inflammation. As a predictor of alveolar inflam-
mation, LOXL2 expression can up-regulate even before the
onset of fibrosis. Therefore, circulating LOXL2 could perhaps
be utilized for early diagnostic purposes in RA-ILD.

Interestingly, previous reports showed higher baseline
LOXL2 levels associated with increased risk for disease pro-
gression in two IPF cohorts [10]. We also found that serum
LOXL2 levels were correlated with rheumatoid factor, C-
reactive protein, FVC, and DLCO. Considering that LOXL2
may play an essential role in the pathogenesis of RA-ILD,
more comprehensive follow-up research could be fulfilled to
examine the prognostic potential of serum LOXL2 in the fu-
ture. It is possible that serum LOXL2 may enhance the predic-
tive value for RA-ILD, along with other promising CTD-ILD
biomarkers (e.g., KL-6, surfactant protein-A and D, chitinase-
3-like protein 1, or cytokines such as CCL18) [17], and might
have prognostic value for helping evaluate disease progression.

Table 2 Serum lysyl oxidase-like 2 levels in rheumatoid arthritis-
associated interstitial lung disease patients correlate with clinical variables
of interstitial lung disease

Variables rs P value

LOXL2 vs. DAS28 0.31 0.034

LOXL2 vs. ESR 0.24 0.096

LOXL2 vs. CRP 0.41 0.004

LOXL2 vs. Anti-CCP 0.17 0.25

LOXL2 vs. RF 0.41 0.003

LOXL2 vs. FVC − 0.39 0.02

LOXL2 vs. DLCO − 0.44 0.009

LOXL2, lysyl oxidase-like 2; DAS, disease activity score; ESR, erythro-
cyte sedimentation rate; CRP, C-reactive protein; Anti-CCP, anti-cyclic
citrullinated peptide; RF, rheumatoid factor; FVC, forced vital capacity;
DLCO, diffusion capacity of the lung for carbon monoxide

rs, correlation coefficient established employing Pearson and Spearman’s
correlation coefficients. Correlations between the serum LOXL2 levels
and DAS28, ESR, CRP, Anti-CCP, and RF are shown, as measured in 49
RA-ILD patients. Correlations between the serum LOXL2 levels and
FVC, DLCO are shown, as measured in 34 RA-ILD patients
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This study does have some inevitable limitations. The sam-
ple size of our study was small, and the study was designed
and enrolled the patients in a single medical care center. There
were potential confounding effects on serum LOXL2 levels in
RA patients, like treatment. Our research findings need to be
validated in distinct RA cohorts, and we will continue to ex-
plore the role of LOXL2 in the development of RA-ILD and
the value in the clinical application.

In conclusion, these results suggest that serum LOXL2
may play a role in the early stage of RA-ILD. Serum level
of LOXL2 is worthy of further investigation and might be
helpful in early diagnosis of RA-ILD.
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