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Objective. The increase in mortality in rheumatoid arthritis (RA) patients with interstitial lung disease (ILD) is well known. 
However, there are few studies on serum markers that can evaluate acute exacerbation or prognosis in RA-ILD patients. The 
purpose of this study was to identify the association between biomarkers and lung lesions in patients with RA-ILD. Methods. 
We analyzed 153 patients with serum samples in a prospective, multicenter cohort of Korean RA-ILD patients. The serum levels 
of biomarkers, matrix metalloproteinase (MMP-7), surfactant protein-D (SP-D), and Krebs von den Lungen-6 (KL-6) were meas-
ured and correlated with forced vital capacity (FVC), diffusing capacity for carbon monoxide (DLCO) and the results of com-
puted tomography (CT). CT results were interpreted semi-quantitatively according to the extent of lung lesions (grade 1, 0%∼

25%; grade 2, 26%∼50%; grade 3, 51%∼75%; grade 4, 76%∼100%). Results. MMP-7, SP-D, and KL-6 were negatively cor-
related with FVC (MMP-7, r=−0.267, p=0.001; SP-D, r=−0.250, p=0.002; KL-6, r=−0.223, p=0.006) and DLCO 
(MMP-7, r=−0.404, p＜0.001; SP-D, r=−0.286, p=0.001; KL-6, r=−0.226, p=0.007). In addition, MMP-7, SP-D, and KL-6 
tended to increase with higher grades of lung lesions on CT (MMP-7, p=0.013; SP-D, p＜0.001; KL-6, p＜0.001). Conclusion. 
MMP-7, SP-D, and KL-6 can be used to evaluate the functional and anatomical status of lung involvement in the RA-ILD patients. 
(J Rheum Dis 2021;28:234-241)
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INTRODUCTION

Rheumatoid arthritis (RA) has many extra-articular 
manifestations [1]. The prevalence of interstitial lung dis-
ease (ILD) in RA patients has been reported to range from 
1%∼58%, showing a large difference between studies 
[2]. This differs according to the definition and diagnostic 

method of ILD. Clinically evident RA-ILD occurs in ap-
proximately 10% of patients with RA [2,3]. Subclinical 
disease (no previous ILD diagnosis but interstitial lung 
abnormalities on computed tomography [CT]) is present 
in an additional 30% of individuals [3-5], with 34%∼

57% demonstrating radiologic progression over 1 to 2 
years [6,7]. Despite the development of drugs that con-
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trol articular manifestations of RA [8], ILD is the only 
complication of RA that is increasing in prevalence [1,2]. 
Furthermore, the mortality associated with RA-ILD has 
increased [3].
The pathogenesis of RA-ILD is not clear; however, it is 

known to have a mechanism similar to that of idiopathic 
pulmonary fibrosis (IPF). Dysregulated inflammatory 
processes promote the production of cytokines, chemo-
kines, and growth factors, causing a series of changes. 
This eventually results in epithelial cell damage, angio-
genesis, fibroblast differentiation, and lung fibrosis [9]. 
Although the association of serum biomarkers with 
RA-ILD is not clear, it has been established that tumor ne-
crosis factor alpha (TNF-α) and interleukin 6 (IL-6) are 
one of the several cytokines related to RA [10]. 
Previous studies have shown that serum Krebs von den 

Lungen 6 (KL-6) levels are associated with ILD [11-13], 
which is associated with mortality [14]. A recent study 
found that serum KL-6 is related to the severity of con-
nective tissue disease-associated interstitial lung disease 
(CTD-ILD) [15]. Other recent studies showed that when 
KL-6 was elevated above a certain level, the frequency of 
the usual interstitial pneumonia (UIP) pattern among 
RA-ILD was high [16], and it was also related to mortality 
[16,17]. In addition, when compared with the RA-non- 
ILD group, the KL-6 level was elevated in the RA-ILD 
group, and positive correlation with the fibrosis score of 
chest CT was also proven [18].
Although not clear, RA-ILD, especially RA-UIP, and IPF 

are known to have many histopathological and clinical as-
pects in common. IPF is a chronic and progressive dis-
order of extracellular matrix (ECM) remodeling. In pre-
vious studies, matrix metalloproteinase (MMP)-7 and 
MMP-1, known as ECM-modulating enzymes, have been 
shown to be potential biomarkers of IPF [19]. In addition 
to MMP-7, surfactant protein-D (SP-D) levels are elevated 
in IPF patients [20]. Another study revealed that MMP-7 
could be used as a biomarker in patients with RA-ILD 
[21]. In addition, a study showed that MMP-7 and SP-D 
are related to RA-ILD, as well as risk factors (age, sex, 
smoking, rheumatoid factor, and anticyclic citrullinated 
peptide antibodies) known in RA patients [22]. Another 
recent study showed that the SP-D level was significantly 
elevated in the RA-ILD group when compared with con-
trol and RA-non-ILD groups [23].
Based on the results of these existing studies, we have 

derived the following hypotheses. First, can serum KL-6, 
MMP-7, and SP-D be used as biomarkers to evaluate acute 

exacerbation in RA-ILD patients? Most of the existing 
studies have focused on the difference in biomarker levels 
between the RA group and the RA-ILD group. We tried to 
evaluate the usefulness of biomarkers in situations where 
pulmonary function test (PFT) or chest CT cannot be per-
formed when acute exacerbation occurs in patients with 
already confirmed RA-ILD. Second, are TNF-alpha and 
IL-6, which are known to be related to RA, also associated 
with lung lesions in RA-ILD patients? This is a question 
of whether the disease mechanism of RA-ILD can be eval-
uated in line with the joint involvement of RA.
For the reasons described above, the correlation be-

tween serum levels of markers (IL-6, TNF-α, KL-6, 
MMP-7 and SP-D) and diffusing capacity for carbon mon-
oxide (DLCO) and forced vital capacity (FVC) measured 
by PFT in the RA-ILD cohort was analyzed. In addition, 
the trend of biomarkers and cytokines was evaluated 
when CT grade increased.

MATERIALS AND METHODS

Study population
The KOrean Rheumatoid Arthritis Interstitial Lung 

Disease (KORAIL) group is a multicenter, prospective co-
hort study developed to help understand the disease char-
acteristics of RA patients with ILD. Six centers in South 
Korea (Daegu Catholic University Medical Center, Kyung 
Hee University Hospital, Seoul National University 
Hospital, Seoul National University Bundang Hospital, 
Severance Hospital, and Soonchunhyang University 
Hospital) participated in patient enrollment and fol-
low-up. Patient enrollment was performed between May 
2015 and June 2018. The inclusion criteria included defi-
nite RA (score ≥6) classified according to the American 
College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) 2010 Rheumatoid 
Arthritis Classification Criteria. ILD was confirmed using 
high-resolution computed tomography (HRCT) and 
PFTs. 

Ethical consideration
This study was performed in compliance with the 

Declaration of Helsinki, and the Institutional Review 
Boards (IRB) at the six centers approved the study (IRB 
numbers; CR-15-009, Daegu Catholic University Medical 
Center; 2016-11-063, Kyung Hee University Hospital; 
1407-027-592, Seoul National University Hospital; 
B-1412-280-412, Seoul National University Bundang 
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Table 1. Baseline characteristics of patients obtained serum 
sample (n=153)

Variable Value

Demographic parameters
   Age (yr)       66.35±8.22
   Sex, female 107 (69.9)
   Body mass index       23.40±2.95
   Ever smoker   39 (25.5)
   Pack-years of smoking       32.05±10.88
RA parameters
   RF (IU/mL)     244.24±500.53
   Anti-CCP (units/mL)     199.62±166.86
   DAS28-ESR         3.99±1.47
   DAS28-CRP         3.10±1.42
   HAQ-DI         0.68±0.76
   PGA*       36.41±26.38
   Duration of RA (yr)         8.08±8.14
Medication use (ever)
   Glucocorticoids 145 (94.8)
   Methotrexate   99 (64.7)
   Hydroxychloroquine   98 (64.1)
   Sulfasalazine   91 (59.5)
   Leflunomide   57 (37.3)
   Tacrolimus   49 (32.0)
   Etanercept   21 (13.7)
   Infliximab     8 (5.2)
   Adalimumab   11 (7.2)
   Tocilizumab   10 (6.5)
   Abatacept   13 (8.5)
Pulmonary function test
   FEV1, % of predicted      92.26±21.52
   FVC, % of predicted      85.56±16.60
   DLCO, % of predicted      71.89±19.47
   Six minute walk test, meter    342.71±112.11
CT grade
   Grade 1 (0%∼25%)   86 (56.2)
   Grade 2 (26%∼50%)   46 (30.1)
   Grade 3 (51%∼75%)   15 (9.8)
   Grade 4 (75%∼100%)     6 (3.9)
Serum levels 
   TNF-α (pg/mL)        3.46±8.54
   IL-6 (pg/mL)        6.09±24.31
   MMP-7 (pg/mL) 7,524.35±4,481.77
   SP-D (pg/mL) 9,721.65±7,148.10
   KL-6 (units/mL)    598.35±545.76

Values are presented as mean±standard deviation or number 
(%). RA: rheumatoid arthritis, RF: rheumatoid factor, Anti-CCP: 
anti-cyclic citrullinated peptide antibody , DAS28: disease activity
score of 28 joints, ESR: erythrocyte sedimentation rate, CRP: 
C-reactive protein, HAQ-DI: health assessment questionnaire- 
disability index, PGA: patient global assessment, FEV1: forced
expiratory volume in one second, FVC: forced vital capacity, 
DLCO: diffusing capacity for carbon monoxide, TNF-α: tumor
necrosis factor α, IL-6: interleukin 6, MMP-7: matrix 
metallopeptidase 7, SP-D: surfactant protein D, KL-6: Krebs von
den Lungen 6. *PGA ranges from 0 to 100 mm.

Hospital; 2014-2417-002, Severance Hospital; 2016-01-008, 
Soonchunhyang University Hospital). Written informed 
consent was obtained from all the patients. 

Measurements
Baseline demographic data (age, sex, body mass index, 

and smoking status) were collected at the time of 
enrollment. The date of RA diagnosis and the date of diag-
nosis of ILD were reviewed to estimate disease duration. 
RA disease activity was evaluated by the Disease Activity 
Score 28 (DAS28) and a subjective method using the 
Health Assessment Questionnaire-Disability Index 
(HAQ-DI) and the Patient Global Assessment (PGA). 
Medications prescribed after the diagnosis of ILD were 
reviewed. DLCO and FVC measured by PFT, 6 min walk 
test (6 MWT), and HRCT were performed within 6 
months preceding or following the first visit. If there was 
a test that was evaluated within 6 months before enroll-
ment, it was not re-measured at the time of enrollment. In 
addition, when the appointment of the examination was 
not available or an immediate examination was difficult 
due to the patient's personal reasons, the examination 
was performed within 6 months from the time of 
enrollment. Laboratory data such as rheumatoid factor 
(RF) positivity and titer and anti-cyclic citrullinated pep-
tide antibody (anti-CCP) positivity and titer were ob-
tained by medical chart review.

Serum parameters
Baseline serum sampling was performed during the first 

visit. TNF-α, IL-6, KL-6, MMP-7, and SP-D were evaluated. 
Cytokine levels were measured using the MSD mul-

ti-spot assay system (Meso Scale Discovery, Gaithersburg, 
MD, USA). TNF-α and IL-6 levels were measured by hu-
man proinflammatory panel I (V-Plex). KL-6 levels were 
measured with the Nanopia KL-6 assay (Sekisui Medical 
Co., LTD, Tokyo, Japan) using the latex-enhanced im-
munoturbidimetric assay method. MMP-7 and SP-D lev-
els were measured using MSD R-PLEX assays (Meso 
Scale Discovery). 

Review of ILD on HRCT
One trained rheumatologist graded the ILD extent of 

HRCT semi-quantitatively (grade 1, 0%∼25%; grade 2, 
26%∼50%; grade 3, 51%∼75%; grade 4, 75%∼100%) 
[15]. If lung lesions apart from ILD were discovered, the 
CT scan was excluded from the analysis. 
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Figure 1. Correlations between FVC and DLCO and serum MMP-7, SP-D and KL-6. FVC: forced vital capacity, DLCO: diffusing 
capacity for carbon monoxide, MMP-7: matrix metallopeptidase 7, SP-D: surfactant protein D, KL-6: Krebs von den Lungen 6.

Statistical analysis
The baseline statistics (mean, standard deviation, and 

percentage) of each variable were calculated. The 
Spearman’s correlation coefficient was used to analyze 
the association between serum TNF-α, IL-6, KL-6, 
MMP-7, and SP-D levels and DLCO and FVC. Through 
univariable analysis, variables with significant associa-
tion with FVC and DLCO were controlled and multi-
variable analysis was performed. The p-value for trend 
was analyzed to evaluate the difference in serum cytokine 
and biomarker levels between the CT grade groups. 
Statistical significance was set at p＜0.05. The data was 
analyzed using SPSS Statistics software, version 26.0 
(IBM Co., Armonk, NY, USA).

RESULTS 

Baseline characteristics of the KORAIL cohort
Table 1 shows the baseline characteristics of 153 in-

dividuals included in the analysis, including disease char-
acteristics of both RA and ILD. The mean age was 
66.35±8.22 years and 69.9% were female. Of these, 
25.5% were ever smokers. The mean values of RF and an-
ti-CCP were 244.24±500.53 IU/mL and 199.62±166.86 
units/mL, respectively. The mean duration of RA was 

8.08±8.14 years and the mean duration of ILD was 
2.88±3.15 years. DAS28-ESR was 3.99±1.47 and 
DAS28-CRP was 3.10±1.42 showing moderate disease 
activity of RA in this cohort. 
Patients’ medical treatment history are also introduced 

in Table 1. Glucocorticoids were used in 94.8% of the 
patients. Methotrexate, hydroxychloroquine, and sulfa-
salazine were used in approximately 60% of patients. 
Leflunomide and tacrolimus were used in 37.3% and 
32.0% of patients, respectively. Etanercept, infliximab, 
and adalimumab were used in 13.7%, 5.2%, and 7.2% of 
patients, respectively.
The mean value of FVC was in the normal range 

(85.56±16.60%), and the mean value of DLCO was 
slightly decreased (71.89±19.47%) compared to the nor-
mal reference value. In semiquantitative CT grade evalua-
tion, grade 1 was 56.2%, grade 2 was 30.1%, grade 3 was 
9.8%, and grade 4 was 3.9%.

Correlations between FVC and DLCO and serum 
biomarkers
In univariable analysis, age, DAS28-ESR, and DAS28- 

CRP showed correlations with FVC. Sex, DAS28-ESR, 
DAS28-CRP, and HAQ also showed correlations with 
DLCO (Supplementary Table 1). These variables were 
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Figure 2. Serum MMP-7, SP-D, and KL-6 levels according to semiquantitative CT grades. MMP-7: matrix metallopeptidase 7, SP-D:
surfactant protein D, KL-6: Krebs von den Lungen 6, CT: computed tomography.

Table 2. Correlations between FVC and DLCO and serum cytokines and biomarkers 

TNF-α IL-6 MMP-7 SP-D KL-6

FVC
   rs −0.074 −0.085 −0.267 −0.250 −0.223
   p-value 0.368 0.305 0.001 0.002 0.006
DLCO
   rs −0.127 −0.063 −0.404 −0.286 −0.226
   p-value 0.131 0.454 0.000 0.001 0.007

FVC: forced vital capacity, DLCO: diffusing capacity for carbon monoxide, TNF-α: tumor necrosis factor α, IL-6: interleukin 6,
MMP-7: matrix metallopeptidase 7, SP-D: surfactant protein D, KL-6: Krebs von den Lungen 6.

Table 3. Serum TNF-α, IL-6, MMP-7, SP-D, and KL-6 levels according to semiquantitative CT grades 

Grade 1 (n=86) Grade 2 (n=46) Grade 3 (n=15) Grade 4 (n=6) p-value

TNF-α (pg/mL)        3.26±8.46          4.35±9.98          2.55±5.69          1.72±0.67 0.674
IL-6 (pg/mL)        4.50±13.69        10.33±40.13          3.43±3.72          3.16±2.03 0.282
MMP-7 (pg/mL) 6,885.47±3,890.06   8,074.50±5,342.70   8,361.50±4,730.29 10,396.35±3,465.75 0.013
SP-D (pg/mL) 8,422.91±6,899.35 10,399.37±6,518.88 12,472.11±7,794.94 16,264.79±9,174.95 ＜0.001
KL-6 (units/mL)    485.84±471.36      675.98±385.39      824.20±1016.52   1,051.10±612.84 ＜0.001

Values are presented as mean±standard deviation. TNF-α: tumor necrosis factor α, IL-6: interleukin 6, MMP-7: matrix 
metallopeptidase 7, SP-D: surfactant protein D, KL-6: Krebs von den Lungen 6, CT: computed tomography.

controlled, and multivariable analysis was performed. 
Serum MMP-7 levels were negatively correlated with FVC 
(r=−0.267, p=0.001) and DLCO (r=−0.404, p＜ 

0.001). In addition, serum SP-D levels were also neg-
atively correlated with FVC (r=−0.250, p=0.002) and 
DLCO (r=−0.286, p=0.001). This correlation was also 
observed for KL-6 levels, it was negatively correlated with 
FVC (r=−0.223, p=0.006) and DLCO (r=−0.226, 
p=0.007). TNF-α and IL-6 levels showed no correlation 
with FVC and DLCO (Figure 1 and Table 2). 

Serum biomarker levels according to 
semiquantitative CT grades
MMP-7, SP-D, and KL-6 levels tended to increase with 

the increasing CT grade (MMP-7, p=0.013; SP-D, p＜ 

0.001; KL-6, p＜0.001). TNF-α and IL-6 levels did not 
show this trend (Figure 2 and Table 3). 

Correlations between 6MWT and serum 
biomarkers
The correlation between 6MWT and cytokines and bio-

markers was analyzed. There were no significant results 
for all measurements (TNF-α, r=−0.023, p=0.789; 
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IL-6, r=−0.110, p=0.201; MMP-7, r=−0.153, p=0.074; 
SP -D, r=0.085, p=0.319; KL-6, r=0.012, p=0.890) 
(Supplementary Table 2).

Correlations between KL-6, MMP-7, and SP-D
The correlation coefficient between KL-6 and MMP-7 

was 0.294 (p=0.01), between KL-6 and SP-D was 0.460 
(p=0.01), and between MMP-7 and SP-D was 0.199 
(p=0.014). 

DISCUSSION

In this study, we investigated the association of serum 
cytokines and biomarkers with FVC, DLCO, and CT grade 
in the KORAIL group. 
The life expectancy of patients with RA is reportedly 

shorter by 10∼11 years compared to the general pop-
ulation [24]. ILD is a major cause of death [2,3]. RA pa-
tients with ILD are known to have a 3 times higher risk of 
death than RA patients without ILD. One study of Korean 
RA patients showed a significant increase in mortality 
with ILD (hazard ratio [HR]: 7.89, confidence interval 
[CI]: 3.16∼19.69, p＜0.01), which appeared to be higher 
than those with cardiovascular disease. (HR: 4.10, CI: 
1.79∼9.37, p＜0.01) [25]. In previous studies, the preva-
lence of ILD in Korean RA patients through CT scan was 
reported to be 9.8%∼12.6% [25,26]. This is a high fre-
quency comorbidity in RA patients, and thus we have 
constructed the Korean RA-ILD patients’ cohort. This co-
hort has advantages in that serum sampling, PFT, and CT 
could be performed at approximately the same time. We 
attempted to confirm the relationship between PFTs, CT 
results, and cytokine and biomarker levels in patients 
with RA-ILD. This can be useful in situations where PFT 
or CT cannot be performed due to acute exacerbation of 
pulmonary conditions. In addition, it is difficult to per-
form CT scans frequently because of radiation hazards 
and a problem of reservation schedule. In this case, using 
biomarkers to predict lung conditions may be helpful.
Representative cytokines in previous studies of RA in-

clude TNF-α and IL-6 [27-29], and the target drug for 
these cytokines is widely used in clinic. For this reason, 
the relationship between severity of ILD evaluated by 
FVC and DLCO and cytokines was analyzed, but the asso-
ciation was limited. TNF-α and IL-6 levels were not stat-
istically different according to the CT grade. The associa-
tion between RA-ILD and cytokines, known to be asso-
ciated with RA, is an inconsistent finding. This suggests 

that RA-ILD is a separate disease entity from RA. In fact, 
it can be seen that the ILD worsens after using dis-
ease-modifying anti-rheumatic drugs in clinical settings. 
This fact supports our hypothesis. Further study is need-
ed for this hypothesis in the future.
MMP-7 has been found to be associated with severity of 

ILD [21]. A previous study showed that MMP-7 and SP-D 
are predictors of RA-ILD [22]. In this study, MMP-7 and 
SP-D showed differences between the group of RA pa-
tients without ILD and the subclinical and clinically evi-
dent RA-ILD group. KL-6 has been found to be associated 
with the severity and mortality of ILD [11-13,15]. The as-
sociation between MMP-7 and numerical score based on 
the type and distribution of interstitial lung abnormal-
ities on chest CT has been demonstrated in patients with 
RA-ILD [21]. The association between KL-6 and semi-
quantitative CT grade has been demonstrated in patients 
with CTD-ILD [15] and in patients with RA-ILD [30]. In 
our study, the results were consistent with previous 
studies. MMP-7, SP-D, and KL-6 levels were negatively 
correlated with both FVC and DLCO. MMP-7, SP-D, and 
KL-6 showed a tendency to increase as semiquantitative 
CT grades increased. In patients with IPF, MMP-7 and 
SP-D are known to predict disease progression and sur-
vival [19,31]. Its clinical significance in patients with 
RA-ILD may be revealed through cohort follow-up. It is 
expected that future data will be able to predict disease 
progression of RA-ILD based on the initial biomarker 
levels. In previous studies, it was found that the fre-
quency of UIP among RA-ILD increased according to 
KL-6 level, and this was related to mortality [16]. 
Our study has several limitations. First, there is no con-

trol group. In contrast to the previous studies comparing 
RA and RA-ILD patients to evaluate prognosis and to ana-
lyze the association with serum markers, our study sub-
jects do not include the RA-non-ILD group, which has 
limitations. Second, the cohort group was targeted, but 
the cross-sectional data at the time of enrollment was 
used for analysis. However, we continue to secure data 
and plan to analyze using longitudinal data in the future. 
The number of RA-ILD patients alone was 153, which is 
a relatively large sample size considering the number of 
patients in existing studies. Third, patient’s subjective 
symptom index (e.g., Medical Research Council dyspnea 
score) was not collected for ILD. This indicator may be 
particularly useful in early ILDs where radiographic lung 
involvement is not severe, but for practical reasons, it was 
difficult to collect the data at that point.
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CONCLUSION

In the RA-ILD cohort, MMP-7, SP-D, and KL-6 levels 
were negatively correlated with FVC and DLCO. 
Furthermore, MMP-7, SP-D, and KL-6 were correlated 
with the semiquantitative grade of CT. These biomarkers 
can be used to evaluate the functional and anatomical sta-
tus of lung involvement in RA-ILD. 
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