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ABSTRACT 

Introduction: About 40% of patients with rheumatoid arthritis are known to have 

interstitial lung disease. This greatly affects mortality in patients with rheumatoid 

arthritis. Despite this clinical significance, however, few studies have been 

conducted on rheumatoid arthritis patients with interstitial lung disease. The purpose 

of this study is to elucidate the pathological characteristics of lung tissue in patients 

with rheumatoid arthritis with interstitial lung disease and to identify the association 

of cytokines, biomarkers and lung lesions in prospective cohorts.  

Methods and Results: Pulmonary pathology The subjects were pulmonary 

pathology in patients diagnosed with rheumatoid arthritis with interstitial lung 

disease (RA-ILD), systemic sclerosis with interstitial lung disease (SSc-ILD) and 

idiopathic pulmonary fibrosis (IPF). Interleukin-17A (IL-17A), peptidyl arginine 

deiminase, type IV (PAD-4), granulocyte-macrophage colony-stimulating factor 

(GM-CSF), and alpha-enolase (ENO1) immunohistochemistry (IHC) were 

performed on 8, 5, and 5 lung pathological samples, respectively. Ten observation 

areas were randomly selected for each pathological specimen. IL-17A, PAD-4, GM-

CSF, and ENO1 slides were observed 167, 167, 152 and 163 regions, respectively, 

and the percentage of uptake cells to total immune cells in this region was identified 

at 400 times magnification. IL-17A was statistically significant (RA-ILD vs SSC-

ILD, p = 0.00; RA-ILD vs IPF, p = 0.002). ENO1 also showed statistical significance 

(RA-ILD vs SSC-ILD, p = 0.00; RA -ILD vs IPF, p = 0.024). 

Cohort Study This prospective, multicenter study included 167 patients with 

rheumatoid arthritis with interstitial lung disease. Anti-cyclic citrullinated peptide 

antibody (anti-CCP), tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6), IL-

17A, and GM-CSF, matrix metalloproteinase (MMP)-7, surfactant protein-D (SP-D) 

and Krebs von den Lungen-6 (KL-6) were measured in the serum of the patients and 

correlated with the results of computed tomography and pulmonary function test. 
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Computed tomography 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%). MMP-7, SP-D and KL-6 had a negative correlation with forced lung 

capacity (FVC; MMP-7, r = -0.192, p = 0.018; SP-D, r = -0.262, p = 0.001; KL-6, r 

= -0.181, p = 0.041) and diffusing capacity for carbon monoxide (DLco; MMP-7, r 

= -0.398, p = 0.000; SP-D, r = -0.253, p = 0.002; KL-6, r = -0.309, p <0.01). TNF-α 

showed association with DLco. In addition, MMP-7 and SP-D tended to increase 

with higher grades of lung lesions on computed tomography. Anti-CCP decreased 

with increasing CT grade. TNF-α, IL-6 have not been found to be meaningfully 

related. 

Conclusions: IHC of lung pathology specimens of RA-ILD, SSc-ILD and IPF 

showed statistical differences in IL-17A and ENO1 expressions suggesting 

biological differences in those diseases. In the cohort of RA-ILD, MMP-7, SP-D and 

KL-6 had a negative correlation with FVC and DLco. MMP-7 and SP-D were also 

correlated with the semiquantitative grade of computed tomography. These 

biomarkers can be used to evaluate functional and anatomical status of lung 

involvement in RA-ILD. 

---------------------------------------------------------------------------------------------------- 

Keywords: Rheumatoid arthritis with interstitial lung disease (RA-ILD), 

immunohistochemistry (IHC), matrix metalloproteinase (MMP)-7, surfactant 

protein-D (SP-D), Krebs von den Lungen-6 (KL-6), pulmonary function test, 

computed tomography semiquantitative grade 

Student number: 2015-21969 
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INTRODUCTION

Rheumatoid arthritis (RA) demonstrates many extra-articular manifestations [1]. 

About 40% of patients undergo interstitial lung disease (ILD). Clinically evident 

RA-ILD occurs in about 10% of the RA population [2, 3]. Subclinical disease (no 

previous ILD diagnosis but interstitial lung abnormalities on CT) is present in 

additional 30% of individuals [3-5] with 34-57% demonstrating radiologic 

progression over 1-2 years [6, 7]. Despite the noticeable development of drugs that 

control articular manifestation [8], RA with ILD is only complication increasing in 

prevalence [1, 2]. Furthermore, death with RA-ILD patient has increased [3].      

For this reason we have approached RA-ILD in two ways. The first method is a 

direct approach to lung tissue. The second method is the cytokine analysis of RA-

ILD through a prospective cohort.

All connective tissue disease (CTD) can be accompanied by interstitial lung 

disease (ILD) and its characteristics and prognosis have been studied [9]. Among 

CTD-ILD, the representative disease is systemic sclerosis (SSc), and many studies 

have been conducted on SSc-ILD. A feature of interstitial lung disease with RA is 

that the frequency of usual interstitial pneumonia (UIP) is higher than that of other 

CTDs [10]. Although CTD-ILD, SSc-ILD and RA-ILD have different clinical 

courses. In addition, apart from treatment for basal CTD, there is no established 

treatment for CTD-ILD. Idiopathic pulmonary fibrosis (IPF) is also known to show 

pathological findings of UIP. Previous studies have compared the prognosis of RA-

UIP and IPF, but the results are mixed [11-13]. Clinically, treatment for CTD-ILD

(immunosuppressive drugs) and treatment for IPF (antifibrotic therapies) are 

different. For the treatment of these diseases, ultimately, the understanding of the 

underlying pathology should be the basis. For this reason, it is meaningful to 

compare lung pathology of three representative pulmonary disease categories

through immunohistochemistry (IHC).
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IL-17A has been shown to have increased expression in synovium and serum in RA 

patients [14]. Another study have shown increased expression of peptidyl arginine 

deiminase (PAD) -2 and 4 in synovium in RA patients [15]. Granulocyte-

macrophage colony-stimulating factor (GM-CSF) is known to play an important 

role in the inflammatory response by regulating the production, differentiation and 

activation of myeloid cells [16]. This effect has been found in RA patients [17]. 

The contribution of ENO1 to synovial inflammation of RA has also been shown 

[18]. In patients with interstitial lung disease associated with systemic sclerosis, 

serum IL-6 has been shown to be associated with premature pulmonary 

dysfunction and mortality [19]. It is known that IL-6 is abundantly expressed in 

synovial fluid samples of patients with rheumatoid arthritis, which is thought to be 

associated with joint and systemic symptoms of the disease [20]. For these reasons, 

expression of IL-6, IL-17A, PAD-2, PAD-4, GM-CSF, and ENO1 via IHC was 

examined for pathological characterization.    

The pathogenesis of RA-ILD is not yet clear, but is known to be a mechanism 

similar to that of IPF. Dysregulated inflammatory processes promotes the host of 

cytokines, chemokines, and growth factors, causing a series of changes. This 

eventually results in epithelial cell damage, angiogenesis, fibroblast differentiation 

and lung fibrosis [21]. Although the association with RA-ILD is not clear, it is 

already established that tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6) 

and interleukin 17 (IL-17) are related to RA among several cytokines [14, 22-24]. 

GM-CSF is also known to be associated with RA [16, 17].

Previous studies have shown that serum Krebs von den Lungen 6 (KL-6) levels are 

associated with interstitial lung disease [25-27], which is also associated with 

mortality [28]. Recent study have found that serum KL-6 is associated with the 

severity of CTD-ILD [29].  

Although not clear, RA-ILD, especially RA-usual interstitial pneumonia (RA-UIP), 

and IPF are known to have much in common in histopathological and clinical 
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aspects. IPF is a chronic and progressive disorder of extracellular matrix (ECM)

remodeling. In previous studies, matrix metalloproteinase (MMP) -7 and MMP-1, 

known as ECM modulating enzymes, were known to be potential biomarkers of 

IPF [30]. In addition to MMP-7, surfactant protein-D (SP-D) was found to be 

elevated in IPF patients [31]. Another study revealed that MMP-7 could be used as 

a biomarker in RA-ILD patients [32]. In addition, studies of anticitrullinated 

peptide antibodies in RA patients revealed that higher levels are associated with 

higher ILD [33].

For the reasons described above, we analyzed the correlation between serum TNF-

α, IL-6, IL-17, GM-CSF, KL-6, MMP-7, SP-D and anti-cyclic citrullinated peptide 

(CCP) antibody in prospective cohort using pulmonary function test and computed 

tomography scan grade. 
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METHODS

1. Immunohistochemistry on lung specimens

Patients and controls

We reviewed all lung specimens with rheumatoid arthritis combined interstitial 

lung disease (RA-ILD), systemic sclerosis combined interstitial lung disease (SSc-

ILD) and idiopathic pulmonary fibrosis (IPF) in the Seoul National University 

Hospital. RA-ILD was diagnosed by 1987 ACR diagnostic criteria or 2010

ACR/EULAR classification criteria and comfirmed by surgical lung biopsy. SSc-

ILD was diagnosed by ACR classification criteria and comfirmed by surgical lung 

biopsy. All IPF patients were diagnosed by surgical lung biopsy and excluded 

connective tissue disease, occupational pulmonary disease, infectious pulmonary 

disease.

Eight patients with RA-ILD were enrolled. Each control group was five. 

Immunohistochemistry

The tissue specimens were fixed with 10% buffered formalin and embedded in 

paraffin wax. Subsequently sections were stained with Hematoxylin and Eosin for 

examination by light microscopy. 

One pathology expert reviewed all eighteen sections for adequate specimen quality. 

Sections from 8 RA-ILD and from 10 controls were obtained from each paraffin-

embedded block previously prepared. We used OPTIVIEW universal DAB kit, 

Ventana BenchMark XT Staining systems. At first, deparaffinization and hydration 

were done. Antigen retrieval was done with pH 8.4 cell conditioning1 (CC1) at 100  ℃

for 24 minutes. Then the section was treated 3% Hydrogen peroxide H2O2 at 37  ℃

for 4 minutes. Primary antibody was treated at 37  ℃ for 16 minutes. As primary 

antibodies were used rabbit polyclonal IL-6R (ab128008; Abcam, Cambridge, MA, 
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USA)[20], rabbit polyclonal IL-17A (ab79056; Abcam, Cambridge, MA, USA)[14, 

23], rabbit polyclonal peptidyl arginine deiminase (PAD)-2 (ab16478; Abcam, 

Cambridge, MA, USA) [15, 34], rabbit polyclonal peptidyl arginine deiminase 

(PAD)-4 (ab96758; Abcam, Cambridge, MA, USA) [15, 34, 35], rabbit polyclonal 

granulocyte-macrophage colony-stimulating factor (ab9667; Abcam, Cambridge, 

MA, USA )[16], rabbit polyclonal anti-alpha-enolase (PA5-29660; Thermo Fisher 

Scientific, Rockford, IL, USA)[36, 37]. The signal was detected with 3,3’-

diaminobenzidine (DAB-DAKO, Redox, Bucharest, Romania) and counterstaining 

was done with Hematoxylin.

One pathologist reviewed eighteen sections. Each slide was identified ten fields 

randomly and scored uptake/total immune cell count with x400 magnification.

Statistical analysis

We used one way ANOVA for evaluation of intergroup scoring difference. p value 

< 0.05 was considered significant. The data were analyzed by SPSS Statistics 

software, version 26.0 (Chicago, USA).    

2. Prospective cohort study, KOrean Rheumatoid Arthritis Interstitial Lung 

disease, KORAIL

Study population

KORAIL group is multicenter, prospective cohort study group. Six centers in South 

Korea (Daegu Catholic University hospital, Kyung Hee University Hospital, Seoul 

National University Hospital, Seoul National University Bundang Hospital, 

Severance Hospital, Soonchunhyang University Hospital) participate patient’s 

enrollment and follow up. Patients enrollment was done from May 2015 to June 

2018. To be included in the study, patients were required to have a rheumatologist-

confirmed diagnosis of RA and a confirmed diagnosis of ILD on high-resolution 
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computed tomography (HRCT) and/or surgical lung biopsy. Patients with no ILD 

on HRCT were excluded. Total study population was 167 patients. This study was 

performed in compliance with eh Declaration of Helsinki. The institutional review 

boards at the six centers approved the study. All patients provided written informed 

consent. 

Measurements

Baseline demographic data (age, body mass index (BMI), smoking, the date of 

diagnosed RA, the date of diagnosed ILD, patient global assessment (PGA),

disease activity score 28 (DAS28), health assessment questionnaire (HAQ)) were 

reported by questionnaires at the point of study enrollment. Pulmonary function 

test (PFT), six minute walk test (SMWT), HRCT were performed within 6 months 

(preceding or following) of the first visit. Laboratory data such as rheumatoid 

factor (RF) positivity and titer, anti-cyclic citrullinated peptide antibody (anti-CCP) 

positivity and titer were obtained by medical chart review.

Serum cytokines

Baseline serum sampling was performed at the first visit. TNF-α, IL-6, IL-17, GM-

CSF, KL-6, MMP-7, SP-D were evaluated.

Cytokines were measured with the MSD multi-spot assay system (MESO SCALE 

DISCOVERY, USA). TNF-α and IL-6 were conducted by human proinflammatory 

panel I (V-Plex). IL-17A and GM-CSF were measured by cytokine panel 1 (human) 

kits. KL-6 level was measured with the Nopia KL-6 assay (SEKISUI MEDICAL, 

Tokyo) using the latex-enhanced immunoturbidimetric assay method. MMP-7 and 

SP-D were measured with the MSD R-PLEX assays (MESO SCALE DISCOVERY, 

USA).

Review of ILD on HRCT
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One rheumatologist graded the ILD extent of HRCT semiquantitatively (grade 1, 0-

25%; grade 2, 26-50%; grade 3, 51-75%; grade 4, 75-100%). If the exacerbation of 

lung lesion other than ILD was appeared, the CT scan was excluded from the 

analysis. 

Statistical analysis

Baseline statistics (mean, standard deviation and percentage) of each variable were 

done. The pearson correlation coefficient was used to analyze the association 

between serum TNF-α, IL-6, IL-17, GM-CSF, KL-6, MMP-7, SP-D, anti-CCP 

levels and PFT parameters. To analyze the association between serum cytokine and 

biomarker levels and CT grades, we used one way ANOVA for evaluation of 

intergroup scoring difference. p value < 0.05 was considered significant. The data 

were analyzed by SPSS Statistics software, version 26.0 (Chicago, USA).
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RESULTS

1. Immunohistochemistry on lung specimens

Figure 1. Observation through a microscope A) IL-17A (x200), B) PAD-4 

(x200), C and D) GM-CSF (x200, x400) E and F) ENO1 (x200, x400)

A) B)

C) D)

E) F)
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Table 1. Uptake immune cell count to total immune cell count 

Total eighteen patient’s lung specimens were performed IHC. Each slide was 

examed ten random fields. The section presenting tissue destruction was excluded.

IL-17A, PAD-4, GM-CSF, ENO1 slides included 167, 167, 152, 163 random fields. 

Uptake/total immune cell count x 100 was defined score (%). ENO1 IHC section 

Antibody Group Patient n (%) Field n (%) Mean Score ± SD (95% CI)

IL-17A

RA-ILD 8 (44.4) 68 (40.8) 12.25 ± 10.32 (9.75-14.74)

SSc-ILD 5 (27.8) 50 (29.9) 24.66 ± 16.35 (20.01-29.30)

IPF 5 (27.8) 49 (29.3) 21.13 ± 14.30 (17.02-25.23)

Total 18 (100) 167 (100) 18.57 ± 14.51 (16.35-20.78)

PAD-4

RA-ILD 8 (44.4) 67 (40.2) 16.31 ± 12.07 (13.36-19.25)

SSc-ILD 5 (27.8) 50 (29.9) 27.31 ± 18.19 (22.14-32.48)

IPF 5 (27.8) 50 (29.9) 22.60 ± 22.62 (16.17-29.03)

Total 18 (100) 167 (100) 21.49 ± 18.11 (18.72-24.25)

GM-CSF

RA-ILD 8 (44.4) 52 (34.2) 8.33 ± 13.01 (4.71-11.96)

SSc-ILD 5 (27.8) 50 (32.9) 12.73 ± 12.84 (9.08-16.38)

IPF 5 (27.8) 50 (32.9) 14.17 ± 2.34 (9.47-18.87)

Total 18 (100) 152 (100) 11.70 ± 14.35 (9.40-14.00)

ENO1

RA-ILD 8 (44.4) 63 (38.6) 60.54 ± 3.00 (4.54-66.53)

SSc-ILD 5 (27.8) 50 (30.7) 42.77 ± 17.43 (37.82-47.72)

IPF 5 (27.8) 50 (30.7) 55.18 ± 27.94 (47.24-63.12)

Total 18 (100) 163 (100) 53.44 ± 24.50 (49.66-57.23)
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presented significant high score compared to other cytokine IHC slides. PAD-2 and 

IL-6 were not stained and therefore impossible to analyze. 
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Figure 2. Score assessment according to antibodies

The RA-ILD group showed score distinction compared to SSc-ILD and IPF groups 

in IL-17A IHC. ENO1 score was significantly high with RA-ILD group than SSc-

ILD, IPF groups. GM-CSF score with RA-ILD group was no significant difference. 

IL-17A PAD-4

ENO1GM-CSF
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2. KOrean Rheumatoid Arthritis Interstitial Lung disease, KORAIL

Demographic parameters

Age, years 66.32 ± 8.05

Female, n (%) 113 (67.7)

BMI 23.51 ± 3.07

Ever smoker, n (%) 45 (27)

Pack-years of smoking 27.20 ± 12.83

RA parameters

RF, IU/ml 253.28 ± 493.27

Anti-CCP, units/ml 214.31 ± 168.43

DAS28-ESR 4.00 ± 1.47

DAS28-CRP 3.12 ± 1.42

HAQ 0.70 ± 0.77

PGA 36.31 ± 26.71

Duration of RA, years 7.65 ± 7.96

Medication use (ever), n (%)

Steroid 158 (94.6)

Methotrexate 103 (61.7)

Leflunomide 62 (37.1)

Tacrolimus 52 (31.1)

Hydroxychloroquine 109 (65.3)

Sulfasalazine 100 (59.9)

Etanercept 21 (12.6)

Infliximab 8 (4.8)

Adalimumab 11 (6.6)

Tocilizumab 10 (6.0)

Abatacept 15 (9.0)
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Pulmonary function test

FEV1, % of predicted 91.83 ± 21.22

FVC, % of predicted 85.12 ± 16.80

DLco, % of predicted 72.35 ± 19.74

Six minute walk test, meter 340.95 ± 111.15

CT grade, n (%)

Grade 1 (0-25%) 96 (57.5)

Grade 2 (26-50%) 49 (29.3)

Grade 3 (51-75%) 16 (9.6)

Grade 4 (75-100%) 6 (3.6)

Serum levels, n = 153

Anti-CCP, units/ml 190.94 ± 164.20

TNF-α, pg/ml 3.46 ± 8.54

IL-6, pg/ml 6.09 ± 24.31

MMP-7, pg/ml 7524.35 ± 4481.77

SP-D, pg/ml 9721.65 ± 7148.10

Serum level, n = 128

KL-6, units/ml 586.29 ± 484.85

Table 2. Baseline characteristics of KORAIL group (n = 167)

Of the total 167 cohort patients, 14 were excluded due to loss or inadequate (only 

plasma) analysis. All tests except KL-6 were analyzed with 153 sera. KL-6 was 

analyzed by 128 sera. Serum IL-17 and GM-CSF values were excluded from the 

analysis because of many values outside the measurement range.
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Figure 3. Correlations between baseline pulmonary function test and MMP-7, 

SP-D and KL-6
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Table 3. Correlations between baseline pulmonary function test and analyzed 

parameters 

We analyzed the correlation between pulmonary function test and serum levels. 

MMP-7, SP-D and KL-6 showed a significant correlation with both FVC and DLco. 

TNF-α also correlated with DLco.     

Anti-CCP TNF-α IL-6 MMP-7 SP-D KL-6

FVC (%)

Pearson 0.054 -0.106 -0.093 -0.192 -0.262 -0.181

p-value 0.513 0.194 0.254 0.018 0.001 0.041

DLco (%)

Pearson 0.056 -0.172 -0.085 -0.398 -0.253 -0.309

p-value 0.505 0.037 0.307 0.000 0.002 0.000
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Table 4. Serum Anti-CCP, TNF-α, IL-6, MMP-7, SP-D and KL-6 levels 

according to semiquantitative CT grades 

SP-D showed significant difference between semiquantitative CT grades (p = 

0.013). MMP-7 also showed a tendency to increase with increasing CT grade, but 

was not statistically significant (p = 0.142). For KL-6, statistical significance was 

found between CT grade 1 and 2 (p = 0.011). But there was no difference between 

the other grades. Anti-CCP, TNF-α, IL-6 levels were not statistically different 

according to CT grades.

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

Anti-CCP 203.01 ± 164.47 198.78 ± 180.55 137.06 ± 111.61 101.90 ± 107.49

TNF-α, pg/ml 3.26 ± 8.46 4.35 ± 9.98 2.55 ± 5.69 1.72 ± 0.67

IL-6, pg/ml 4.50 ± 13.69 10.33 ± 40.13 3.43 ± 3.72 3.16 ± 2.03

MMP-7, pg/ml 6885.47 ± 3890.06 8074.50 ± 5342.70 8361.50 ± 4730.29 10396.35 ± 3465.75

SP-D, pg/ml 8422.91 ± 6899.35 10399.37 ± 6518.88 12472.11 ± 7794.94 16264.79 ± 9174.95

KL-6, units/ml 450.78 ± 298. 80 689.17 ± 405.05 846.91 ± 1005.89 824.30 ± 289.27
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Table 5. Correlations between RA disease activity scores and analyzed 

parameters 

The correlation between RA disease activity and parameters revealed a significant 

correlation in TNF-a. The other parameters did not have significant data.

Anti-CCP TNF-α IL-6 MMP-7 SP-D KL-6

DAS28-ESR

Pearson -0.048 0.218 0.096 0.001 0.050 -0.013

p-value 0.564 0.007 0.240 0.988 0.538 0.890

DAS28-CRP

Pearson -0.055 0.197 0.100 -0.025 -0.006 -0.028

p-value 0.503 0.015 0.219 0.760 0.940 0.762

PGA

Pearson -0.068 0.167 0.140 -0.029 -0.031 -0.068

p-value 0.460 0.039 0.085 0.720 0.701 0.460
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DISCUSSION

In this study, we investigated the pathological characteristics of RA-ILD and the 

prediction of ILD by serum cytokines and biomarker. 

Of our results, it is interesting to note that the IL-17A score is lower in the RA-ILD 

group than in the SSc-ILD or IPF group. Based on existing research, this can be 

interpreted for two reasons. First, IL-17 serum level is measured highest in a group 

of patients called pre-patients [38, 39]. In addition, after 7.7 months after the onset 

of disease, the level has already begun to decrease [38]. The second explanation 

can be attributed to the difference in the number of IL-17+ T-cells in synovium 

depending on disease activity [40]. Although this is not the study with synovium, 

our findings can be supposed for the same reason. However, even with this 

explanation in IL-17, it was difficult to confirm the distinct immunological 

properties of RA-ILD in this IHC study. Therefore, a cohort study was planned for 

RA-ILD patients. In this study, only baseline data of our prospective cohort data 

was used for analysis.

The life expectancy of RA patients is known to be shortened by 10-11 years 

compared to the general population [41]. ILD is a major cause of death [2, 3]. RA 

patients with ILD are known to have a 3 times higher risk of death than RA patients 

without ILD. This is why we note RA-ILD and construct a prospective cohort. 

This cohort has advantages in that serum sampling, PFT, and CT were performed at 

about the same time. We attempted to confirm the relationship between PFT and 

CT results of cytokines and biomarkers 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 take CT scans 

frequently because of radio-hazard, and in this case, biomarker prediction of lung 

condition may be helpful.
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Representative cytokine in the previous studies of RA is TNF-α, IL-6, IL-17 [23, 

42-44], and the target drug is also widely used in the clinic. As described above, 

GM-CSF is also known as a factor involved in RA inflammatory response, and a 

clinical trial targeting this is currently in progress [17]. MMP-7 has been found to 

be associated with severity of ILD [32]. KL-6 has been found to be associated with 

severity and mortality of ILD [25-27, 29]. Serum samples from 153 of 167 cohort 

patients were analyzed for cytokine and anti-CCP, MMP-7 and SP-D. KL-6 was 

analyzed in 128 sera. Among these, MMP-7, SP-D and KL-6 level was negatively 

correlated with both FVC and DLco, and TNF-α level was also correlated with 

DLco. 

MMP-7 and SP-D showed a tendency to increase as the semiquantitative CT grades 

increased. The association between MMP-7 and numerical score based on the type 

and distribution of interstitial lung abnormalities (ILA) in chest CT has been 

demonstrated in RA-ILD patients [23]. KL-6 showed a tendency to increase as the 

semiquantitative CT grades increased, but statistical significance was found only in 

grades 1 and 2. The association between KL-6 and semiquantitative CT grade has 

been demonstrated in connective tissue disease-ILD patients [29] and in RA-ILD 

patients [45]. Its clinical significance may be revealed through cohort follow-up. 

TNF-α, IL-6 levels were not statistically different according to CT grades. The titer 

tended to decrease with increasing CT grade in anti-CCP. The anti-CCP data of this 

study confirmed the data at the time of RA diagnosis, not baseline, and its 

interpretation is limited. Previous studies have shown that the anticitrullinated

peptide antibody and RA-ILD severity are related [33]. This included anti-CCP as 

well [46]. However, another study showed that the disease activity of RA 

correlated with only ground glass opacity among lung involvement [46]. To assess 

the association between anti-CCP and CT grade, further correction of disease 

activity and CT grade should be assessed separately according to lung involvement 

pattern.
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Disease activity scores (DAS28, PGA) were not associated with markers except 

TNF alpha. In particular, MMP-7, SP-D, and KL-6, which have been found to be 

associated with ILD in PFT and CT grades, have significance. It is easy to overlook 

the deterioration of lung conditions if the disease activity of RA patients is stable in 

the clinic. However, the data suggest that joint activity and lung conditions may be 

distinct.

Our research focuses on RA-ILD to identify its pathological characteristics and to 

confirm the clinical use of cytokine and biomarker through cohort. In pathology 

study, one limitation is that IL-6, a representative cytokine of RA, has not been 

identified during IHC. It would also be ideal if we could compare the lung tissues

of age, sex matched RA patients with RA-ILD patients, but this would not be 

practical. In cohort study, further analysis should be done by correcting factors 

known to affect ILD (age, male, smoking, high titer of RF, longstanding RA). A 

quantitative assessment of lung involvement is also required. Longitudinal data 

collection of cohort patients is expected to further characterize RA-ILD. 
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국문 초록

서론: 류마티스 관절염 환자의 약 40%는 간질성 폐질환을 동반하고

있는 것으로 알려져 있다. 이는 류마티스 관절염 환자의 사망률에 큰

영향을 미친다. 하지만 이러한 임상적 중요성에도 불구하고 지금까지

간질성 폐질환을 동반한 류마티스 관절염 환자에 대하여 이루어진

연구는 많지 않다. 이에 본 연구에서는 간질성 폐질환을 동반한

류마티스 관절염 환자 폐 조직의 병리학적 특성을 밝히고 전향적 코호트

내에서 사이토카인, 바이오 마커와 폐 병변의 연관성에 대하여

확인하고자 한다.    

방법 및 결과: 폐병리연구 서울대학교병원에서 간질성 폐질환을 동반한

류마티스 관절염, 간질성 폐질환을 동반한 전신경화증, 특발성 폐

섬유증을 진단받은 환자의 폐 병리 검체를 대상으로 하였다. 각각 8, 5, 

5 개의 폐 병리 검체를 대상으로 IL-17A, PAD-4, GM-CSF, ENO1 

면역조직화학 염색을 실시하였다. 각 병리검체 당 10개의 관찰영역을

무작위로 선정하였다. IL-17A, PAD-4, GM-CSF, ENO1는 각각 167, 

167, 152, 163 개의 영역을 관찰하였고 이 영역에서 전체 면역세포에

대한 염색된 세포의 비율 (%)을 400배의 배율에서 확인하였다. IL-

17A는 각 군 간에 통계적으로 유의한 차이를 보였다 (RA-ILD vs 

SSC-ILD, p = 0.00; RA-ILD vs IPF, p = 0.002). ENO1 역시

통계적인 유의성이 관찰되었다 (RA-ILD vs SSC-ILD, p = 0.00; RA-

ILD vs IPF, p = 0.024). 코호트연구 이 전향적, 다기관연구는 167명의

간질성 폐질환을 동반한 류마티스 관절염 환자를 포함한다. 환자의

혈청에서 anti-CCP, TNF-α, IL-6, IL-17A, GM-CSF, MMP-7, 

SP-D, KL-6를 측정하였으며 전산화 단층촬영과 폐기능검사 결과와의



２７

연관성을 확인하였다. 전산화 단층촬영의 결과는 폐 병변의 범위에 따라

반정량적으로 해석하였다 (grade 1, 0-25%, grade 2, 26-50%, grade 

3, 51-75%, grade 4, 76-100%). MMP-7, SP-D, KL-6 는

강제폐활량 (FVC; MMP-7, r = -0.192, p = 0.018; SP-D, r = -

0.262, p = 0.001; KL-6, r = -0.181, p = 0.041) 및 폐확산능검사

(DLco; MMP-7, r = -0.398, p = 0.000; SP-D, r = -0.253, p = 

0.002; KL-6, r = -0.309, p <0.01)에서 음의 상관관계를 보였다. 

TNF-α 의 경우 DLco와의 연관성을 보였다. 또한 MMP-7과 SP-

D는 전산화 단층촬영에서 폐병변의 등급 (grade) 이 높을수록 증가하는

경향을 보였다. TNF-α, IL-6 는 의미있는 연관성이 확인되지 않았다.    

결론: 간질성 폐질환을 동반한 류마티스 관절염, 간질성 폐질환을

동반한 전신경화증 및 특발성 폐섬유증의 폐 병리 검체의 면역조직화학

염색은 IL-17A 및 ENO1 발현에서 통계적 차이를 보여 주어 그

질환에서의 생물학적 차이를 시사한다. 간질성 폐질환을 동반한

류마티스 관절염 코호트에서, MMP-7, SP-D 및 KL-6은 강제폐활량

및 폐확산능검사와 음의 상관 관계를 가졌다. 또한 MMP-7 및 SP-

D는 컴퓨터 단층촬영 반정량적 등급과 상관 관계가 있었다. 이러한

바이오마커는 간질성 폐질환을 동반한 류마티스 관절염에서 폐 침범의

기능적 및 해부학적 상태를 평가하는데 사용될 수 있다.

----------------------------------------

주요어: 간질성 폐질환을 동반한 류마티스 관절염, 면역조직화학 염색, 

MMP-7, SP-D, KL-6, 폐기능검사, 컴퓨터 단층촬영 반정량적 등급

학  번: 2015-21969
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