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ABSTRACT

Objectives: To examine associations between cytokines and pulmonary involvement in patients
with medium- to long-term Juvenile Dermatomyaositis (JDM).

Methods: In a cross-sectional study, 58 patients examined median(range) 16.8 (6.6-27.0) years
after symptom onset were stratified in inactive (JDM-inactive) and active (JDM-active) disease
(updated PRINTO criteria); 56 age/sex matched controls were included. Twenty-nine cytokines
(in serum) were analysed (Luminex technology/ELISA). Pulmonary function test (PFT) included
forced vital capacity (FVC), total lung capacity (TLC) and diffusing capacity for carbon
monoxide (DLCO) reported as % of predicted and low FVC/TLC/DLCO. In patients, the
presence of clinical pulmonary damage was assessed and HRCT scans were scored for interstitial
lung disease (ILD), chest wall calcinosis and airways disease.

Results: Median age of patients was 21(7-55) years, 59% were female and 36% inactive. In
JDM-active and all patients, higher MCP-1, IP-10 and eotaxin correlated with HRCT findings (rs
0.34-0.61; p’s<0.05). MCP-1 and eotaxin correlated with pulmonary damage in JDM-active and
all patients (rs 0.41-0.49; p’s<0.01). Higher TGF-B1 and PDGF (growth factors) were associated
with lower lung volumes (FVC/TLC measures) in all patients; PDGF in JDM-active and TGF-p1
in JDM-inactive patients. IP-10 correlated with TLC% in JDM-active patients. No associations

between cytokines and PFT were found in controls.

Conclusions: In JDM, we found a novel association (not previously described in myositis)
between eotaxin and pulmonary involvement; we have previously shown an association between
eotaxin and cardiac dysfunction. The associations between IP-10/growth factors/MCP-1 and

pulmonary involvement are novel in JDM and were mostly seen in JDM-active patients.

KEY MESSAGES:



e After long-term follow-up in JDM, cytokines are upregulated and lung involvement
(mostly subclinical) is common

e We found a novel association between eotaxin and pulmonary involvement (damage and
structure).

e Associations between IP-10/growth factors/MCP-1 and pulmonary involvement were
found (previously shown in adult onset 11M).

INTRODUCTION:

Juvenile Dermatomyositis (JDM) is the most common idiopathic inflammatory myopathy (11M)
of childhood. Vasculopathy and interferon (IFN) driven inflammation is thought to be central in
the pathogenesis in this multiorgan disease [1] mainly characterized by skin and muscle
involvement, but internal organs like lungs and heart can also be affected. Clinically manifest
lung disease in JDM is rare [1, 2]. However, studies have described reduced pulmonary function

in JDM patients indicating lung involvement, especially in the Japanese population [3-6]. We

have previously reported reduced pulmonary function tests (PFT) in JDM patients assessed after
medium- to long-term follow-up; with reduced gas diffusing capacity and lung volumes in 49%
and 25%, respectively. Also, 37% had structural abnormalities detected by high resolution
computed tomography (HRCT) [7]. Importantly, the lung findings were mostly subclinical and
the underlying mechanisms are not known. On the other hand, interstitial lung disease (ILD) is a
frequent complication in adult onset 1IMs, including polymyositis (PM) and dermatomyositis

(DM) and is associated with high morbidity and mortality [1, 8].

IFN’s are secreted from immune cells as a response to activated dendritic cells which are

believed to be the molecular onset of JDM [9].Studies performed on both cohorts with variable

disease duration and mixed patients with 1IM (including DM, PM and JDM and JDM-cohorts,




compared to controls shows tincreased levels of the IFN induced cytokines; interleukin (IL) 6

(IL-6), IL-10, interferon gamma-induced protein 10 (IP-10/CXCL10), monocyte chemoattractant

protein-1 MCP-1, and macrophage inflammatory protein-1 (MIP-1o and MIP-1p) are-reported-in

[8-12]. These studies report
associations between global disease activity and IL-6, IL-8, IP-10 and tumor necrosis factor
alpha (TNFa) [8, 10, 13, 14]. Also in adult onset I1M, there are associations between ILD and Il-
6, TNFa, IP-10, MCP-1, transforming growth factor beta 1(TGF-f1), and platelet derived growth

factor (PDGF) [8, 10, 13], indicating a role for cytokines influence upon lung involvement.

We have previously shown an increase in the circulating chemokines eotaxin, MCP-1 and IP-10
in JDM patients compared to controls [15], and an association between eotaxin, MCP-1 and both
disease activity in muscle and skin (measured by global Disease Activity Score, DAS) and
cardiac dysfunction[16]. Although disease severity and duration highly depend on and influence
cytokine levels within the tissue [8, 17], circulating cytokines also exacerbate disease severity,
increase tissue damage and can even be biomarkers of disease activity [12, 14, 18-20]. Since an
association between disease activity and cytokine profiles have been demonstrated, it would be
interesting to look at associations between lung involvement and cytokines in patients stratified
according to inactive and active disease state. In this setting, the updated PRINTO criteria for
clinically inactive disease state in JDM [21] seems promising since they better reflect global

disease activity compared to the original criteria [22].



Here we aim to explore associations between serum cytokine levels and lung function and
structure in a JDM cohort, stratified according to inactive and active disease. Our established
Norwegian JDM cohort clinically assessed after median (range)16.8 (6.6-27.0) years of disease

duration provide a unique opportunity for this.

PATIENTS AND METHODS
Patients and controls

Inclusion criteria were a probable or definitive diagnosis of DM according to the Bohan and
Peter criteria [23], disease onset age <18 years, disease duration >24 month and age > 6 years at
disease onset. 67 patients diagnosed in Norway between January 1970 and June 2006 fulfilled
the inclusion criteria. Four were diseased and 62 were tracked through the National Population

Register, of whom 59 (95%) participated in the overall study [7].

Sex and age matched controls were randomly drawn from the National Population Register as
previously described in detail [7]. Data on controls including characteristics [7, 15], lung data [7]
and cytokine profiles [15] have previously been published. In the present study, data from
controls are used to compare correlations between cytokines and pulmonary function in patients

with corresponding correlations in the general population.

Data collection and clinical measurement

All patients and controls were examined at Oslo university hospital (OUS) during a 1-2 day
follow up program in the period September 2005 to May 2009, which included clinical
examination by a single physician (HS), blood sampling and pulmonary function tests (PFT) and
HRCT as described previously [7]. Briefly; disease activity was measured by DAS score for

JDM (0-20) and cumulative organ damage by Myositis damage index (MDI)(0-40) [7, 24]. Also



we present MDI pulmonary damage (called pulmonary damage), which was scored as present (if
one of the following items were present: dysphonia, impaired lung function due to respiratory
muscle damage, pulmonary fibrosis or pulmonary hypertension) or not present. We defined
disease duration as the time from the first skin or muscle symptoms associated with JDM to the
time of follow-up examination. History of medication was obtained from the medical records.

We used the updated PRINTO criteria to define clinically inactive disease; at least 2/3 of the

following: CK <150 u/l, CMAS > 48, MMT-8 > 78 and PGA (physician’s global assessment of

overall disease activity) PGA < 0.2 as an essential criterion\We-used-the-tpdated-PRINTO
criterion which includes physician global activity (PGAY) as an essential criterion [21] to define

clinically inactive disease. This group is defined as JDM-inactive, whereas the remaining

patients were defined as JDM-active. All patients are included in JDM-total.

Lung assessments

PFT and HRCT were performed to obtain lung involvement as previously described [7]. PFT
measures are defined as pulmonary function and HRCT as pulmonary structure. In brief the

methods were as followed:

PFT were performed on a computerized Vmax Pulmonary Function Unit (Viasys, Santa Ana,
California, USA) according to published guidelines [25-27] and included spirometry, gas
diffusing capacity and body plethysmography (n=55) as previously described [7]. For the present
study, we used the following variables: forced vital capacity (FVC), diffusing capacity for
carbon monoxide (DLCO) (corrected for haemoglobin) and total lung capacity (TLC). The
pulmonary function variables were reported as percentage of predicted as previously described.

We defined low TLC, DLCO and FVC as less than the fifth percentile of the predicted [28].



High-resolution computed tomography (HRCT) was carried out with low dose references in 57
patients using a LightSpeed 16 scanner (GE Healthcare, Milwaukee, Wisconsin, USA). Two

patients declined HRCT examination. The images were analyzed by an experienced radiologist

blinded to disease characteristics. Established CT criteria for ILD and airways disease were used
[29], HRCT-detected ILD was defined as reticular pattern with or without traction bronchiectasis,
and/or ground glass opacity, whereas HRCT-detected airways disease was defined as

bronchiectasis, and/or air trapping, and/or micronodules. HRCTdetected-calcinosis in the chest

wall (subcutis, fasciae and muscle) was registered and for the present study classified as present

or not [7].

Cytokine analysis

At follow-up, venous blood samples were collected and circulating levels of IL-4, IL-6, IL-8, IL-
10, IP-10 (CXCL10), MCP-1 (CCL2), macrophage inflammatory protein MIP-1b (CCL4),
eotaxin (CCL11), platelet-derived growth factor bb (PDGF) were measured as part of a 27-plex
Bio-Plex immunoassay systems (#m500kcafQy, Bio-Rad, Hercules, CA), based on xMAP
technology (Luminex, Austin,TX). IFN-y and transforming growth factor 1-f (TGF1-B) were
analyzed using enzyme linked immunofluorescent assay (ELISA). Both analyses were performed
according to manufacturer’s protocol, with minor modifications as previously described [15].

Th1/Th2 ratio was estimated from calculation of IFNy/IL-4 levels.

Outlying individuals were found by calculating the mean cytokine levels in JDM-total and the
Mahalanobis distance from the cytokine level of each individual to its respective group mean as

previously described [15]. One patient and four controls had samples with a p value < 0.001 and



were therefore considered to be outliers. These five were removed from the data set before the

statistical analyses and data from 58 JDM patients and 56 controls are presented in this study.

Statistics:

SPSS version 25 (SPSS, Chicago, Il) was used for statistical analyses. Independent samples t-test
or chi-square test were used as appropriate, to compare both pulmonary outcomes and cytokine
levels between JDM-inactive and JDM-active. Associations between these measures were
calculated using Spearmans correlation coefficient (rsp) when n > 4. Strengths of correlations is
defined as weak rsp = 0.1-0.3, moderate as rsp = 0.3-0.6 and strong rsp = 0.6-1.0. P values <0.05
were considered statistically significant. Since age at follow-up might be a possible confounder
for associations between cytokines and lung outcomes, we performed correlation analyses
between age at follow-up and all presented cytokines; if correlations were rsp, > 0.3 and
statistically significant, the associations between lung outcomes and cytokines in JDM-total were
controlled for age in multivariate linear and logistic regression models (using enter), as
appropriate. Due to the hypothesis generating nature of our study, we did not correct for multiple

comparisons.

Ethic statement:

Written informed consent were obtained from all patients and controls, and parents if age <16
years, according to the declaration of Helsinki. The study was approved by the Regional Ethics

Committee from Medical research (S-05144).

RESULTS

Characteristics of JDM patients



Prior to the follow-up visit, 4 were diagnosed with asthma and 7 had dyspnea upon exertion [7] .
Three patients had been diagnosed as having ILD. Patient and disease characteristics are shown
in table 1. According to the updated PRINTO criteria [21] 21/58 (36.2%) had inactive disease
and 37/58 (63.7%) had active disease. JDM-active had higher DAS and a trend towards higher
MDI than JDM inactive. There was also a trend towards higher MDI pulmonal damage in JDM-

active than JDM-inactive.

Lung involvement in JDM patients

Results of PFT and HRCT findings are shown in table 2. When comparing results of PFT and
HRCT in the two groups, we found that DLCO% predicted was lower in JDM-active than in
JDM-inactive. Also there were trends towards poorer lung function in the JDM -active vs JDM-
inactive patients. The same weak (non-significant) trend, towards more cases of pathologies

measured by HRCT was found in JDM-active patients.

Cytokine levels in JDM patients

Selected cytokines thought to be important for lung involvement either due to associations with
lung outcomes in the present data set, or due to known associations in the literature, are shown in
table 3. No significant differences between JDM-active and JDM-inactive were found for any

cytokines.

Associations between cytokines and lung involvement

In JDM-total, age at follow-up correlated with eotaxin (rs=0.69) and MCP-1 (rs=0.51), pa <0.001
and MIP-1p (rs=0.283) all p’s < 0.05. Cytokines with both significant correlations and rsp > 0.3 to

pulmonary damage, function or structure in at least one patient group, are presented in table 4
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and visualized in fig.1. Both eotaxin and MCP-1 were associated with MDI-lung-damage in
JDM-total and JDM-active patients. These associations were still present after controlling for age
in JDM-total (data not shown).The growth factors TGF-p1 and PDGF were associated with
lower lung volumes (measures of TLC and FVC) in JDM-total, except for no correlation
between PDGF and low TLC. PDGF correlated with F\VC measures and with low TLC in JDM-
active, but not JDM-inactive. On the other hand, TGF-B1correlated with TLC% predicted and
FVC% predicted in JDM-inactive but not JDM-active. IP-10 was associated with lower TLC%
predicted in active patients only. Higher eotaxin was associated with better gas-diffusion
(positive correlation with DLCO% predicted, and negative association with low DLCO) in JDM-
total and JDM-active. When controlling for age (in JDM-total and JDM-active), eotaxin was no
longer significantly associated with DLCO% predicted or low DLCO (B= 0.009, p=0.70 and OR
0.99, p=0.15, respectively). MIP-1 was associated with better gas diffusion (DLCO% predicted
and low DLCO) in JDM-inactive patients only. To clarify associations between these cytokines
and results of PFT in the general population, the same tests were done for the control group

(table 4). No significant correlations were found.

Higher levels of the cytokines IP-10, MCP-1 and eotaxin were associated with HRCT findings
in JDM-total and JDM-active, but not in JDM-inactive. IP-10 with any HRCT-findings and
HRCT-airways, Eotaxin with HRCT-ILD and MCP-1 with any HRCT-findings (not present in

JDM-active) and HRCTdetected-calcinosis. After controlling for age (in JDM-total), the

associations between Eotaxin and HRCT ILD and MCP-1 and HRCTdetected-calcinosis was still

present whereas the association between MCP-1 and any HRCT findings no longer was
significant (data not shown). IL-17 and MIP-1a were associated with any HRCT findings in

JDM-inactive patients only.

11



DISCUSSION

In this study we for the first time show associations between cytokine levels and lung damage,
function and structure in JDM patients stratified according to the updated PRINTO criteria for
inactive disease. Diffusion capacity was lower in JDM-active than in JDM-inactive patients. IP-
10, a known biomarker for JDM activity, was found to correlate with total lung capacity and
structure in JDM-active patients, and the same structural associations were also found in JDM-
total. Eotaxin was associated with MDI-lung-damage and HRCT-fibrosis, and MCP-1 also with

MDI-lung-damage and with any HRCT finding and HRCTdetected-calcinosis in both JDM-total

and JDM-active patients.

Regarding representativeness of our study population, all individuals living in Norway have a
personal identity number, hence patients diagnosed with JDM in Norway from 1970-2006 could
be tracked from the National Registry and 95% accepted participation. In line with other JDM
outcome studies, our cohort has a comparable female predominance and age at onset [2, 30]. A
larger proportion of our patients had detectable lung involvement compared to another long-term
outcome study; however, our patients were more comprehensively examined both regarding PFT
in addition to HRCT scans. Also, sex and age matched controls were randomly drawn from the

National Registry, which is a strength of our study.

Here we for the first time stratify our Norwegian JDM cohort using the updated PRINTO criteria
for inactive disease (which includes PGA as an essential criterion) to evaluate lung outcomes in
association with circulating cytokines in JDM patients. Compared to our previous studies using
the original PRINTO criteria [24] (known to underestimate non-muscular activity), 6 fewer

patients in the present study were defined as inactive. Still, we found no differences between
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JDM-active and JDM-inactive regarding age, disease duration, and anthropometric measures.
Naturally, DAS (measuring disease activity in skin and muscle) were higher in JDM-active vs

JDM-inactive

As previously reported, the JDM patients mostly had subclinical pulmonary findings, albeit 75%
of the patients showed either functional or structural impairments [7]. Novel findings are that
JDM-active had lower diffusion capacity than JDM-inactive. As expected, DLCO implies
structural changes in the alveoli, but as in our study, Morganroth et al. reported that 40% of the
DM patients with low DLCO% predicted showed no signs of ILD [31]. These findings
underscore the probability of structural changes occurring which influences DLCO without

detectable ILD.

We found no significant difference when comparing cytokines in JDM-active and JDM-inactive
patients [21]. These findings are in accordance with an earlier study, in which we used the

original PRINTO criteria to stratify patients by disease activity [15].

In our study, IP-10 was the only cytokine being associated with both lower lung volumes in
JDM-active and with HRCT findings included airways disease in JDM-total and JDM-active. IP-
10 has been found in muscle biopsies and suggested upregulated in serum from patients with 1IM
compared to controls [32, 33] and even more important in JDM patients [19]. Also IP-10 is
highly associated with disease activity in JDM [19] and progression and severity of ILD in [IM
[18, 34]. In experimental animal models [35, 36] IP-10 induces and enhances pulmonary
inflammation and inhibit microvascular remodeling through impaired endothelial cell
differentiation and vessel formation [37, 38]. These findings recognize the importance of IP-10

upon inflammation and damage in several areas and tissues of the pulmonary system. In a
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previous study we found lung volumes to be lower in JDM patients with low nail fold capillary
density (NCD) compared to those with normal (NCD) [39]. We can hypothesize that IP-10

affects lung volumes by a reduced vascularization in active JDM._Although indirect, this is

supported by Jakkula et al. who found that inhibition of vascularization in rat lungs lead to

reduced alveolar content and increased alveolar space and hence lower volume [40]. As

previously described, TLC% predicted correlated with both total HRCT abnormalities and
HRCT airway [7]. These are the same variables we find IP-10 to inter-correlate with in our study,
emphasizing the importance of IP-10 upon pulmonary outcome in JDM. Further MCP-1

correlated with: HRCT findings in JDM-total, and HRCTdetected-calcinosis and lung damage in

both JDM-total and JDM-active patients. To our knowledge no study has described an

association between HRCTdetected-calcinosis and MCP-1. However, MCP-1 is found to be

increased in serum from DM/PM patients with ILD [13], and in bronchoalveolar lavage fluid
(BALF) from both children and adults with ILD [41, 42]. Higher levels of lymphocytes
correlated with MCP-1and might predict progression and severity of ILD [41, 42]. The
inflammatory role of both IP-10 and MCP-1 might be of importance for the structural changes

found using HRCT.

Higher eotaxin was associated with more pulmonary damage and HRCT-detected ILD in JDM-
total and in JDM-active patients. To our knowledge eotaxin and pulmonary involvement in
related diseases as DM/PM, RA has not been studied. Traditionally eotaxin is associated with
asthma and infiltration of eosinophils in the lungs [43]. However, studies from mice reveal an
eotaxin dependent lung injury and fibrosis development through infiltration of immune cells in
the alveolar spaces [44]. This might be an explanation for the association we find between ILD

and eotaxin. To our surprise higher eotaxin was associated with better gas diffusion (DLCO%
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and low DLCO) in both JDM-total and in JDM-active patients. However, this association was no
longer present when controlling for age as a possible confounder. We have previously found an
association between eotaxin and age in JDM patients, but not in controls [15]. This is supported

by the results from a study by Hossny et al. [45].

MIP-1p was positively associated with DLCO% in JDM-inactive patients. BALF from patients
with pulmonary sarcoidosis contained increased levels of MIP-1 3 which correlated with
inflammatory T-cells, but not with fibrosis related immune cells or DLCO% predicted [17].
However, eventually these patients developed reduced DLCO% as in JDM-active patients,
suggesting that the inflammatory state of the alveolar membrane is indeed leading to reduced
alveolar diffusion. So, the positive correlation between MIP-1 and DLCO% predicted in JDM-
inactive is surprising; however, we cannot rule out age as a confounder. MIP-1a and IL-17 both
correlated with any HRCT findings in JDM-inactive patients. MIP-1 a was increased in both
alveolar and interstitial immune cells from patients with sarcoidosis or idiopathic pulmonary
fibrosis (IPF) compared to healthy controls [46], but associations between MIP-1a, IL-17 and

pulmonary findings in 1IM has not been studied.

Higher levels of growth factors (TGF-p/PDGF) were associated with lower lung volumes in
JDM-total; PDGF in JDM-active and TGF-B1 in JDM-inactive patients. Upon inflammation and
damage, PDGF and TGF-B1 are mediators of fibrosis in all tissues, altering pulmonary structure
and influences lung volumes as pulmonary elasticity is lost [47]. The pathways to fibrosis are
complex and differ between the two cytokines, as PDGF induces fibroblast proliferation and
migration, whereas TGF-B1 activates fibroblast [47]. PDGF and TGF-B1 levels in BALF from
RA patients have been found to vary with varying severity of ILD. Especially PDGF was

elevated in BALF from patients with asymptomatic ILD, but lower in patients with severe IPF
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compared to RA patients without ILD [48]. Also, serum levels of TGF-B1 in PM/DM patients
with severe ILD were elevated compared to healthy controls [13] hence the growth factors might
play a role in different stages of disease activity and in different disease manifestations, as

chemokine and immune cell profile alters during disease duration and expression.

Being a cross-sectional study we cannot say anything about the causal effect of the cytokines on
lung outcomes. Our results are hypothesis generating, and should be verified, preferable in
longitudinal studies. Even though our n is relatively low, the present study represents the biggest
JDM lung outcome study described. Also, our patients were comprehensively phenotyped

regarding lung involvement, and we compared results with controls from the general population.

In JDM patients assessed after medium to long-term follow-up, we found a novel association
between eotaxin and pulmonary involvement which is not previously described in 1IM.
Interestingly, we have previously shown an association between eotaxin and both organ damage
and cardiac dysfunction in the same cohort. The associations between IP-10, growth factors and
MCP-1 with pulmonary involvement are novel in JDM, and have previously been shown in adult
onset 1IM. The associations were mostly seen in patients with active disease. Further and

preferable longitudinal studies are needed no verify our findings.

Figure legends

Figure 1

Cytokines associated with pulmonary findings in JDM-active and JDM-inactive patients.

The pulmonary findings: diffusion capacity, structure, volume and damage, and the cytokines
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MIP-1B, MIP-1a, IL-17, Eotaxin, MCP-1, IP-10, PDGF and TGFp1 are associated as followed:
In JDM-active disease increasing eotaxin and MCP-1 are associated with structural alterations
and damage, whereas IP-10 is associated with structural changes and declining volumes. The
growth factor PDGF seems to affect lung volumes in the same patient group. For the JDM-
inactive patients: MIP-1p is associated with a better diffusion capacity, MIP-1o and IL-17 with
structural changes and TGF-B1 is associated with lower volumes. JDM-active: Italic and

underscored.
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Table 1. Characteristics, disease variables in JDM patients

JDM-tot JDM-active JDM-inactive

(n=58) (n=37) (n=21) p value
Age, y (range) 20.9 (6.7-55.4) 19.8(6.7-55.4)  25.7(11.8-43.3)  0.39
Female 35 (59.3%) 25 (67.6%) 10 (47.6%) 0.14
Disease duration, y 16.8 (6.6-27.0) 15.6 (5.7-26.3)  17.1(8.2-27.5) 0.34
Height (cm) 166 (15) 163 (17) 170 (9) 0.07
Weight (kg) 62.8 (20.2) 60.8 (22.7) 66.3 (14.6) 0.33
BMI (kg/m2) 22.3 (4.8) 22.1(5.1) 22.7 (4.3) 0.65
DAS (0-20) 4.75(2.8-6.0) 6 (4.5-7.3) 2 (0.0-4.0) <0.001**
MDI (0-40) 3(2.0-6.0) 5 (2.0-7.0) 3(1.0-5.0) 0.07
MDI lung damage present, n (%) 10 (16.9) 8 (21.6) 2 (9.5) 0.25
Use of medication at follow up, n (%) 16 (29.6) 15 (40.5) 1(4.8) 0.002**

BMI: Body mass index, DAS: Disease activity score, MDI: Myositis damage index. Values are median (IQR), n (%)

or mean (SD) *p<0.05, **p<0.01 when comparing active vs inactive
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Table 2. Pulmonary findings in JDM patients

JDM-tot

JDM-active

JDM-inactive

Function n=(57-58) (n=37) (n=21) p value
TLC% 92.5 (10.5) 91.0 (10.3) 94.3 (10.8) 0.30
Low TLC 14 (23.7) 10 (26.3) 4 (19.0) 0.36
FVC % 95.8 (12.4) 93.9 (12.3) 98.7 (12.1) 0.19
Low FVC 10 (16.9) 8 (21.1) 2 (9.5) 0.24
DLCO % 81.6 (14.8) 78.6 (13.0) 87.4 (16.2) 0.03*
Low DLCO 29 (49.2) 21 (55.3) 8 (38.1) 0.17
HRCT,any changes 21 (35.6) 15 (39.5) 6 (28.6) 0.39
HRCT,ILD/fibrosis 8 (13.6) 6 (15.8) 2(9.5) 0.50
HRCT,calcinosis 8 (13.6) 6 (15.8) 2 (9.5) 0.50
HRCT airways 9 (15.3) 7 (18.4) 2 (9.5) 0.36

TLC: Total lung capacity, FVC: forced vital capacity, DLCO: diffusing capacity of the lung for carbon monoxide,
HRCT: High resolution computed tomography, ILD: Interstitial lung disease. Values are mean (SD) or number (%);
p-value: when comparing active vs inactive
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Table 3. Cytokine levels in JDM patients;

Cytokines JDM-tot JDM-active JDM-inactive p value
(n=57) (n=37) (n=21)
IFNy 55.1 (69.0) 62.2 (84.2) 41.8 (24.7) 0.27
Th1/Th2 25.4 (28.6) 28.6 (35.0) 19.8 (8.7) 0.24
TNFao. 22.2 (21.4) 24.8 (26.0) 17.8 (7.9) 0.24
MIP-1a 25(1.4) 2.7(1.5) 23(1.1) 0.38
MIP-1p 104.4 (42.3) 102.4 (37.1) 108.0 (50.9) 0.64
PDGF 9083 (2799) 8990 (2979) 9248 (2511) 0.74
TGF-p1 29252 (8868) 29698 (9623) 28467 (7513) 0.62
MCP-1 34.0(21.3) 34.3 (18.8) 33.5(25.6) 0.89
Eotaxin 138 (103) 142 (108) 132 (95) 0.72
IP-10 1448 (1281) 1491 (1438) 1371 (972) 0.74
IL-6 6.7 (10.2) 7.8 (12.5) 4.4 (2.9) 0.24
IL-4 2.1 (0.54) 2.1 (0.59) 2.1 (0.45) 0.79
IL-8 10.9 (3.0) 10.8 (3.1) 11.05 (2.7) 0.81
IL-10 4.8 (16.7) 6.1 (20.8) 24 (2.2) 0.42
IL-17 15.1 (13.5) 15.0 (15.1) 15.2 (10.4) 0.97

IFNy: Interferon gamma, TNFa: Tumor necrosis factor alpha, MIP-1a and B: Macrophage inflammatory protein
lalpha and beta, PDGF: Platelet-derived growth factor, TGFB1: Transforming growth factor beta 1, MCP-1/CCL2:
Monocyte chemoattractant protein 1, IP-10/CXCL10: IFN-y-inducible protein 10, IL: Interleukin. VValues are mean
(SD) pg/ml; p-value when comparing active vs inactive
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Table 4. Associations between pulmonary findings and cytokines in JDM patients and controls.

JDM-total JDM-active JDM-inactive Controls

(n=50-54) (n=30-34) (n=20) (n=51-56)

Damage MDI lung damage present

Eotaxin 0.41** 0.49** NA NA

MCP-1 0.44** 0.42** NA NA
Function Lung volume: Total Lung Capacity (TLC)

TLC%

IP-10 -0.14 -0.35* 0.19 0.03

PDGF -0.33* -0.31 -0.43 0.05

TGF-B1 -0.30* -0.15 -0.62** 0.01

LOWTLC

PDGF 0.26 0.35* NA -0.05

TGF-B1 0.30* 0.31 NA 0.04

Lung volume: Forced Vital Capacity (FVC)

FVC%

PDGF -0.38** -0.48** NA -0.05

TGF-B1 -0.33* -0.20 -0.59** -0.10

LOW FVC

PDGF 0.33* 0.44** 0.08 0.02

Alveolar function: Diffusion Capacity (DLCO)

DLCO%

MIP-1p 0.13 -0.01 0.47* 0.04

Eotaxin 0.39** 0.52** 0.1 0.28*

LOW DLCO

MIP-13 -0.14 0.03 -0.44* -0.02

Eotaxin -0.32* -0.53** 0.01 -0.24
Structure High Resolution Computer Tomography (HRCT)

Any HRCT findings

IP-10 0.37** 0.34* NA NA

MCP-1 0.34** 0.32 NA NA

MIP-1a 0.13 -0.1 0.63** NA

IL-17 0.06 -0.16 0.61** NA

HRCT ILD

Eotaxin 0.37** 0.38* NA NA

HRCT airways

IP-10 0.44** 0.61** NA NA

HRCT calcinosis

MCP-1 0.40** 0.34* NA NA

IP-10/CXCL10: Interferon gamma inducible protein 10, PDGF: Platelet-derived growth factor, TGFp1:
Transforming growth factor beta-1, MIP-1o and1pB: Macrophage inflammatory protein alpha and beta, MCP-1:
Monocyte chemoattractant protein, IL-17: Interleukin 17, ILD: Interstitial lung disease, MDI: myositis damage
index, NA: non-applicable. All values are Spearmans correlation. * p < 0.05, **p < 0.01
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Figure 1

Cytokines associated with pulmonary findings in JDM patients
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