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Myeloid‑related protein 8/14 in plasma 
and serum in patients with new‑onset juvenile 
idiopathic arthritis in real‑world setting 
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Abstract 

Objective:  The aim of this study was to analyze the usefulness of myeloid-related protein 8/14 (MRP8/14) in the 
prediction of disease course in a real-world setting for patients with new-onset juvenile idiopathic arthritis (JIA), to 
identify the relationship between MRP8/14 and disease activity using the physician’s global assessment of disease 
activity (PGA), and determine whether the MRP8/14 levels measured in serum and plasma are equally useful.

Methods:  In this prospective follow-up study, 87 new-onset non-systemic JIA patients were studied. Blood and 
synovial fluid samples were collected prior to any antirheumatic medication use. MRP8/14 was measured from serum 
(S-MRP8/14), plasma (P-MRP8/14), and synovial fluid samples using ELISA.

Results:  The baseline MRP8/14 blood levels were significantly higher in patients using synthetic antirheumatic drugs 
than in patients with no systemic medications at 1 year after diagnosis in serum (mean 298 vs. 198 ng/ml, P < 0.001) 
and in plasma (mean 291 vs. 137 ng/ml, P = 0.001). MRP8/14 levels at the time of JIA diagnosis were higher in patients 
who started methotrexate during 1.5-year follow-up compared to those who achieved long-lasting inactive dis-
ease status without systemic medications (serum: mean 298 vs. 219 ng/ml, P = 0.006 and plasma: 296 vs. 141 ng/ml, 
P = 0.001). P-MRP8/14 was the most effective predictive variable for disease activity (by PGA) in linear multivariate 
regression model (combined to ESR, CRP, leukocytes, and neutrophils), whereas S-MRP8/14 was not significant.

Conclusion:  Blood MRP8/14 levels at baseline seem to predict disease course in new-onset JIA patients. P-MRP8/14 
might be better than S-MRP8/14 when assessing disease activity at the time of JIA diagnosis.
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Introduction
Juvenile idiopathic arthritis (JIA) is a heterogene-
ous group of diseases characterized by arthritis of 
unknown etiology persisting at least 6 weeks and with 

onset before 16 years of age [1]. The disease course 
of JIA can be aggressive and require rapid medical 
intervention, or it can be milder and sometimes even 
self-limiting. Due to the disease’s heterogeneity, it is 
a major challenge to distinguish those new-onset JIA 
patients who require rapid treatment interventions 
to avoid long-term disability from those who do not 
need systemic treatment and avoid exposing them to 
the medication’s potential side effects. New reliable 
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prognostic markers are needed to better predict the 
course of the disease and achieve this goal, as well as 
to facilitate the future aim of individualized treatment 
options.

Biomarkers are crucial components of personalized 
medicine used to measure and demonstrate changes 
that correlate with disease manifestations or that 
have diagnostic or prognostic benefits [2]. The assess-
ment of the actual inflammatory activity levels of JIA 
patients and changes to those levels is challenging in 
clinical practice because of the disease’s multidimen-
sional nature. Commonly used inflammatory labora-
tory parameters such as C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR) are biomarkers 
that reflect systemic rather than local inflammatory 
processes. Hence, the need to identify more specific 
inflammatory markers of local inflammation (e.g., syn-
ovial inflammation in JIA) has led to the identification 
of new molecules such as myeloid-related protein 8 
and 14 complex (MRP8/14), also known as calprotec-
tin [3].

MRP8 and MRP14 are intracellular calcium-binding 
proteins expressed by monocytes and granulocytes, 
and they exist as heterodimer complexes in the cyto-
sol. In synovial inflammation, the infiltrating phago-
cytes secrete the complex, and it acts as a ligand of the 
Toll-like receptor 4 [4–7].

Several studies have proposed that disease activity in 
JIA correlates better with serum MRP8/14 levels than 
with the systemic inflammatory markers CRP and ESR 
[8–10]. Various studies have also demonstrated that 
MRP8/14 levels might be a good predictor of disease 
flares [7, 11–14] and that it could predict responses to 
systemic treatment [7, 12, 15–17], disease progression, 
and treatment escalation in JIA [18]. The opposite 
results have also been reported [19, 20].

Previous studies of MRP8/14 have analyzed either 
serum or plasma samples. Recently, Nordal et al. found 
a stronger association between disease activity and 
calprotectin measured in plasma than between disease 
activity and calprotectin measured in serum in adult 
patients with rheumatoid arthritis [21]. To our knowl-
edge, there are no comparative studies of MRP8/14 
measured in both serum and plasma in JIA patients.

Thus, the aim of our study was to evaluate whether 
blood MRP8/14 levels can be used to predict dis-
ease course in a real-world population of new-onset 
non-systemic JIA patients and to analyze whether 
the MRP8/14 levels measured in serum and plasma 
were equally relevant in clinical use. We also studied 
whether MRP8/14 levels reflect clinical disease activity 
in JIA onset better than other laboratory parameters 
do.

Methods
Patients
In a prospective population-based follow-up study, we 
examined 135 consecutive patients presenting with non-
systemic new-onset arthritis under the age of 16 years. 
Patients were recruited between October 2011 and 
November 2014 at a pediatric rheumatology outpatient 
clinic at Oulu University Hospital. This facility is the ter-
tiary hospital to which primary care physicians from the 
Oulu University Hospital district refer all their patients 
with suspected JIA. The mean population of children 
under 16 years of age in this area was 93,000 during the 
study years. The JIA diagnostic criterion established by 
International League of Associations for Rheumatology 
(ILAR) [1] was fulfilled in 108 patients. Twenty patients 
were excluded because the research laboratory staff was 
not available to handle samples. Postponing sampling 
was not an option because samples had to be collected 
before starting medication. One family refused to par-
ticipate. Finally, 87 patients with JIA were eligible for this 
study.

Data collection
The clinical patient data included medical history and a 
physical examination of the following: number of joints 
with active disease (active joint count), physician’s global 
assessment of disease activity (PGA), parent or patient 
assessments of overall well-being (data available for 53 
patients), and functional ability measured by the Child-
hood Health Assessment Questionnaire (CHAQ) (data 
available for 39 patients). Clinical data were also col-
lected, and routine laboratory parameters were measured 
at scheduled appointments when appropriate.

We used the modified definition of the term “inactive 
disease” given by Anink et al. [12]: no active arthritis, no 
systemic features, no uveitis, normal ESR (≤ 20 mm/h), 
and PGA indicating no disease activity (score ≤ 10 on a 
scale of 0 to 100 mm). The modified criteria include an 
increased threshold of PGA compared to the Wallace 
criteria for inactive disease [22]. We chose this definition 
because of the difficulty of setting the PGA at zero when 
patient or parent still reports symptoms such as pain and 
stiffness despite no objective findings of active joints.

Evaluation of disease course
To predict disease course and the need for disease-
modifying antirheumatic drugs (DMARDs), we divided 
patients into three groups according to need for the sys-
temic treatment at 1 year after JIA diagnosis. We com-
pared the baseline biomarker levels in patients who 
achieved long-lasting inactive disease status (i.e., for 
at least 6 months) without DMARDs and patients who 
started methotrexate (MTX) treatment within 8 months 
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of baseline. We also assessed the ability of the biomark-
ers to predict disease activity during 1.5-year follow-
up. Inactive disease as defined by Wallace [22] involves 
only one time point. Our study’s endpoint constitutes a 
stricter goal than the American College of Rheumatology 
(ACR) pediatric criteria for JIA responses used in several 
previous studies [11, 12, 15, 16, 23].

Serological samples and measurements
Serum samples were available from 87 patients, plasma 
samples were available from 72 patients, and synovial 
fluid samples were available from 48 patients. We col-
lected 49 serum samples and 37 plasma samples from 
healthy controls.

Serum, plasma, and synovial fluid samples for MRP8/14 
were and centrifuged within 2 hours of collection. Plasma 
samples were pipetted from a BD Vacutainer® CPT™ 
containing buffered sodium citrate after centrifugation. 
The samples were aliquoted and stored at − 80 °C until 
analysis.

MRP8/14 levels in serum, plasma, and synovial fluid 
were measured with the enzyme-linked immunosorb-
ent assay (ELISA) using the human calprotectin ELISA 
kit (Hycult Biotech) according to kit protocol. For the 
ELISA, serum and plasma samples were diluted to 1:60, 
and synovial fluid samples were diluted to 1:200 with the 
dilution buffer included in the kit. For plasma MRP8/14 
samples, that were pipetted from BD Vacutainer® CPT™ 
tubes and slightly diluted, we used a correction coeffi-
cient of 1.125 to compensate for the dilution. When the 
MRP8/14 result was below the stated detection range, we 
gave it a value of 50% of the lower detection limit: serum 
2.0 ng/ml, plasma 1.2 ng/ml and synovial fluid 29.1 ng/
ml. Absorbance was measured at 450 nm using the Wal-
lace Victor2 1420 multilabel counter. Quantitative analy-
sis of the samples was performed using a four-parameter 
logistic curve fit, and data were analyzed using MyAs-
says Analysis Software Solutions (MyAssays: http://​www.​
myass​ays.​com).

Inflammatory markers, including leukocyte, neutro-
phils, and ESR and CRP levels were measured as part of 
the clinical assessment. Synovial fluid samples from those 
patients who received intra-articular steroid injections 
were collected whenever possible, and leukocyte counts 
and MRP8/14 concentrations were assayed.

Controls
As controls, we collected blood samples from 49 healthy 
children (aged 1 to 16 years, 52% males) with no acute 
infection within the previous 2 weeks and no history of 
autoimmune or inflammatory diseases. Most of them 
were healthy children who underwent a minor surgi-
cal procedure and had a blood sample taken at the same 

time, and the rest were voluntary healthy children who 
came only for blood sampling.

Statistical analysis
Descriptive statistics are presented as absolute frequen-
cies and both median and interquartile range (IQR) and 
mean and standard deviation (SD), when appropriate. 
Correlations were analyzed using Pearson’s correlation 
coefficients (r). Linear regression was used to evaluate 
the associations between PGA and inflammatory param-
eters. Differences between groups were analyzed using a 
t-test or one-way ANOVA, and post-hoc analyzes were 
performed using Tukey’s honest significant difference 
test when normally distributed. P values of less than 0.05 
in two-tailed tests were considered statistically signifi-
cant. All data were analyzed using SPSS Statistics Soft-
ware for Windows version 27 (IBM Corp., Armonk, New 
York, USA).

Results
Characteristics of patients and controls
The baseline characteristics of the 87 JIA patients are pre-
sented in Table 1. In JIA patients, the mean serum level of 
MRP8/14 (S-MRP8/14) was 257 ng/ml (SD 115), and the 
mean level of plasma MRP8/14 (P-MRP8/14) 229 ng/ml 
(SD 168) (Fig. 1). Figure 1 also includes the control group, 
but it was not used in the comparison of MRP8/14. Com-
pared to patients with persistent oligoarthritis, patients 
with seronegative polyarthritis had significantly higher 
S-MRP8/14 levels [mean 297 ng/ml (115) vs. 189 ng/
ml (91); p  < 0.001] and higher P-MRP8/14 levels [mean 
309 ng/ml (182) vs. 124 ng/ml (95); p < 0.001]. There were 
no significant differences in serum or plasma MRP8/14 
levels among the other JIA categories. MRP8/14 con-
centrations were significantly higher in synovial fluid 
(SF) [mean 1292 ng/ml (409)] than in blood samples 
(p < 0.001 for both serum and plasma) at the time of diag-
nosis. SF-MRP8/14 concentrations did not differ among 
JIA categories. SF-MRP8/14 levels correlated with both 
S-MRP8/14 (r = 0.324) and P-MRP8/14 (r = 0.580) levels.

Disease course
Approximately 1 year (median 372 days) after diagnosis, 
37% (n = 32) of the JIA patients did not use any DMARDs, 
52% (n = 45) were on synthetic DMARDs (sDMARDs), 
and 11% (n  = 10) were on biological DMARDs 
(bDMARDs). Baseline S-MRP8/14 levels were signifi-
cantly higher in sDMARD users than in non-medicated 
patients [mean (SD) 298 ng/ml (118) vs. 198 ng/ml (87); 
p  < 0.001], as were P-MRP8/14 levels [mean 291 ng/ml 
(180) vs. 137 ng/ml (105); p = 0.001] (Fig. 2.). There were 
no differences in S-MRP8/14 or P-MRP8/14 levels among 
other groups. MRP8/14 levels in blood were significantly 

http://www.myassays.com
http://www.myassays.com
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lower after 1 year treatment, compared with baseline val-
ues [mean (SD) 184 ng/ml (115) vs. 257 ng/ml (103) in 
serum and 98 ng/ml (92) vs. 229 ng/ml (170) in plasma, 
p  < 0.001 for both]. In 57% (n = 62) of the patients, the 
number of active joints was zero at that time.

Fifty patients started MTX during the first 8 months 
after diagnosis. Of these patients, 34% (n = 17) achieved 
remission on medication within 1.5 years after diagno-
sis. Baseline MRP8/14 levels were significantly lower in 
patients who attained long lasting inactive status with-
out medication for at least 6 months than in those who 
started MTX [serum: mean 219 ng/ml (86) vs 298 ng/
ml (112); P = 0.006; plasma: 141 ng/ml (124) vs 296 ng/
ml (172); P = 0.001] (Fig. 3.). There was no difference in 
MRP8/14 levels between patients who achieved remis-
sion on MTX and those who did not.

Disease activity at disease onset
The association between the PGA and laboratory 
parameters was quantified using linear regression 

(Table  2). In univariate analysis ESR, CRP, leuko-
cytes, S-MRP8/14, and P-MRP8/14 were related to 
PGA, whereas the association between neutrophils 
and PGA was not statistically significant. In multi-
variate analyses, we combined either P-MRP8/14 or 
S-MRP8/14 with the other laboratory parameters 
separately. The most effective predictive variable for 
PGA was P-MRP8/14 [adjusted β 0.07 (95% CI 0.03–
0.10; p < 0.001)], whereas S-MRP8/14 was no longer 
significant.

Because the number of patients with serum (n = 87) 
and plasma (n = 72) samples was different, we com-
pared the MRP levels between those 15 patients 
who lacked plasma samples and those 72 with both 
serum and plasma samples, but we did not find sta-
tistically significant differences. We also performed all 
the same linear regression analyzes for those 72 JIA 
patients with both serum and plasma samples, but the 
result was same as in the whole 87 patient population 
(data not shown).

Table 1  Demographic characteristics of the patients with juvenile idiopathic arthritis at the time of diagnosis and 1 year after the 
diagnosis

Data are either median (IQR), mean (SD) or n (%) where indicated. HLA-B27 Human leucocyte antigen B27, VAS Visual analogue scale, CHAQ Childhood health 
assessment questionnaire, MRP8/14 Myeloid-related protein 8/14

Number of patients (%)

Female sex, n (%) 62 (71)

HLA-B27 positivity, n (%) 23 (26)

Antinuclear antibody positivity, titer > or = 160, n (%) 41 (47)

JIA subtype, n (%)

Oligoarthritis, persistent 29 (33)

Oligoarthritis, extended 4 (4.5)

Polyarthritis, seronegative 43 (49)

Polyarthritis, seropositive 3 (3.5)

Enthesitis-related arthritis 8 (9)

Psoriatic arthritis 1 (1)

At diagnosis At one year
Median (IQR) Mean (SD) Median (IQR) mean (SD)

Age at diagnosis, years 5.8 (4.7–9.6) 6.6 (4.3)

Duration of arthritis symptoms at diagnosis, days 87 (47–185.5) 179 (276)

Active joint count 3 (1–8) 7 (9) 0 (0–1) 1 (4)

Physician’s global assessment, VAS 0 to 100 mm 21 (11–36) 25 (18) 2 (0–8) 6 (11)

Patient’s/parent’s assessment of global well-being, VAS  0 to 
100 mm

16 (5–35) 22 (20) 3 (0–13.3) 9 (13)

CHAQc 0 (0–0.38) 0.2 (0.4) 0 (0–0.13) 0.1 (0.2)

Erytrocyte sedimentation rate, mm/h 13 (7–28) 20 (21) 6 (3–8) 8 (9)

C-reactive protein, mg/l 2 (2–17) 14 (28) 2 (2–2) 5 (19)

Leucocytes E9/l 7.4 (6.1–9.7) 8.1 (2.8) 5.8 (4.8–7.7) 6.3 (2.0)

Neutrophils E9/l 3.8 (2.8–5.1) 4.2 (2.0) 2.5 (2.0–3.7) 2.8 (1.2)

MRP8/14d in serum, ng/ml 252 (180–317) 257 (115) 174 (113–244) 183 (103)

MRP8/14 in plasma, ng/ml 192 (100–344) 229 (168) 77 (100–136) 99 (91)

MRP8/14 in synovial fluid, ng/ml 1304 (993–1500) 1292 (409)
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Discussion
In this real-world cohort, we show the potential of blood 
MRP8/14 levels to predict the disease course of JIA for 
1.5 years after diagnosis. In addition, we showed for the 
first time that MRP8/14 measured in plasma might be 
superior to that measured in serum when assessing dis-
ease activity in newly diagnosed JIA patients.

To predict the disease course, we demonstrated that 
blood MRP8/14 levels in newly-diagnosed DMARD-
naive JIA patients were associated with the need for 
medication later. One third of our JIA patients were 

without DMARDs 1 year after the diagnosis, which is in 
line with the proportion of patients with the less aggres-
sive oligoarticular JIA subtype in this study. Patients 
who were using sDMARDs at 1 year had higher blood 

Fig. 1  Myeloid-related protein 8/14 levels in the control children and 
in the juvenile idiopathic arthritis patients. Myeloid-related protein 
(MRP) 8/14 measured at JIA diagnosis in serum (S-MRP8/14) (A) and 
in plasma (P-MRP8/14) (B). Each symbol represents the value of a 
given parameter for an individual patient. Results are given in terms 
of mean and standard deviation (SD)

Fig. 2  Myeloid-related protein 8/14 levels in the juvenile idiopathic 
arthritis patients according to need for treatment. Myeloid-related 
protein (MRP) 8/14 measured at JIA diagnosis in serum (S-MRP8/14) 
(A) and in plasma (P-MRP8/14) (B) in the treatment groups at 1 
year after the diagnosis: JIA patients without DMARDs, on synthetic 
DMARDs (sDMARDs), and on biological DMARDs (bDMARDs). Each 
symbol represents the value of a given parameter for an individual 
patient. Results are given in terms of mean and standard deviation 
(SD)
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MRP8/14 levels at the baseline compared to non-medi-
cated patients, reflecting higher levels of inflammation. 
MRP8/14 levels in patients who used bDMARDs were 

higher than levels in non-medicated patients, but the 
difference was not statistically significant. This could be 
explained by the small number of the bDMARD users.

The potential role of MRP8/14 in prognostic evalua-
tion emerged when comparing the blood MRP8/14 levels 
in patients who achieved clinically inactive disease sta-
tus while off medication for at least 6 months during the 
1.5-year follow-up period and those who started MTX 
treatment, regardless of treatment response. Lower levels 
were associated with sustainable inactive disease with-
out systemic medication. The MRP8/14 biomarkers and 
their relationships to outcome within the first year after 
JIA diagnosis were also studied in the German Inception 
Cohort of Newly Diagnosed Patients with JIA (ICON-
JIA) [18]. In contrast with our results, they found no 
association between MRP8/14 levels measured at base-
line and disease activity (cJADAS ≤1 or active joint count 
< 1) at 12 months. However, their cohort differed from 
ours in that a large number of their patients (156 of 212) 
were treated with sDMARDs, and their cohort consisted 
of patients with diagnosed with JIA recently (less than 
12 months before inclusion). They also divided the mate-
rial more roughly than we did, as they included only two 
groups: active and inactive disease. In our study, disease 
activity was assessed more accurately, using a continuous 
variable, PGA. Our observation of the role of MRP8/14 
as a prognostic tool is notable because of the importance 
of attempting to identify patients who may not need sys-
temic medication to avoid exposing them to potential 
treatment side effects, as well as identifying patients who 
require urgent treatment interventions.

We were unable to replicate the previously observed 
associations in JIA patients between increased pre-treat-
ment MRP8/14 levels and good responses to systemic drug 
therapy [12, 16, 17, 23]. Our results are in line with Baren-
dregt et al.’s recent study, in which the researchers found no 
difference in baseline MRP8/14 levels between JIA patients 
who responded to treatment and those who did not [20]. In 
our JIA population, more than half of the patients started 
MTX therapy within 8 months of diagnosis. Thus, the 
duration of the sampling to the start of medication varied 
between the patients, and inflammatory activity might have 
changed during that period. This could be one explanation. 
Another might be that in our real-world cohort, we set the 
endpoint as remission on MTX, which is a substantial tar-
get to attain. Our study population might also reflect real-
world situations more than the earlier studies did because 
we included all the consecutive patients with new-onset 
arthritis from a single hospital district area, including 
patients with very low disease activity. The preliminary core 
criteria for pediatric arthritis used in many other studies 
[12, 16, 17, 23] are insufficient in practice when achieving 
long-term remission should be the goal.

Fig. 3  Myeloid-related protein 8/14 levels according to methotrexate 
treatment and outcome at 1 year. Myeloid-related protein (MRP) 8/14 
measured at JIA diagnosis in serum (S-MRP8/14) (A) and in plasma 
(P-MRP8/14) (B) in the treatment groups according to methotrexate 
(MTX) treatment and remission at 1 year after the diagnosis: JIA 
patients without DMARDs, in remission on MTX, and no remission on 
MTX. Each symbol represents the value of a given parameter for an 
individual patient. Results are given in terms of mean and standard 
deviation (SD)
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We analyzed associations between the PGA and labora-
tory markers in the univariate model and found relation 
between the PGA and P-MRP8/14, S-MRP8/14, CRP and 
ESR (Table  2). Recent studies have also shown an asso-
ciation between MRP8/14 and disease activity markers 
such as ESR [12, 24] and CRP [16], but only a weak cor-
relation with a physician’s visual analog scale (VAS) [16], 
or a weak to no correlation with the number of active 
joints [12, 16]. The association with PGA and calpro-
tectin was obtained in a cohort of rheumatoid arthritis 
patients in which calprotectin correlated more strongly 
with the PGA than with other clinical parameters (i.e., 
swollen or tender joints, patient’s global VAS) and was 
more strongly associated with calprotectin in plasma 
than in serum [21]. We investigated the effect of combin-
ing laboratory markers and S-MRP8/14 or P-MRP8/14 
on the PGA using multivariate linear regression. We 
also demonstrated that a more effective set was to com-
bine the laboratory markers with P-MRP8/14 rather than 
S-MRP8/14. When combining CRP and P-MRP8/14, it 
seemed that P-MRP8/14 might be a better marker of dis-
ease activity than CRP in newly-onset JIA (Table  2). In 
S-MRP8/14, that kind of behavior was not observed. This 
highlights the utility of P-MRP8/14 as a tool for disease 
activity in patients with newly-onset JIA. Moreover, in a 
recent study, La et  al. found that S-MRP8/14 has more 

specificity than CRP does as a diagnostic tool and marker 
of disease activity for JIA [25].

Clinicians assess disease activity and evaluate patients’ 
condition at each visit to the rheumatology clinic. Labo-
ratory parameters constitute one evaluation tool, but 
they generally do not work well for overall assessment. In 
our study, we assessed the patients’ overall clinical con-
dition using the PGA as assessed on a VAS. The PGA is 
a general assessment of overall disease activity that can 
be performed easily in everyday practice. It involves sub-
jective opinion of a clinician, and it does not require any 
knowledge of scoring methods. PGA estimation has been 
demonstrated to be a more responsive outcome measure 
in children with JIA than other variables used in clinical 
trials of JIA [26, 27]. Although there is no accurate score 
for this parameter, Falcone et al. [28] established a good 
inter-observer agreement on the PGA with a wide spec-
trum of disease activity and severity among JIA patients. 
In our cohort, we tested inter-observer agreement by 
defining the PGA while reading the patients’ medi-
cal records. The estimation of disease activity was quite 
similar between the physicians in our unit (PK and PV). 
A substantial limitation in our analyses was that we stud-
ied the association of MRP8/14 only with the PGA and 
not also with the Juvenile Arthritis Disease Activity Score 
(JADAS) [29]. This was the case because the patient/

Table 2  Linear regression analyzes for the contribution of the laboratory parameters on PGA in VAS (0-100 mm) in all the 87 juvenile 
idiopathic arthritis patients

β regression coefficient, CI confidence interval, ESR Erythrocyte sedimentation rate, MRP8/14 Myeloid-related protein 8/14, PGA Physician’s global assessment of 
disease activity, VAS visual analog scale

Analysis Laboratory parameters Crude β 95% CI P-value

Univariate analysis

C-reactive protein mg/l 0.34 0.23, 0.46 < 0.001

ESR mm/h 0.36 0.20, 0.52 < 0.001

Leucocytes E9/l 1.34 0.01, 2.66 0.048

Neutrophils E9/l 1.85 −0.27, 3.98 0.09

MRP8/14 in plasma ng/ml 0.07 0.06, 0.09 < 0.001

MRP8/14 in serum ng/ml 0.06 0.03, 0.09 < 0.001

Multivariate analysis with MRP8/14 
in plasma

Adjusted β
C-reactive protein mg/l 0.16 −0.02, 0.34 0.08

ESR mm/h −0.09 −0.34, 0.15 0.46

Leucocytes E9/l 0.01 −2.12, 2.13 0.99

Neutrophils E9/l −0.31 −3.65, 3.03 0.85

MRP8/14 in plasma ng/ml 0.07 0.03, 0.10 < 0.001

Multivariate analysis with MRP8/14 
in serum

Adjusted β
C-reactive protein mg/L 0.29 0.11, 0.47 0.002

ESR mm/h 0.05 −0.21, 0.31 0.69

Leucocytes E9/L 0.59 −1.56, 2.75 0.58

Neutrophils E9/L −0.75 −3.9, 2.42 0.64

MRP8/14 in serum ng/mL 0.01 −0.03, 0.05 0.56
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parent assessment of global well-being at the time of 
diagnosis was only available for 60% of JIA patients.

Our study has certain limitations in addition to those 
above. We had serum samples from all of the patients, 
but plasma samples from only 72 out of 87 (82%). 
Because of that, we also repeated our analyzes in those 
patients (n = 72) who had both serum and plasma sam-
ples and found no significant differences in results com-
pared to the entire JIA patient data.

Most recent JIA studies focusing on MRP8/14 were assayed 
using serum samples [7–9, 11–14, 16, 17]. Considerably fewer 
studies used plasma samples [10, 23, 30, 31]. To our knowl-
edge, this population-based study is the first to compare 
MRP8/14 between serum and plasma samples in JIA. Our 
finding regarding the superiority of assaying of P-MRP8/14 
in the cohort of JIA patients is in line with Nordal et  al.’s 
findings regarding adult rheumatoid arthritis patients [21]. 
As in that study, we also identified lower concentrations of 
P-MRP8/14 than S-MRP8/14. Nordal et al. assumed that this 
might be due to the increased in  vitro release of MRP8/14 
from activated neutrophils during the handling of blood for 
serum sampling. This can also lead to incorrectly high levels 
of S-MRP8/14 in patients with mild disease. This observation 
would partly explain the superiority of plasma samples com-
pared to serum samples, as the former are more stable during 
handling, and the risks of artifacts are lower.

Our prospective real-world study of new-onset treat-
ment-naïve JIA patients, demonstrates the potential of 
MRP8/14 in the prediction of the disease course. When 
we have the means to identify patients with an aggres-
sive disease course, even at the time of diagnosis, we can 
quickly target them with medical interventions probably 
avoid subsequent consequences. In addition, patients 
with a mild disease course can avoid exposure to poten-
tially harmful medication side effects.

Conclusions
In summary, at JIA diagnosis, MRP8/14 blood levels pre-
dict the course of the disease and the need for systemic 
medication later. Based on our results, the measurement of 
MRP8/14 levels in plasma might be better than the meas-
urement in serum when assessing disease activity in JIA. 
More studies are needed on the use of biomarkers as tools 
for predicting disease course among JIA patients in real-
world treatment settings, and serum and plasma MRP8 /14 
should be studied and compared in another JIA population.

Abbreviations
ACR​: American College of Rheumatology; CHAQ: Childhood Health Assess-
ment Questionnaire; CRP: C-reactive protein; DMARD: Disease-modifying 
antirheumatic drugs; ELISA: Enzyme-linked immunosorbent assay; ILAR: Inter-
national League of Associations for Rheumatology; JADAS: Juvenile Arthritis 
Disease Activity Score; JIA: Juvenile idiopathic arthritis; MTX: Methotrexate; 
MRP8/14: Myeloid-related protein 8/14; PGA: Physician’s global assessment of 
disease activity; VAS: Visual analog scale.

Authors’ contributions
PLK is the first author and she contributed to collection, analysis and interpreting 
the data. PV is the corresponding author and she contributed to data interpreta-
tion, study conception and design. SK and VG planned sample processing and 
designed the laboratory analyses. SS, PLK, PV and PK recruited the patients and 
collected the patient and healthy control samples. TP was expert and consultant 
in data analyses. All authors critically reviewed and approved the final manuscript.

Funding
The authors disclosed receipt of the following financial support for the 
research, authorship and/or publication of this article. This study was sup-
ported by the Alma and K. A. Snellman Foundation, Oulu, Finland; the Finnish 
Rheumatic Disease Research Foundation; the Finnish Medical Foundation; the 
Finnish Cultural Foundation; the Finnish Pediatric Research Foundation; and 
the Päivikki and Sakari Sohlberg Foundation.

Availability of data and materials
The data and materials used in this study can be made available on request.

Declarations

Ethics approval and consent to participate
Study consent was obtained from parents and patients or healthy children 
when appropriate. The ethics committee of the Northern Ostrobothnia Hospi-
tal District approved the study protocols (number 32/2009 and 104/2009).

Consent for publication
The authors assign all rights and privileges and give consent for publication of 
this work to Pediatric rheumatology.

Competing interests
The authors declare no conflicts of interest.

Author details
1 PEDEGO Research Unit, University of Oulu, Oulu, Finland. 2 Department 
of Pediatrics, Oulu University Hospital, Kajaanintie 50, 90220 Oulu, Finland. 
3 Medical Research Center, Oulu University Hospital and University of Oulu, 
Oulu, Finland. 4 Research Unit of Biomedicine, University of Oulu, Oulu, Finland. 

Received: 1 February 2022   Accepted: 30 May 2022

References
	1.	 Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, et al. 

International league of associations for rheumatology classification of 
juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheuma-
tol. 2004;31(2):390–2.

	2.	 Consolaro A, Varnier GC, Martini A, Ravelli A. Advances in biomarkers for 
paediatric rheumatic diseases. Nat Rev Rheumatol. 2015;11(5):265–75.

	3.	 Mariani A, Marsili M, Nozzi M, Faricelli R, Chiarelli F, Breda L. Serum 
calprotectin: review of its usefulness and validity in paediatric rheumatic 
diseases. Clin Exp Rheumatol. 2015;33(1):109–14.

	4.	 Foell D, Wittkowski H, Roth J. Mechanisms of disease: A “DAMP” view of 
inflammatory arthritis. Nat Clin Pract Rheumatol. 2007;3(7):382–90.

	5.	 Vogl T, Tenbrock K, Ludwig S, Leukert N, Ehrhardt C, van Zoelen MAD, 
et al. Mrp8 and Mrp14 are endogenous activators of toll-like receptor 4, 
promoting lethal, endotoxin-induced shock. Nat Med. 2007;13(9):1042–9.

	6.	 Malemud CJ. Myeloid-related protein activity in rheumatoid arthritis. Int J 
Inflam. 2011;2011:580295.

	7.	 Holzinger D, Frosch M, Kastrup A, Prince FHM, Otten MH, van Suijlekom-Smit 
LWA, et al. The toll-like receptor 4 agonist MRP8/14 protein complex is a 
sensitive indicator for disease activity and predicts relapses in systemic-onset 
juvenile idiopathic arthritis. Ann Rheum Dis. 2012;71(6):974–80.

	8.	 Frosch M, Strey A, Vogl T, Wulffraat NM, Kuis W, Sunderkötter C, et al. 
Myeloid-related proteins 8 and 14 are specifically secreted during interac-
tion of phagocytes and activated endothelium and are useful markers for 
monitoring disease activity in pauciarticular-onset juvenile rheumatoid 
arthritis. Arthritis Rheum. 2000;43(3):628–37.



Page 9 of 9Keskitalo et al. Pediatric Rheumatology           (2022) 20:42 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Frosch M, Vogl T, Seeliger S, Wulffraat N, Kuis W, Viemann D, et al. Expres-
sion of myeloid-related proteins 8 and 14 in systemic-onset juvenile 
rheumatoid arthritis. Arthritis Rheum. 2003;48(9):2622–6.

	10.	 Berntzen HB, Fagerhol MK, Ostensen M, Mowinckel P, Hoyeraal HM. The 
L1 protein as a new indicator of inflammatory activity in patients with 
juvenile rheumatoid arthritis. J Rheumatol. 1991;18(1):133–8.

	11.	 Schulze zur Wiesch A, Foell D, Frosch M, Vogl T, Sorg C, Roth J. Myeloid 
related proteins MRP8/MRP14 may predict disease flares in juvenile idi-
opathic arthritis. Clin Exp Rheumatol. 2004;22(3):368–73.

	12.	 Anink J, van Suijlekom-Smit LWA, Otten MH, Prince FHM, van Rossum 
MAJ, Dolman KM, et al. MRP8/14 serum levels as a predictor of response 
to starting and stopping anti-TNF treatment in juvenile idiopathic arthri-
tis. Arthritis Res Ther. 2015;17(1):200.

	13.	 Gerss J, Roth J, Holzinger D, Ruperto N, Wittkowski H, Frosch M, et al. 
Phagocyte-specific S100 proteins and high-sensitivity C reactive protein as 
biomarkers for a risk-adapted treatment to maintain remission in juvenile 
idiopathic arthritis: A comparative study. Ann Rheum Dis. 2012;71(12):1991–7.

	14.	 Foell D, Wulffraat N, Wedderburn LR, Wittkowski H, Frosch M, Gerß J, et al. 
Methotrexate withdrawal at 6 vs 12 months in juvenile idiopathic arthritis 
in remission a randomized clinical trial. JAMA. 2010;303(13):1266–73.

	15.	 Otten MH, Prince FHM, Armbrust W, ten Cate R, Hoppenreijs EPAH, Twilt 
M, et al. Factors associated with treatment response to etanercept in 
juvenile idiopathic arthritis. JAMA. 2011;306(21):2340–7.

	16.	 Moncrieffe H, Ursu S, Holzinger D, Patrick F, Kassoumeri L, Wade A, et al. 
A subgroup of juvenile idiopathic arthritis patients who respond well to 
methotrexate are identified by the serum biomarker MRP8/14 protein. 
Rheumatology (Oxford). 2013;52(8):1467–76.

	17.	 Bagri NK, Karmakar S, Haldar P, Lodha R, Kabra SK. Role of serum MRP8/14 
in predicting response to methotrexate in children with juvenile idi-
opathic arthritis. J Clin Rheumatol. 2021;27(8):e336–e341.

	18.	 Ganeva M, Fuehner S, Kessel C, Klotsche J, Niewerth M, Minden K, et al. 
Trajectories of disease courses in the inception cohort of newly diag-
nosed patients with JIA (ICON-JIA): the potential of serum biomarkers at 
baseline. Pediatric Rheumatol. 2021;19(1):64.

	19.	 Hinze CH, Foell D, Johnson AL, Spalding SJ, Gottlieb BS, Morris PW, et al. 
Serum S100A8/A9 and S100A12 Levels in Children With Polyarticular 
Forms of Juvenile Idiopathic Arthritis: Relationship to Maintenance of 
Clinically Inactive Disease During Anti–Tumor Necrosis Factor Therapy 
and Occurrence of Disease Flare After Discontinuation of Therapy. Arthri-
tis Rheumatol. 2019;71(3):451–9.

	20.	 Barendregt AM, Veldkamp SR, Hissink Muller PCE, van de Geer A, Aarts 
C, van Gulik EC, et al. MRP8/14 and neutrophil elastase for predicting 
treatment response and occurrence of flare in patients with juvenile idi-
opathic arthritis. Rheumatology (Oxford). 2020;59(9):2392–401.

	21.	 Nordal HH, Fagerhol MK, Halse AK, Hammer HB. Calprotectin (S100A8/A9) 
should preferably be measured in EDTA-plasma; results from a longitu-
dinal study of patients with rheumatoid arthritis. Scand J Clin Lab Invest. 
2018;78(1–2):102–8.

	22.	 Wallace CA, Ruperto N, Giannini EH. Preliminary criteria for clinical remis-
sion for select categories of juvenile idiopathic arthritis. J Rheumatol. 
2004;31(11):2290–4.

	23.	 Alberdi-Saugstrup M, Nielsen S, Mathiessen P, Nielsen CH, Mül-
ler K. Low pretreatment levels of myeloid-related protein-8/14 and 
C-reactive protein predict poor adherence to treatment with tumor 
necrosis factor inhibitors in juvenile idiopathic arthritis. Clin Rheumatol. 
2017;36(1):67–75.

	24.	 Wulffraat NM, Haas PJ, Frosch M, de Kleer IM, Vogl T, Brinkman DMC, et al. 
Myeloid related protein 8 and 14 secretion reflects phagocyte activa-
tion and correlates with disease activity in juvenile idiopathic arthritis 
treated with autologous stem cell transplantation. Ann Rheum Dis. 
2003;62(3):236–41.

	25.	 La C, Lê PQ, Ferster A, Goffin L, Spruyt D, Lauwerys B, et al. Serum calprotectin 
(S100A8/A9): A promising biomarker in diagnosis and follow-up in different 
subgroups of juvenile idiopathic arthritis. RMD Open. 2021;7(2):e001646.

	26.	 Ruperto N, Ravelli A, Migliavacca D, Viola S, Pistorio A, Duarte C, et al. 
Responsiveness of clinical measures in children with oligoarticular juve-
nile chronic arthritis. J Rheumatol. 1999;26(8):1827–30.

	27.	 Ruperto N, Ravelli A, Falcini F, Lepore L, Buoncompagni A, Gerloni V, 
et al. Responsiveness of outcome measures in juvenile chronic arthritis. 
Italian pediatric rheumatology study group. Rheumatology (Oxford). 
1999;38(2):176–80.

	28.	 Falcone A, Cassone R, Rossi F, Pistorio A, Martini A, Ravelli A. Inter-
observer agreement of the physician’s global assessment of disease 
activity in children with juvenile idiopathic arthritis. Clin Exp Rheumatol. 
2005;23(1):113–6.

	29.	 Backström M, Tynjälä P, Ylijoki H, Aalto K, Kärki J, Pohjankoski H, et al. Find-
ing specific 10-joint juvenile arthritis disease activity score (JADAS10) and 
clinical JADAS10 cut-off values for disease activity levels in non-systemic 
juvenile idiopathic arthritis: A Finnish multicentre study. Rheumatology 
(Oxford). 2016;55(4):615–23.

	30.	 Rahman MT, Myles A, Gaur P, Misra R, Aggarwal A. TLR4 endogenous 
ligand MRP8/14 level in enthesitis-related arthritis and its association 
with disease activity and TLR4 expression. Rheumatology (Oxford). 
2014;53(2):270–4.

	31.	 Alberdi-Saugstrup M, Zak M, Nielsen S, Herlin T, Nordal E, Berntson L, 
et al. High-sensitive CRP as a predictive marker of long-term outcome in 
juvenile idiopathic arthritis. Rheumatol Int. 2017;37(5):695–703.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Myeloid-related protein 814 in plasma and serum in patients with new-onset juvenile idiopathic arthritis in real-world setting in a single center
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Patients
	Data collection
	Evaluation of disease course
	Serological samples and measurements
	Controls
	Statistical analysis

	Results
	Characteristics of patients and controls
	Disease course
	Disease activity at disease onset

	Discussion
	Conclusions
	References


