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Myeloid related protein 8 and 14 secretion reflects
phagocyte activation and correlates with disease activity
in juvenile idiopathic arthritis treated with autologous
stem cell transplantation
N M Wulffraat, P J Haas, M Frosch, I M de Kleer, T Vogl, D M C Brinkman, P Quartier,
J Roth, W Kuis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ann Rheum Dis 2003;62:236–241

Objectives: To determine whether myeloid related proteins (MRP8/MRP14), a complex of two S100
proteins related to neutrophil and monocyte activation, might be used as a marker for disease activity,
and as an early indicator of relapse in juvenile idiopathic arthritis.
Patients and methods: A group of 12 patients who underwent an autologous haematopoietic stem
cell transplantation (ASCT) for refractory juvenile idiopathic arthritis (JIA) were studied. MRP8/MRP14
serum concentrations were determined by a sandwich enzyme linked immunosorbent assay (ELISA) as
described. Improvement from baseline was described by a definition of improvement employing a core
set of criteria as detailed previously by Giannini.
Results: After ASCT, MRP8/MRP14 serum concentrations in JIA showed a positive correlation with the
Child Health Assessment Questionnaire (CHAQ; r=0.80) and erythrocyte sedimentation rate (r=0.45),
but not with the total leucocyte count (r=0.26). Mean MRP8/MRP14 serum concentrations dropped
markedly in the first three months after ASCT (p=0.0039) and clinical parameters of disease activity
such as CHAQ markedly improved (p=0.0039). During a transient relapse there was an increase in
MRP8/MRP14.
Conclusions: MRP8/MRP14 serum concentration can be used as a marker for disease activity in
patients who receive an ASCT for refractory JIA. This indicates a role of macrophage activation in the
pathogenesis of JIA. The occurrence of MAS in three patients in this study was not preceded by signifi-
cant changes in MRP8/MRP14 concentration.

Myeloid related proteins 8 (MRP8) and MRP14 are two
S100 proteins specific to myeloid cells and expressed
in neutrophils and monocytes. Although their exact

function is not yet known, MRP8 and MRP14 may play a part
in immobilising myeloid cells to endothelium. It has been
suggested that the MRP8/MRP14 complex may modulate
myeloid cell maturation.1 MRP8 and MRP14 have a distinct
role in neutrophil and monocyte activation.2–5 Recently, Frosch
et al found that MRP8 and MRP14 are specifically released
during the interaction of monocytes with inflammatory
activated endothelium, probably at sites of local inflammation.
They showed that the serum concentrations represent a useful
marker for monitoring local inflammation in oligoarticular
juvenile idiopathic arthritis (JIA).6 We extended this study to
other forms of JIA—namely, the polyarticular and systemic
subtypes.

Autologous haematopoietic stem cell transplantation
(ASCT) has been described as a possible treatment for severe
autoimmune disease refractory to conventional treatment,
such as combinations of non-steroidal anti inflammatory
drugs, anti-inflammatory drugs such as methotrexate (MTX),
cyclosporin A, cyclophosphamide, prednisone, and tumour
necrosis factor (TNF) receptor blocking agents.7–16 A recent
study reported a follow up of 3–34 months of 12 children with
severe and longstanding JIA refractory to conventional treat-
ment who received an ASCT.9 These patients showed a marked
and sustained decrease in arthritis severity as expressed in
core set criteria for JIA activity and were therefore also
included in this study.

We here report the results of serial determination of MRP
serum concentrations and disease activity in a group of 12

patients with JIA (nine with systemic JIA and three with

polyarticular JIA) before and after ASCT.

PATIENTS AND METHODS
Patients and ASCT
The inclusion criteria for an ASCT in patients with JIA are as

described by Wulffraat et al.9 10 These criteria were failure to

respond to at least two disease modifying antirheumatic drugs

(DMARDs; including high dose MTX intramuscularly 1

mg/kg/wk), failure to respond to TNFα blocking agents,

steroid dependency (>0.3 mg/kg/day needed to control symp-

toms), unacceptable toxicity to DMARDs or corticosteroids.

Exclusion criteria were cardiorespiratory insufficiency, chronic

active infection such as Epstein-Barr virus, cytomegalovirus,

toxoplasmosis, spiking fever despite steroids, end stage

disease (Steinbrocker IV), or poor compliance. All patients met

the described inclusion criteria.

The conditioning regimen and ASCT have been described

previously.9 10 Haematopoietic stem cells were taken by

conventional bone marrow aspiration. In patients 1–7 and 11

the graft was purged by two cycles of T cell depletion with
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anti-CD2 and anti-CD3 antibodies, yielding a final suspension

with a CD34 positive stem cell count of 0.5–6.5×106 CD34

cells/kg and <5×105 CD3 cells/kg. In patients 8–10 and 12 the

graft was purged by positive selection of CD34 positive stem

cells using the Myltenyi device, which was introduced into our

clinic in 1999. Thus a suspension was obtained containing

0.5–4×106 CD34 cells/kg and <0.3×105 CD3 cells/kg, which was

stored in liquid nitrogen.

The conditioning regimen included four days of antithymo-

cyte globulin (Sangstat, France) in a dose of 5 mg/kg/day from

day –9 to –6, cyclophosphamide in a dose of 50 mg/kg/day

from day –5 to –2, and low dose total body irradiation (four

gray, single fraction) on day –1. At day 0 the frozen stem cell

suspension was thawed and infused. MTX and cyclosporin A

were stopped before ASCT, prednisone was tapered after 2–4

months.10 Clinical follow up consisted of a three month inter-

val evaluation of core set criteria over the first year after trans-

plant and at 18, 24, 36, and 48 months, together with determi-

nation of MRP8/MRP14 serum concentration. Patient No 7

(table 1), developed a macrophage activation syndrome

(MAS) five months after ASCT. Her MRP8/MRP14 concentra-

tions were determined before and three months after ASCT

and during MAS. Informed consent was obtained in all cases.

The study was approved by the Institutional Research Board.

Controls
Thirty four patients (18 male, 16 female; mean age 6.3 years,

range 2–13) affected by systemic JIA (11 at initial presenta-

tion, nine during relapse, and 14 in remission) were tested as

controls. In addition, 15 patients (seven male, eight female

mean age 7.6 years, range 3–17) with polyarticular JIA (eight

with active disease, seven in remission) were also tested.

Thirty healthy children (17 male, 13 female; mean age 7.8

years, range 2.5–12) who underwent blood sampling for other

reasons—for example, exclusion of growth hormone deficit,

and who had no history of inflammatory disorders or

infections served as controls.6

We also determined MRP8/MRP14 serum concentrations in

a number of other inflammatory diseases. We included nine

patients with systemic lupus erythematosus (SLE). Two of

these nine also received an ASCT because of persisting

nephritis, low complement, high dsDNA, and steroid depend-

ency. Seven patients with juvenile dermatomyositis were also

included. Of these seven patients, two during the initial phase

had high creatine kinase (CK), skin activity, and decreased

muscle strength, one during a flare with decreased muscle

strength but normal CK, and four in remission with normal

muscle strength and low CK levels.

To exclude the possibility that decreases in MRP8/MRP14

concentrations were caused by the conditioning treatment

itself and not by disease activity we also determined

MRP8/MRP14 concentrations in four patients who underwent

stem cell transplantation using similar conditioning regimens

for relapsed leukaemia or immunodeficiencies.

Determination of MRP8/MRP14 serum concentration
and statistics
MRP8/MRP14 serum concentrations were determined by a

sandwich enzyme linked immunosorbent assay (ELISA)

system as described previously.4 For calibration different

amounts (0.25–250 ng/ml) of the native complex of human

MRP8 and MRP14 were used, which were isolated from

human granulocytes.4 The assay has a sensitivity of <0.5

ng/ml and a linear range between 1 and 30 ng/ml. MRP8 and

MRP14 form non-covalently associated complexes in the

presence of extracellular calcium concentrations, which are

detected by the sandwich ELISA system.17 Therefore the

ELISA is calibrated with the native MRP8/MRP14 complex

and the data are expressed as ng/ml MRP8/MRP14.6 The

serum samples were coded, and the results represent the

mean of duplicates of each of three dilutions within the linear

range.

We determined the MRP8/MRP14 serum concentrations

before the ASCT (1–3 months) and at three months intervals

after ASCT. The follow up ranged from 5–48 months (table 1).

The median follow up was 24 months. Statistical analysis was

performed using a Wilcoxon matched pairs signed ranks test.

Definition of improvement
A preliminary investigation of outcome variables for clinical

trials in childhood arthritis has been undertaken by Giannini

et al.18 We use these criteria, adopted by the Paediatric

Rheumatology International Trials Organisation group

(PRINTO) for future trial planning to measure disease

activity.19 The core set of these criteria consists of (a) doctor’s

global assessment of disease activity; (b) parent/patient

assessment of overall wellbeing (a visual analogue scale as

part of the Child Health Assessment Questionnaire (CHAQ));

(c) functional ability (disability as measured by the CHAQ);

(d) number of joints with active arthritis (Fuchs Swelling

Index); (e) number of joints with limited range of motion,

(EPM-ROM); and (f) erythrocyte sedimentation rate

(ESR).20–22 The definition of improvement used to assess

disease response employs these six variables by analogy with

the American College of Rheumatology criteria for improve-

ment of rheumatoid arthritis under treatment. To meet the

definition of a 30% improvement the patients had to have a

30% improvement from baseline in at least three of five

response variables. They could also have a worsening of 30% or

more in no more than one out of six response variables.

Table 1 Clinical characteristics of the patients with JIA before and after ASCT

Patient
(sex)

Onset age
(years)

Onset
form ASCT (age)

Follow up
(months)

Improvement over
baseline (%) at last
follow up

Present drug
treatment

1(F) 1 Sys 6 y 7 mo 48 70 None Transient infection related relapse at 24 mo
2(F) 3 Poly 7 y 9 mo 36 70 None Remission
3(M) 3 6 mo Sys 11 y 2 mo 36 50 Naprosyne Transient infection related relapse at 12 mo,

partial responder
4(F) 5 y 2.5 mo Sys 11 y 2 mo 24 70 None Transient infection related relapse at 5 mo
5(M) 4 Sys 10 y 6 mo 24 70 None Remission
6(M) 5 Sys 9 y 4 mo 24 70 None Transient relapse at 14 mo (after vaccination)
7(F) 3 Sys 14 y 2 mo 5 Fatal MAS at 5 mo
8(M) 5 Poly 12 y 2 mo 26 50 None Remission
9(M) 4 y 1 mo Sys 13 y 6 mo 24 70 Low steroids Remission
10(M) 3 Poly 8 y 1 mo 10 70 Low steroids Remission
11(F) 7 y 7 mo Sys 10 y 7 mo 16 70 None Remission
12(M) 1 y 2 mo Sys 5 y 10 mo 8 0 Steroids, MTX,

cyclophos. pulse
Persistent relapse
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Patients were also evaluated for 50% and 70% improvement.

We calculated the improvement estimates at the most recent

follow up (table 1).

RESULTS
Clinical follow up (up to three years) after ASCT, for 11 of the

12 patients, has been described previously.18 In two patients

the ESR increased again after three months with a mild and

transient synovitis of the hip and knee after a varicella zoster

virus infection or tonsillitis. One patient had a transient syno-

vitis of one elbow two weeks after an MMR vaccination, which

resolved within two weeks. These transient relapses were

treated with low dose steroids for less than three months or

required no treatment at all.

In 10 patients with JIA MRP8/MRP14 serum concentra-

tions strongly decreased after ASCT. The mean MRP8/MRP14

concentration dropped from 33 029 ng/ml (248 600–660

ng/ml) to 5820 ng/ml (48 200–100 ng/ml) in the first three

months after ASCT (p=0.0039) (fig 1). In six of 12 patients

MRP8/MRP14 serum concentrations reached normal values

within the first three months. In parallel with the decrease in

MRP8/MRP14 serum concentration there was a decrease in

measures of clinical disease activity. Table 2 shows, as an

example of this, the mean total CHAQ values. Mean CHAQ

dropped from 4.98 (7.0–3.6) before ASCT to 2.35 (3.8–0.1) in

the first three months after ASCT (p=0.0039), indicating a

decrease in disease activity. Eight of 12 patients maintained

normal MRP8/MRP14 serum concentrations during a period

of up to four years’ follow up after ASCT. These patients all

showed >70% decrease in disease activity.

Patient 8 (table 1) did not reach a normal MRP8/MRP14

value, but did show a clear decrease in MRP8/MRP14 serum

concentration from 248 600 ng/ml before ASCT to 41 500

ng/ml two years after ASCT. At the last follow up at two years

this patient showed a 50% improvement. Patient 12 had a per-

sistent relapse (<30% improvement) after seven months. He

showed an initial decrease in MRP8/MRP14 concentration

from 25 000 ng/ml before ASCT to 3730 ng/ml five months

after ASCT (corresponding with a 50% improvement). Then

his MRP8/MRP14 concentration increased concurrently with

a clinical relapse to 23 000 ng/ml at 8–11 months’ follow up,

comparable with his pre-transplant MRP8/MRP14 values (fig

1). Patient 3 (table 1 and fig 1) showed an improvement of

only 30% (because of a high ESR and high CHAQ) but did

show some decrease in MRP8/MRP14 concentration from

14 800 ng/ml before ASCT to 9000 ng/ml 30 months after

ASCT. Patient 1 (fig 1) showed a decrease of 12 000 (level

before ASCT) to 900 ng/ml during a period of 70%

improvement. Two years after ASCT she had a transient flare

of fever and arthritis (associated with a streptococcal throat

infection) and a concomitant (transient) rise in MRP levels to

5900.

Figure 2 shows the relation between ESR and MRP serum

concentration in patients with systemic JIA divided into a

before and after ASCT group. The ESR correlated positively

with MRP serum concentration in both groups (r=0.45). Cor-

relations between MRP8/MRP14 concentrations and leucocyte

(r=0.26) or neutrophil counts (r=0.29) were not significant.

Figure 3 shows the MRP serum concentrations in various

control groups and healthy controls. Note that the MRP serum

concentrations in patients were not followed up longitudi-

nally. Thus MRP values of individual patients during initial

presentation, remission, or flare cannot be compared. As a

group, however, the differences between systemic JIA with

active disease and systemic JIA were statistically significant.

After transplant MRP8/MRP14 concentrations decreased

significantly and reached normal levels that were comparable

with those in JIA that has gone into remission after

conventional treatment. In SLE and dermatomyositis MRP8/

MRP14 serum concentrations were not significantly raised. In

dermatomyositis, the MRP8/MRP14 levels were very low, both

in the three patients with active disease (two of whom had

raised CK levels) and the four patients with dermatomyositis

in remission. It remains possible that MRP is related to CK

Figure 1 MRP8/MRP14 serum
concentration decreases after stem
cell transplantation.

Table 2 Mean MRP and mean CHAQ before and after ASCT

Before 0–3 4–6 7–9 9–12 12–24 24–36 37–48 Healthy

No 12 12 11 5 4 12 6 2 30
Mean (MRP8/14) 33029 5820 2270 8490 1813 8193 8012 1300 338
SD 66958 11971 2761 9355 3345 15030 12400 0 202
p (MRP) 0.0039 0.0156 np np np np np
Mean CHAQ 4.98 2.35 2.10 1.51 2.27 1.64 0.7 0
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levels, and may be raised in the initial phase of juvenile

dermatomyositis.

Two patients with SLE treated with ASCT showed low

MRP8/MRP14 concentrations before and at the six month fol-

low up after ASCT all within the normal range (50–720

ng/ml). In four patients with relapsed leukaemia treated with

allogeneic SCT, changes in MRP8/MRP14 values ranged from

220 ng/ml to 880 ng/ml from one month before to one month

after ASCT. These concentrations are within normal values.

In one patient with JIA who developed MAS five months

after ASCT, MRP8/MRP14 concentrations were 930 ng/ml

before ASCT and 225 ng/ml three months after ASCT. Two

months later she developed MAS, and MRP8/MRP14 values

were determined twice within five days and were 500 ng/ml

and 185 ng/ml.

DISCUSSION
This study shows a correlation between MRP8/MRP14 serum

concentrations and disease activity in patients with refractory

JIA who underwent an ASCT. ASCT induced a remission of

disease in 10/12 patients, indicated by a decrease in at least

three of the six core set criteria, together with a decrease in

MRP8/MRP14 serum concentration.9

Frosch et al assumed that MRP8 and MRP14 might be

released at sites of local inflammation during interaction of

pre-activated phagocytes and TNF stimulated endothelium

and thus would be reliable markers of local activity of the

phagocyte system during inflammatory processes.6 MRP8/

MRP14 is not produced by hepatocytes or B cells. Oligo-

arthritis represents a local activation of phagocytes, thus

MRP is a local marker here, in contrast with systemic JIA

with its systemic activation of phagocytes. Conventional

markers—for example, ESR and C reactive protein (CRP),

lack the required sensitivity and specificity because they

reflect acute phase responses mediated by hepatocytes or B

lymphocytes rather than activation of phagocytes during

inflammation.6 Transient or persistent relapse in three

patients after ASCT was accompanied by an increase in

MRP8/MRP14 serum concentration. One patient with JIA

with a persistent relapse after ASCT showed an increase in

MRP8/MRP14 serum concentration exceeding the pre-

transplant concentration. The significant increase in MRP8/

MRP14 concentration during active JIA and the correlation

with disease activity support the assumption that phagocytes

excreting MRP8 and MRP14 play a part in the pathogenesis

of JIA. It has been postulated that MRP8 and MRP14 induce

expression of chemoattractants through specific receptors.6

This process activates nuclear factor κB, which has a role in

gene regulation during inflammatory stimulation of endothe-

lium. In addition, the occurrence of MAS in JIA also favours

the concept of abnormal macrophage function in the patho-

genesis of the disease.

MAS is a complication of mostly systemic JIA reflecting

abundant macrophage activation due to loss of T cell

control.23–25 As MRP8/MRP14 is a marker of phagocyte system

activity we expected its serum concentration to rise during or

before MAS. One patient who developed a MAS five months

Figure 2 Correlation between ESR and MRP8/MRP14
concentration. BMT, bone marrow transplant. Please note the
logarithmic scale of the y axis.

Figure 3 MRP8/MRP14 serum
concentrations in different
autoimmune diseases and healthy
controls. SCT, stem cell transplant.
Data are presented as means (SEM).
Please note the logarithmic scale of
the y axis.
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after ASCT showed persistently low MRP8/MRP14 serum

concentrations before and during MAS (table 1, patient 7).

The fact that this patient did not show an increase in MRP8/

MRP14 concentration indicates that MRP8/MRP14 is not a

reliable marker of early MAS. This is contrary to our expecta-

tions. Two additional patients with JIA treated elsewhere

with ASCT, not included in our series, and who developed a

MAS 15 days after ASCT showed high MRP8/MRP14 serum

concentrations of between 20 000 and 100 000 ng/ml that did

not differ from pre-transplant levels found in all other

patients. A report of the case of one of these patients was

published by Quartier et al.26 This lack of increase may be

explained by the fact that these two cases (one from the

Netherlands and one from France) developed MAS during

deep aplasia, shortly after ASCT, so at that time the state of

immune and haematological reconstitution was incomplete.

At the time of onset of MAS in these two patients, the MRP8/

MRP14 levels were still very high, comparable with pre-

transplant levels, and in the same range as other greatly

raised levels found in controls with active systemic onset JIA.

We are prospectively following up a cohort of patients with

systemic onset JIA who are receiving conventional treatment

to see if MRP8/MRP14 levels do correlate with (very rare)

events such as MAS. This is a continuing study. Because

MRP8 and MRP14 expression is restricted to neutrophils and

early differentiation stages of monocytes, the lack of increase

in serum MRP8/MRP14 in MAS seems to point to a possible

involvement of mature or resident tissue macrophages in the

pathogenesis of MAS.27–29 These resident non-dividing tissue

macrophages are relatively resistant to low dose total body

irradiation and may thus explain the occurrence of MAS

shortly after ASCT when the feedback control of T cells is

lacking.30

The patients with MAS shortly after ASCT had high

systemic activity—for example, spiking fever lymphadenopa-

thy, thrombocytosis, anaemia and high serum ferritin levels,

just before and during conditioning. Removing the control of

T lymphocytes by the conditioning regimen might have

predisposed these patients to the occurrence of MAS. We

therefore propose not to carry out transplants in future

patients during phases of high systemic activity but rather to

bring them first into (temporary) remission with pulsed ster-

oids. In addition one must remain alert for early symptoms of

MAS—for example, spiking fever, splenomegaly and pancyto-

penia, and treatment with steroids and cyclosporin must

begin promptly.23 31

The observed MRP increases seem to be specific for

chronic arthritis because other autoimmune disorders such

as SLE or dermatomyositis, whether active or in remission, do

not show raised values. Here CRP and ESR may be low in the

presence of active disease. In these diseases there is no corre-

lation between MRP and ESR. Further studies of patients

with dermatomyositis at presentation are needed to see if

there is a correlation with CK values. To examine the issue of

specificity further, it would be of interest to test children with

chronic infectious diseases such as osteomyelitis or cystic

fibrosis.

In a group of patients treated with stem cell transplantation

for other diseases—for example, SLE (n=2) or leukaemia

(n=4), the MRP8/MRP14 concentrations do not change

significantly, indicating that the decrease in MRP8/MRP14

serum concentration found in the group of patients with JIA

is not due to the conditioning regimen but specifically reflects

disease activity of JIA.
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ONLINE SUBMISSION....................................................................................
New ARD online submission and review system

We are pleased to inform authors and reviewers of

ARD’s new online submission and review system:

Bench Press. This is a fully integrated electronic

system which uses the internet to allow rapid and efficient

submission of manuscripts, and the entire peer review process

to be conducted online.

Authors can submit their manuscript in any standard word

processing software. Graphic formats acceptable are: .jpeg, .tiff,

.gif, and .eps. Text and graphic files are automatically converted

to PDF for ease of distribution and reviewing purposes. Authors

are asked to approve their submission before it formally enters

the reviewing process.

To access the system click on “SUBMITTING YOUR

MANUSCRIPT” on the ARD home page: http://www.

annrheumdis.com/, or you can access Bench Press directly at

http://submit-ard.bmjjournals.com/.
We are very excited with this new development and we

would encourage authors and reviewers to use the online

system where possible. It really is simple to use and should be

a big improvement on the current peer review process. Full

instructions can be found on Bench Press and ARD online.
Please contact Natalie Davies, Project Manager,

ndavies@bmjgroup.com for further information.

Pre-register with the system
We would be grateful if all ARD authors and reviewers

pre-registered with the system. This will give you the

opportunity to update your contact and expertise data, allow-

ing us to provide you with a more efficient service.

Instructions for registering
1 Enter http://submit-ard.bmjjournals.com
2 Click on “Create a new account” in the upper left hand side of the

Bench Press home page
3 Enter your email address in the space provided
4 Choose a password for yourself and enter it in the spaces

provided
5 Complete the question of your choice to be used in the event you

cannot remember your password at a later time (this will be
needed if you forget your password)

6 Click on the “Complete step 1” button at the bottom of the screen
7 Check the email account you registered under. An email will be

sent to you with a verification number and URL.
8 Once you receive the email, copy the verification number and

click on the URL hyperlink. Enter the verification number in the
relevant field. Click on “Verify me”. This is for security reasons
and to check that your account is not being used fraudulently.

9 Enter/amend your contact information, and update your expertise
data.
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