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Original article

Serum survivin expression in systemic onset juvenile idiopathic arthritis in relation to

disease activity and macrophage activation

Background: Systemic onset Juvenile Idiopathic Arthritis (SoJIA) is an
auto-inflammatory disease that might be complicated by the life-threatening
macrophage activation syndrome (MAS). Survivin, antiapoptotic protein, is
associated with significant tissue damage and/or poor response to treatment.
We sought to investigate its potential role as indicator of disease activity
and predictor of MAS in SoJIA. Methods: We conducted a prospective
controlled study that comprised 22 physician-diagnosed SoJIA patients and
20 healthy age and sex matched children as a control group. Patients were
subjected to clinical and laboratory assessment every 2 months for one year
to detect disease relapse or MAS. Serum survivin was measured at
enrollment and in case of activity or MAS development. Other inflammatory
markers of activity and MAS were also assayed including CRP, ESR, serum
ferritin, ferritin/ESR ratio and triglycerides. Results: Over one year of
follow up, ten Patients (45.5%) developed both systemic and articular
activity with or without MAS, one patient (4.5%) developed systemic activity
only, 5 patients (22.7%) had only articular activity and six patients (27.3%)
remained in remission. Serum survivin, ferritin, ESR and the ferritin/ESR
ratio were high during activity and even higher in the patients who
developed MAS. Ferritin/ESR ratio above three had a 100% sensitivity and
83% specificity in the diagnosis of MAS [Area under the curve
(AUC) = 0.96]. Serum survivin level above 25 pg/ml had 100% sensitivity
and 90% specificity in detection of disease activity [AUC = 0.96] and a
serum level above 67 pg/ml had 100% sensitivity and 94.7% specificity in
the prediction of MAS [AUC =0.99]. Conclusion: Survivin might be a
potential marker of SoJIA disease activity with special value in the
prediction of MAS. Our conclusions are limited by the sample size.
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INTRODUCTION
Systemic-onset juvenile idiopathic arthritis (SoJIA)
is a systemic inflammatory disease which is
classified as a category of juvenile idiopathic
arthritis (JIA). However, the pathogenesis of SoJIA
is associated with dysregulation of the innate
immune system, suggesting that it may rather be an
autoinflammatory disorder.1® The pathophysiology
of SJIA is marked by an increased production of
interleukins (IL-1, IL-6 and 1L-18).* A combination
of systemic features and arthritis characterizes
SoJIA which has the highest morbidity among other
JIA subtypes.>®

Macrophage Activation Syndrome (MAS) is the
most dreadful complication of SoJIA with an up to
8% mortality risk.” It represents acute
overwhelming inflammation and uncontrolled
proliferation of T-cells and macrophages leading to

hemophagocytosis.®°

Survivin is the smallest member of the inhibitor
of apoptosis protein (IAP) family. It has a key role
in regulating cell cycle division and cytokinesis and
participates in a variety of signaling pathways.
Apoptosis dysregulation is involved in the process
of autoimmunity and autoinflammation. Survivin
has been identified as a marker of severe
rheumatoid arthritis  (RA) associated  with
progressive joint damage and poor response to
antirheumatic treatment in aduls.! Its expression in
CD4+ T cells is activated by TNF-a, a cytokine that
is considered the key regulator of inflammation and
tissue-destruction in RA.*? Circulating survivin was
reported in a significant portion of JIA patients in
association to disease severity.™

We sought to evaluate the serum levels of
survivin in relation to activity, joint morbidity, and
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evolution of macrophage activation syndrome
(MAS) in patients with systemic onset juvenile
idiopathic arthritis (SoJIA). Our ultimate objective
was to assess the prognostic gain from adding this
marker to the work up of this disease.

METHODS

Study design:

This was a controlled prospective study that was
conducted in the Pediatric Allergy, Immunology
and Rheumatology Unit, Children’s Hospital, Ain
Shams University during the period from August
2015 to August 2016.

Patients’ group (Group 1): It comprised 22
pediatric patients with physician-diagnosed SoJIA
patients who were diagnosed on basis of the
American College of Rheumatology (ACR) criteria,
as well as the International League of Associations
for Rheumatology (ILAR) classification of JIA.
They were followed up for one year to assess
activity or development of MAS.

Control group (Group Il): This group comprised
20 age and sex matched healthy children enrolled
from the Outpatient Clinic Children’s Hospital, Ain
Shams University after exclusion of personal or
family history of possible rheumatological illness.

Ethical consideration: An informed consent was
obtained from the legal guardian of each subject
before enrollment in the study. The study was
approved by the local research ethics’ Committee of
the pediatric department, Ain Shams University.

Study Measurements:

1. Clinical evaluation

¢ Detailed medical history was recorded concerning
age, gender, parental consanguinity, family
history of rheumatologic illnesses, age of disease
onset, disease duration, disease activity, and
medication history including corticosteroids, non-
steroidal anti-inflammatory drugs (NSAIDS),
disease  modifying  anti-rheumatic  drugs
(DMARDS) and biological therapy such as anti-
TNF monoclonal antibody and IL-1 receptor
antagonist. Co-morbid illness including diabetes,
hypertension and obesity were assessed.

o Clinical examination was performed for arthritis
including joint swelling, limitation of movement
and deformities as well as systemic activity
including quotidian fever and rash. The
macrophage activation syndrome (MAS) was
assessed by looking for pallor, bleeding, non-

remitting fever, lymph node enlargement,
hepatosplenomegaly, rash, and neurological
deficit.
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o Patients were followed up over a one-year period
by clinical and laboratory evaluation every 2
months and earlier in case of evolution of a new
relapse. Simplified Disease Activity Index (SDAI)
score was used to assess JIA disease activity.
Secondary MAS was diagnosed according to
ACR, EULAR and Pediatric Rheumatology
International Trials Organization (PRINTO)
diagnostic criteria.'>16

2- Laboratory investigations

The patients underwent the following tests:

e Complete blood count (CBC) using Beckman
Coulter-Gen. system 2, USA. Peripheral blood
was smeared and stained by Lishman's stain for
white cell differential count. Results were
compared to age related reference range.!’

e Erythrocyte sedimentation rate (ESR) by
Westergren method

e Serum alanine transaminase (ALT), aspartate
transaminase (AST)

¢ Serum levels of C- reactive protein (CRP)

eSerum lactate dehydrogenase (LDH) and
triglycerides (after fasting for 10 hours) using
NADH, Kinetic UV, IFCC rec, Spinreact Kit
using Cobas (Roche, Germany)

e Serum concentration of fibrinogen (g/L) by p-
Nitrophenyl phosphate, Kinetic, DGKC, Spinreact
Kit using a coagulometer (DADE Behring, USA)

e Serum ferritin (ng/mL) using a coagulometer
(Au680, Beckman Coulter, USA) with clinical
suspension of MAS.

e Serum survivin by enzyme-linked immunosorbent
assay (ELISA) at enrollment and was repeated in
case of disease activity or development of
secondary MAS. It was also measured for the
healthy subjects at enrollment.

Statistical Methods:

Data were analyzed using IBM SPSS Statistics
version 23 (IBM Corp., Armonk, NY, USA),
MedCalc version 15 (MedCalc Software BVBA,
Ostend, Belgium). Categorical variables were
presented as number and percentage or ratio, and
numerical data as mean and SD, range, and
percentiles.  Normality of numerical data
distribution was examined using the Shapiro-Wilk
test. Non-normally distributed numerical variables
were presented as median and interquartile range
and intergroup differences were compared using the
Mann-Whitney test (for two-group comparison) or
the Jonckheere-Terpstra trend test (for comparison
of multiple ranked groups). Correlations were tested
using the Spearman rank correlation. Receiver
operating characteristic (ROC) curve analysis was



used to examine the wvalue of survivin for
discrimination between cases and controls, value of
survivin in cases in remission, in relapse & those
with MAS and for prediction of disease severity
among cases. p values <0.05 were considered
significant.

RESULTS
Ages of the patients at enrollment ranged from 3 to
15 years [mean + SD = 10 + 3 years]. They were 12
males (55%) and 10 females (45%). The mean age
at disease onset was 3.5 years. Clinical data of
enrolled children are shown in table 1. Recorded
co-morbidities were hypertension in 6 patients
(27.3%) and diabetes in five (22.7%). A single
patient was maintained on NSAID therapy, with
intermittent short courses of corticosteroid therapy
upon activity, 18 patients were controlled on
corticosteroids and methotrexate, while ten were
receiving biological therapy as part of a triple
therapy (corticosteroids, DMARDS, biologicals).
At enrollment, 12 patients were in remission, 8
in relapse and 2 had MAS. Throughout the study,
10 patients (45.45%) developed both systemic and
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articular activity including MAS, one patient had
only systemic activity, 5 patients (22.7%) had only
articular activity while 6 patients (27.27%)
remained in remission throughout the study. Serum
survivin was comparable between cases and
controls with a no significant statistical difference
(37 pg/ml (IQR 29-55) versus 44 pg/ml (IQR 26—
61); p=0.837. However, a higher mean serum
survivin concentration was observed among
patients with MAS (p<0.001).

According to the ROC analysis, serum survivin
level above 25 pg/ml had 100% sensitivity and 90%
specificity in  detecting  disease  activity
(AUC=0.96); (figure 1) and a serum level above
67pg/ml had 100% sensitivity and 94.74%
specificity in diagnosing MAS (AUC=0.99);
(figure 2).

Ferritin/ESR ratio was significantly higher in the
MAS group. A Ferritin/ESR ratio above three had a
100% sensitivity and 83% specificity for
diagnosing of MAS (AUC=0.96). A positive
correlation was found between serum survivin and
ESR, ferritin and ferritin/ESR ratio during activity
and during remission (figure 3).

Table 1. Clinical data of enrolled cases

Pattern of presentation | No. %

Quotidian fever
Arthritis
Rash

Systemic affection

Back/TMJ affection

System affected

Renal

Cardiac

Lungs

Eyes

CNS
Hepatomegaly
Splenomegaly
Joint deformity

Back / TMJ affection

22 | 100.0%
22 | 100.0%
20 | 90.9%
3 | 136%
10 | 45.5%
No. %
2 9.1%
8 | 36.4%
5 22.7%
5 22.7%
0 0.0%
8 | 36.4%
5 22.7%
8 38.1%
8 36.4%
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Figure 1. Receiver-operating characteristic (ROC) curve for prediction of relapse at 12 months using serum
survivin measured at 6 months.
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Figure 2. Receiver-operating characteristic (ROC) curve for prediction of MAS at 6 months using serum survivin
measured at baseline.
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Figure 3. Correlation between baseline serum survivin and baseline ferritin/ESR ratio in patients.
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DISCUSSION

At enrollment, survivin was comparable between
patients and controls (p=0.84). As a diagnostic
marker, it had a sensitivity of 86% and specificity
of 35% It therefore cannot be considered reliable as
far as the diagnosis of SoJIA is concerned. On the
other hand, its levels in patients with active SJIA
were significantly higher than those in remission
which might point to a value in recognizing disease
activity and/or chronicity. A longer follow up
period is needed to validate this observation. A
relevant study conducted on 70 JIA patients and 29
age and sex matched controls reported higher serum
survivin expression in children with JIA compared
to the control group.’® Survivin over-expression
was significantly associated with a polyarticular
onset in the active phase of the disease. It was
found useful in detecting patients with unfavorable
prognosis who need extensive pharmacological
therapy.'® Our series comprised SoJIA rather than
polyarticular JIA.

We attempted to assess the potential predictive
and/or prognostic value of serum survivin in terms
of SoJIA activity and MAS development. Serum
survivin seems to be a dependable predictor of
MAS secondary to SoJIA. Serum survivin level
above 67 pg/ml had 100% sensitivity and 94.74%
specificity for the diagnosis of MAS (AUC = 0.99).

We compared serum survivin levels in patients
with active SoJIA and frequent relapses to patients
in disease remission, we noticed that serum survivin
could be a predictor of SoJIA activity and may
anticipate the resistance to treatment. Serum
survivin level above 25 pg/ml had a 100%
sensitivity and 90% specificity as far as the
detection of disease activity is concerned (AUC =
0.96). In concordance with our findings, Bokarewa
and coworkers®® demonstrated that serum survivin
levels were nearly the same presymptomatic adult
rheumatoid arthritis patients and controls being an
insignificant diagnostic marker. Serum survivin
expression then increased significantly with disease
progression. They concluded that serum survivin
can predict the shift of pre-rheumatoid into
rheumatoid disease with 88.3% specificity.

Similarly, another study conducted on adult
rheumatoid arthritis reported that serum survivin
may be a significant marker of disease progression,
joint destruction and resistance to treatment.
Survivin positivity at baseline and after 24 months
was reported to offer prediction of RA disease
progression after 60 months thus being a good
prognostic marker of 75% specificity (p=0.001).2°
Moreover, John Hopkins Rheumatology Center
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stated that serum survivin is significantly higher in
rheumatoid arthritis patients with erosive disease
manifested by joint destruction as compared to non-
erosive rheumatoid arthritis (95% specificity;
p=0.002).2

A relevant study that tried to set a cut off value
for serum survivin in the assessment of rheumatoid
activity in adults revealed a level of 330 pg/ml
versus 121 pg/ml in healthy controls (p=0.002)
whereas cutoff value of serum survivin 430 pg/ml
indicated erosive disease as compared to non-
erosive rheumatoid arthritis (127 pg/ml; p=0.002).
The authors noticed no value of measuring synovial
fluid survivin.??

The concentration of survivin was reported to be
significantly higher among JIA patients positive for
anti-cyclic citrullinated peptide autoantibodies,
survivin can thus act as a unique biomarker of
disease severity even in the early stage of the
disease. In all synovial fluid samples, the
concentration of survivin was higher than its
matched level in the serum (p = 0.003).28 On the
contrary, a study on 123 adult rheumatoid arthritis
patients revealed that survivin plasma levels were
detectable in only 13.8% of patients. Survivin
positivity did not correlate with RF (p = 0.180) or
anti-CCP antibody levels (p = 0.926). Moreover,
only 17.8% of patients with joint erosions had
positive survivin levels (p = 0.35).2

Our patients with active SoJIA activity showed
significantly elevated ESR than those in remission
(mean= 42.6 mm/h; p=0.028), while the elevation
of other inflammatory markers including serum
ferritin, CRP, and platelet count did not reach
statistical significance at enrollment. Grom and
coworkers?reported increased ESR, platelet count
and serum ferritin at time of SoJIA activity while
Blessing et al.?® who studied 16 newly diagnosed
SoJIA patients reported anemia, leukocytosis, and
thrombocytosis, but normal serum ferritin level.

We also assayed ferritin, ferritin/ESR ratio and
serum survivin as markers of MAS. They were
significantly increased in our SoJIA patients with
MAS compared to the rest of the patients. Ferritin
and ferritin/ESR ratio are inexpensive markers of
MAS development in active SoJIA. The potential
ability of serum survivin, serum ferritin, and
ferritin/ESR ratio to predict MAS and assess SoJIA
activity was studied using ROC curves and
evaluating the area under the curve (AUC).
Ferritin/ESR ratio was found to be a very good
predictor of MAS with high specificity. A ratio
above three had 100% sensitivity and 83%
specificity for the diagnosis of MAS (AUC = 0.96).
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Gorelik et al.?® recommended ferritin/ESR ratio
>80 with (100% sensitivity and 100% specificity)
for early MAS prediction in SJIA, that almost
agrees with our results. On the contrary, a relevant
study concluded that no single laboratory value
including ferritin/ESR ratio is associated with MAS
development; they studied 30 SoJIA patients 8 of
whom had MAS.?” Among our series, a serum
ferritin value above 287 ng/ml had 100% sensitivity
and 84 % specificity (AUC = 0.98) for diagnosing
MAS. The international guidelines indicate that
serum ferritin level above 500 ng/ml (86%
sensitivity, 95% specificity and AUC = 0.76) is one
of the diagnostic criteria of MAS whereas the
PRINTO diagnostic criteria (2005) for secondary
MAS considered serum ferritin level above 684
ng/ml as diagnostic with 72% sensitivity and 97%
specificity.?® Kostik et al.?® assumed that serum
ferritin above 400 ng/ml is among the diagnostic
criteria of MAS in SoJIA (100% sensitivity and
100% specificity). On the contrary, McClain and
Eckstein® recommended ferritin level above 3000
ng/ml for MAS prediction in pediatric SoJIA and
above 50000 ng/ml in adults. Our demonstrated
cutoff value of serum ferritin for MAS prediction
was much lower. Our observation is indeed limited
by the sample size.

We observed a strong positive correlation
between serum survivin and inflammatory markers
that are mentioned in the ACR diagnostic criteria of
SoJIA and in Jordan’s et al.3! diagnostic criteria of
MAS as well. Serum survivin increased with the
increase of ESR, ferritin and ferritin / ESR ratio in
patients with active symptoms or suffering from
MAS. This was assessed at baseline and after 6
months. Such observation points to the value of
serum survivin in predicting the disease progression
and MAS development.

Our study has several limitations; the sample
size and consecutive manner of case recruitment
hindered the interpretation of the results especially
that the MAS group comprised only 4 patients.
Also, the relatively short follow up period (one
year) did not allow for accurate assessment of
medication influence such as biologics on the
survivin expression.

In conclusion, serum survivin might be a useful
marker for the cytokine storm that underlies MAS
and might be also indicative of SoJIA activity and
disease progression. Our observations are supported
by positive correlations between serum survivin and
other markers of SoJIA activity and MAS
induction. Further prospective wider scale studies
are needed to validate our observations.
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