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Serum calreticulin as a novel biomarker of juvenile
idiopathic arthritis disease activity
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Abstract
Objective: This study aimed to investigate the relations between calreticulin (CRT) serum level and both disease activity and severity
parameters in juvenile idiopathic arthritis (JIA).
Material and Methods: In this study, 60 children with JIA and 50 age-and-sex-matched healthy subjects were enrolled. The assessment of the disease activity was done using juvenile arthritis disease activity score 27 (JADAS-27). The assessment of disease severity
was done via gray-scale ultrasonography (US) and power Doppler US (PDUS). Enzyme-linked immunosorbent assay (ELISA) was used
to assay the serum level of human CRT.
Results: The mean serum CRT levels in JIA patients was 8.6±1.2 ng/mL and showed a highly significant increase (p=0.001) as
compared to the mean serum levels in the controls (5.02±0.77 ng/mL). There were statistically significant positive correlations
between the serum CRT levels and disease duration, tender joint count, swollen joint count, visual analog scale, erythrocyte
sedimentation rate, JADAS-27, C-reactive protein, rheumatoid factor titer, and ultrasonographic grading for synovitis and neovascularization.
Conclusion: Elevated serum CRT levels in JIA patients and its correlations with JIA disease activity and severity parameters signified
that CRT might be used as a novel biomarker for disease activity and severity in JIA.
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Introduction
Juvenile idiopathic arthritis (JIA) denotes a group of chronic arthropathies, constituting the most common
rheumatic condition in children. It is also an inflammatory joint disease characterized by chronic synovitis
and associated with extra-articular manifestations, such as fever, anorexia, weight loss, anemia, lymphadenopathy, pericarditis, or eye affection (1).
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Juvenile idiopathic arthritis International League of Associations for Rheumatology (ILAR) classification
includes systemic onset arthritis, oligoarthritis, seropositive polyarthritis, seronegative polyarthritis, psoriatic arthritis, enthesitis-related arthritis (ERA), and undifferentiated arthritis on the basis of clinical and
laboratory data during the first 6 months of the disease and family history features (2). Nowadays, musculoskeletal ultrasound (MSUS) plays an important role in detecting the presence of synovitis, joint damage, and diagnosing acute disease flare (3).
Calreticulin (CRT) is a 46-kDa Ca2+-binding chaperone comprising structurally and functionally peculiar domains with certain functions; it renders calcium to become inactive that is enrolled in the regulation of
intracellular Ca2+ homeostasis and endoplasmic reticulum Ca2+ storage capacity (4).
Cell surface CRT is considered to be a signal-transducing receptor for the members of the collectin family,
including C1q- and mannose-binding lectin; therefore, it is an important innate immune system receptor. CRT participates in the clearance of apoptotic cells and is involved in the link between tolerance and
autoimmune diseases. Furthermore, due to its lectin activity, CRT can maintain misfolded glycoproteins,
folding intermediates, or partially assembled oligomers, opposing their aggregation and assisting their
conformational maturation (5).
This study aimed to investigate the relations between serum CRT levels and both disease activity and severity parameters in JIA.
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Material and Methods
This study was conducted on 60 JIA cases,
fulfilling the ILAR classification criteria of JIA
(2), admitted to the Rheumatology, Rehabilitation, and Physical Medicine Department of
the Benha University Hospitals. Here 50 ageand-sex-matched apparently healthy children
represented the control group. The cases were
selected in the period between August 2014
and February 2015. Prior written consents were
taken from the parents of each patient and
control included in this study. This study obtained the approval of the Ethical Committee
of the School of Medicine, Benha University.
Patients having associated neurological diseases, those with diabetes mellitus, acute or
chronic infections, any other causes for arthritis, and those with malignancies were not enrolled in this study.
The following were conducted on the patients:
taking full history, thorough clinical examination including locomotor system examination,
slit-lamp examination, and plain radiography
on the affected joint. Juvenile arthritis disease
activity score 27 (JADAS-27) was calculated
using 4 measured variables: active joint count
(AJC), physician global assessment (PGA) of
the disease activity using a visual analog scale
(VAS), patient global evaluation (PGE) of the
child’s well-being determined by VAS, count of
joints with active disease (evaluating 27 joints),
and erythrocyte sedimentation rate (ESR). The
27 joints included the cervical spine, elbows,
wrists, 1st to 3rd metacarpophalangeal, proximal
interphalangeal, hips, knees, and ankles. There
is no weighting of joints. To avoid excessive
weight in the overall index, ESR is normalized
to a score ranging from 0 to 10 by using the
formula (ESR-20)/10 (6). JADAS-27 is calculated as a simple linear sum of the scores of its 4
components, which yields a total score of 0-57,
with higher scores associated with worse disease activity
Assessment of disease severity
A commercially available Logiq E real-time
scanner (General Electric Medical Systems;
Milwaukee, Wisconsin, USA) was used for the
US examination using high-frequency (8-13
MHz) linear transducer gray-scale ultrasonography (US) and power Doppler US (PDUS) assessment was done in a minimum of 2 planes
(longitudinal and transverse) including the
affected joints. Synovitis detected by the grayscale US was graded as mild, moderate, or
severe We used 6.7 MHz for power Doppler
signal standardized with a lower pulse repetition frequency of 750 MHz and low wall filters).
The color gain was increased to the highest
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values not creating PD signals under the bony
cortex (7). The PDUS signal was scored on a
semi-quantitative four-grade scale: 0 means no
signs of vascularization, 1 denotes mild (presence of single/vessel dots), 2 equals moderate
(presence of confluent vessel dots in less than
half of the synovial area), and 3 refers marked
(presence of confluent vessel dots in more
than half of the synovial area) (8). PD was also
graded semi-quantitatively from 0 to 3: 0 denotes none; 1, minor; 2, moderate; and 3, major
presence. The total US score was calculated as
the sum of the synovitis and PD scores of each
joint (9). The US examination was performed
by a single observer who was blinded to the
condition of the patients.
Laboratory investigations included the following: complete blood count (CBC) was determined by using a Sysmex 5000 counter; ESR,
Westergren method; C-reactive protein (CRP)
and rheumatoid factor (RF) titer, latex agglutination slide tests; and anti-nuclear antibody
(ANA) testing, indirect immunofluorescence
technique (IMMCO Diagnostics; New York,
USA).
CRT measurement
Serum samples were collected from each patient and control subject and stored at −20
°C. The serum CRT level was detected by double-antibody sandwich ELISA (Xin Yue; Shanghai, China). All the reagents, samples, standards, and washing solution were prepared
according to the manufacturer’s instructions.
Briefly, 40 μL of serum sample, 10 μL of rabbit
anti-human CRT, and 50 μL of horseradish-peroxidase-labeled streptavidin were added to the
test wells. After that, the plate was incubated at
37°C for 1 h with gentle shaking. After washing,
50 μL of chromogenic solution A followed by
50 μL of chromogenic solution B were applied
to each well with proper mixing and the reaction was incubated for 10 min at 37°C in the
dark. After adding the stop solution, the wells
were assessed by ELISA plate reader within 15
min at 450 nm.
Statistical analyses
Statistical analyses were performed using the
SPSS software (version 19.0, IBM Corp.; Armonk,
NY, USA). According to the type of data, the following tests were used to test the differences
for significance: differences between frequencies (qualitative variables) and percentages in
groups were compared by means of the chisquare test (χ2), and differences between the
means (quantitative variables) in 2 parametric groups were compared by the Student’s
t-test (t). Non-parametric data were analyzed
by means of the Mann–Whitney (MW) U-test.

Pearson correlation was used. The p-value was
assumed to be significant when p≤0.05 and
highly significant when p≤0.001. Differences
among the groups were analyzed by means of
1-way ANOVA tests.

Results
The patients included 40 (66.6%) girls and 20
(33.3%) boys whose ages ranged between 4
and 12 years (mean: 8.10±2.67 years). Further,
50 age-and-sex-matched apparently healthy
children represented the controls. The disease duration ranged between 1 and 8 years
with a mean duration of 4.05±2.04 years. The
number of tender joints ranged between 1
and 9 joints with a mean of 4.50±2.69 joints.
ESR ranged between 4 and 85 mm/h with a
mean of 28.55±21.92 mm/h. The mean of CRP
in JIA patients was 22.4±10.4 mg/dL. Further,
6 cases (10%) were RF-positive and the other
54 cases (90%) were RF-negative: the mean of
the RF titer was 33.4±17.99 IU. There were 15
cases (25%) of the polyarticular subtype, 30
(50%) cases of the oligoarticular subtype, 10
cases (16.66%) of the ERA subtype, and 5 cases
(8.33) of the systemic-onset subtype. JADAS-27
scores ranged between 1.70 and 14.50 with a
mean of 7.24±3.3. Moreover, the hemoglobin
(Hb) concentration ranged between 9.11 and
14.22 gm/dL with a mean of 11.23±1.28 gm/
dL. Furthermore, red blood cells count ranged
between 3.71×106 and 5.82×106 cells/mm3
with a mean of 4.86±0.53×106 cells/mm3; however, white blood cells (WBCs) count ranged
between 4.32×103 and 13.83×103 cells/mm3
with a mean of 7.94±2.67×103 cells/mm3 and
platelet count ranged between 205×103 and
292.7×103 cells/mm3 with a mean of 233±76.02
cells/mm3. Only 24 cases (40%) out of 30 were
positive for ANA. Further, 5 cases (8.33%) had a
history of uveitis.
Figure (1) shows that the mean serum CRT
level was significantly higher in the patient
group (8.6±1.2 ng/mL) as compared to the
control group (5.02±0.77 ng/mL) (p=0.001).
Figure (2) shows that the mean serum CRT level was the highest in the polyarticular subtype
(14.2±12 ng/mL) as compared to other JIA subtypes with statistically significant differences
(p=0.02). Figure (3) shows that the serum CRT
levels are highly statistically significant associated with the disease activity score (JADAS-27)
in patients with JIA.
In Table 1, there were statistically significant
positive correlations between the serum
CRT levels and disease duration (p=0.011),
TJC (p=0.001), SJC (p=0.01), VAS (p=0.001),
ESR (p=0.002), JADAS-27 (p=0.001), CRP
(p=0.001), RF titer (p=0.007), US synovitis
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Table 1. Correlations between serum CRT
level and the studied variables in JIA patients

10
8.6 ng/mL

9

Patient group (n=60)

8

Variables

7
6

5.02 ng/mL

5

Mean
serum
CRT

p

Age

0.192

0.31

Disease duration (ys)

0.459

0.011*

TJC

0.925

0.001*

4

SJC

0.461

0.01*

3

VAS

0.914

0.001*

2

ESR

0.536

0.0002*

1

JDAS 27

0.998

0.001*

RF titer

0.528

0.007*

ANA

0.345

0.19

CRP titer

0.258

0.0001*

Hb

0.193

0.31

WBCs

0.254

0.17

PLTs

0.031

0.87

Total US score

0.370

0.04*

0

Patient group

Control group

Figure 1. Comparison between serum CRT levels in JIA patients (8.6±1.2 ng/mL) and controls
(5.02±0.77 ng/mL)
CRT: calreticulin; JIA: juvenile idiopathic arthritis

Mean Serum Calreticulin

p-value: 0.02b

TJC: total joint count; SJC: swollen joint count; VAS:
visual analog scale; ESR: erythrocytes sedimentation
rate; JADAS: juvenile arthritis disease activity score; RF:
rheumatoid factor, ANA: antinuclear antibodies; CRP:
C-reactive protein; Hb: hemoglobin; PLT: platelet; WBC:
white blood cells; US: ultrasound
p>0.05: insignificant; p<0.05*: significant

Polyartcular: 14.2±0.12
Ollgoartcular: 11.3±0.17
ERA: 10.3±1.14
Systemic onset:
9.21±0.20

1

r

2

3

4

5

Figure 2. Comparison between different subtypes of JIA according to serum CRT levels: serum
CRT level was significantly higher (p=0.02) in polyarticular subtype (14.2 ng/mL) when compared to the other JIA subtypes
CRT: calreticulin; JIA: juvenile idiopathic arthritis

Mean serum CRT

Mean serum CRT
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Figure 3. Relations between serum CRT levels in patients with JIA and JADAS-27 (p=0.001)
CRT: calreticulin; JIA: juvenile idiopathic arthritis; JADAS-27: juvenile arthritis disease activity score 27

grading (p=0.005), and Doppler score for synovial vascularization (p=0.04). There were
no significant correlations between the serum CRT level and age (p=0.31), Hb% (p=0.3),
WBCs (p=0.17), platelet count (p=0.97), and
ANA titer (p=0.19).

Discussion
Several disease activity indices in JIA depending on different clinical, laboratory, and physical measures have been introduced. Further
objective information about the underlying
disease processes may augment clinical assessments (10). Laboratory tests represent one
approach to such additional information, and
markers such as ESR and CRP levels have been
incorporated into disease activity assessment
in patients with JIA. However, ESR and CRP can
be affected by anemia and the presence of immunoglobulins, including rheumatoid factor
(RF). Therefore, these markers may not be trustable in all JIA patients (11).
Calreticulin is a ubiquitous multifunctional
Ca2+-binding protein. It is originally characterized as an endoplasmic reticulum molecular
chaperone. Extracellular CRT attaches to the
surface of many cells and is involved in signal
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transduction events associated with innate immunity, cell adhesion, and apoptosis (12).
Recently, CRT was used in a number of autoimmune processes such as molecular mimicry,
epitope spreading, complement inactivation,
and stimulation of inflammatory mediators
(e.g., nitric oxide (NO) production). These findings made us depict that CRT is not just an auto-antigen in susceptible individuals but also
plays an active role in the pathology of various
autoimmune diseases (13).
Liu et al. (14) demonstrated elevated serum
CRT levels in cancer patients. Additionally, recombinant CRT fragments, namely, r CRT/39–
272 and r CRT/18–424, are potent macrophage
activators that are capable of inducing tumor
necrosis factor-α (TNF-α) and interleukin (IL)-6
production. This may explain the correlation
between serum CRT levels and autoimmune
disorders, since TNF-α and IL-6 represent predominant inflammatory cytokines released by
activated macrophages (15).
In this study, the serum CRT level was significantly higher (p=0.001) in JIA patients in comparison with controls, which was in consistence
with the results of Ni et al. (16) who demonstrated that the serum CRT levels were higher
in patients with rheumatoid arthritis (RA) when
compared with healthy controls in their study
on 70 RA patients and 35 healthy controls. Furthermore, our result agreed with that of Hong
et al. (17) who documented that the serum CRT
level was significantly higher in their RA patients
than the control group. Moreover, the present
study revealed statistically significant correlations between the serum CRT levels and CRP
(p<0.001), ESR (p=0.002), swollen joints count
(p=0.01), tender joints count (p=0.001), and JADAS-27 (p=0.001): these results were consistent
with the results of Tarr et al. (18) who found that
CRT levels were positively correlated with ESR,
CRP, SJC, and DAS-28 in RA patients.
It is noteworthy that there were statistically significant relations between the serum CRT levels
and US grading of synovitis (p=0.001), and this
was in accordance with Heba et al. (19) who
concluded that the serum CRT levels are related to the degree of activity and severity of the
disease detected by US. These findings emphasized that serum CRT levels may be considered
as a potential marker for the assessment of
disease severity in JIA patients. Holoshitz et al.
(20) demonstrated that CRT increased the secretion of IL-6 and IL-23 and induced the generation of T-helper lymphocyte (Th17) cells. We
found that there was a statistically significant
correlation between the serum CRT levels and
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total US score for synovitis and synovial neovascularization (p=0.04). This was similar to
Ding et al. (21) who measured the CRT levels
in the synovial fluid and sera of RA patients and
suggested that CRT may be involved in angiogenesis events in RA through an NO signaling
pathway. Not only did we find more statistically
significant differences (p=0.001) regarding the
serum CRT levels in the polyarticular subtype
within the JIA subtypes but also a high statistically significant correlation between the RF
titer and serum CRT level (p=0.007). We concluded that elevated serum CRT levels in JIA
patients and its correlations with JIA disease
activity and severity parameters signify that
CRT might be used as a novel biomarker for
disease activity and severity in JIA.

2.

3.

4.

5.

Key messages
Serum CRT levels were significantly higher in
JIA patients than healthy controls.
CRT might be used as a potential biomarker for
disease activity in JIA.
The possible role of CRT in the pathological
process of JIA should be investigated.

6.

7.

CRT might be the potential target for RA therapy.
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