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Abstract
Introduction. Connective tissue remodeling is essential for progressive course of juvenile
idiopathic arthritis (JIA), therefore changes in glucosaminoglycans (GAGs) fractions with
time in patients with JIA have been studied during 10-year follow-up. Subjects and Methods.
The study involved 22 healthy children (controls) and 83 patients with JIA aged from 2 to 18.
The follow up study was yearly held for 10 years and initially included 14 patients with JIA
investigated for connective tissue metabolism. Results. Proteoglycans metabolism in children
with JIA is characterized by a decrease in the total GAGs, mainly by means of low levels of
chondroitin-4-sulfate and highly sulphonated GAGs. This redistribution was more specific
for children with prolonged disease duration (more than 5 years). Slowing of proteoglycans
metabolism in reducing the excretion of uronic acids was the most common for up to 2
years of disease duration as compared to later stages. Conclusions. The severity of metabolic
imbalance of proteoglycans depends on the duration of JIA and has the most unfavorable
period of 5 years and later after the onset of the disease.
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Introduction.
The major clinical presentation of juvenile

idiopathic arthritis (JIA) is known to be the
persistent synovial inflammation that can lead to
irreversible joint destruction and permanent
disability in childhood. The complex pathogenesis
of JIA has been studied in sufficient detail, but it
has not been fully explained yet. Despite
significant progress in the treatment of JIA, the
risk of disease progression remains high. The
findings of the recent investigation have revealed
microstructural changes indicative of cartilage
damage in JIA patients by new imaging methods,
in spite of clinical improvement and before
changes in cartilage morphology which can be
detected with conventional magnetic resonance
imaging [6]. The impact of various mechanisms
on the development of cartilage erosion in JIA
continues to be the subject of scientific research.

Metabolic alterations of extracellular matrix
(ECM) components have been shown to play a
considerable role in pathological changes in the
course of JIA [4, 13, 15, 16].

ECM is a complex and dynamic structure,
composed of two main classes of macromolecules:
proteoglycans (PGs) and fibrous-forming proteins,
such as collagen, elastin, fibronectin, and laminin
[2]. PGs consist of a core protein with covalently
attached one or more glucosaminoglycans
(GAGs) chains of the same or different type [2,
12]. PGs form a hydrated gel that fills the majority
of extracellular interstitial space [2]. PGs have
been classified according to their core proteins,
localization and GAGs composition. The GAGs
chains on the protein core are unbranched
polysaccharide chains composed of repeating
disaccharide units that can be further divided into
sulfated and non-sulfated GAGs [2, 16]. Sulfated
GAGs include chondroitin sulfate A (or
chondroitin-4-sulfate), chondroitin sulfate C (or
chondroitin-6-sulfate) and highly sulphonated
GAGs (or heparan sulfate and keratan sulfate
(KS)).
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Hyaluronic acid, chondroitin sulfate (CS) and
highly sulphanated GAGs are considered to be
the main components of GAGs in humans.

The major PG in cartilage is aggrecan, which
is a large proteoglycan bearing numerous CS and
KS chains expressed by chondrocytes. A typical
aggrecan molecule may contain up to 100 CS
chains and a lower number of KS chains.
Aggrecan endows articular cartilage with the
ability to withstand compressive loads [1, 2]. CS
is considered to be an early marker of aggrecan
degradation [14].

The disorganization of ECM components'
metabolism and structural changes of PGs and
collagen is believed to occur in early stages of
JIA, and, furthermore, degradation elements of
ECM structures have antigenic properties which
may maintain progress of immune inflammation
and extend the destructive process into deeper
structures of the joint [8, 13–16]. Aggrecan
degradation products occur in blood, and they are
free CS chains or the chains of GAGs bound to
core protein fragments [14].

The studies to determine sulphated GAGs in
JIA synovial fluids have demonstrated a significantly
lower concentration as compared to the levels of
fluids in osteoarthritis, juvenile knee injury and knee-
healthy reference groups. The authors suggest that
unlike other arthritides, aggrecanase cleavage in the
aggrecaninterglobular domain might not be a major
pathogenic event in JIA [11].

A decreased serum concentration of GAGs
resulting from the substantial reduction of sulfated
glycans, particularly CS was detected in untreated
children with newly diagnosed JIA [13, 14, 17].
The increased levels of dermatan sulfate and
hyaluronic acid were also observed in untreated
JIA patients [17]. The researchers consider that
at the moment of clinical symptoms appearance
the total pool of GAGs is significantly reduced,
while the processes of ECM components'
synthesis do not compensate the degradation of
these compounds. In addition, the total amount
of GAGs was significantly lower than in healthy
children [13]. The low levels of GAGs in blood
were accompanied with their decreased urinary
excretion [17].

The low concentration of CS recorded in
serum of JIA patients with untreated arthroplasty
was found to have a negative statistically
significant correlation with concentrations of
laboratory inflammatory markers, such as C-
reactive protein and ESR. Therefore, the
researchers have concluded that the
concentration of CS in blood of children with

arthropathy is directly related to the activity of
both inflammatory processes and proteolytic
degradation of ECM components [14]. At the
same time, the serum level of chondroitin sulfate
846 epitope (CS846) as a biomarker of CS
synthesis was increased significantly.

According to the above-mentioned studies the
anti-inflammatory treatment of children with JIA
leads to clinical improvement, but does not
normalize blood GAG concentrations [14, 15].
Despite the increased content of these
compounds in treated patients, their level is still
significantly lower than in healthy children. The
authors believe that increased concentration of
GAGs observed during treatment may indicate
an ongoing regenerating processes in connective
tissue. The observed changes of PG/GAG
metabolism in children with JIA are also
suggested to be related to the auto-immune
mechanisms of the disease, such as presence of
GAG-specific antibodies in the systemic
circulation and in the synovial fluid of rheumatoid
arthritis patients. They come to the conclusion
that at the active phase of the disease the levels
of anti-GAG antibodies have reduced due to their
binding to GAGs, released from the degrading
cartilage, resulting in diminishing the general
amount of GAGs in plasma [16].

Nevertheless, the qualitative and quantitative
evaluation of plasma GAGs of rheumatoid arthritis
adult patients in relation to the disease activity
has revealed higher levels of total GAGs, CS,
heparan sulfate/heparin and hyaluronic acid in
patients with high and moderate disease activity
than in controls. Total GAGs and CS levels in
patients with high disease activity have been
elevated in comparison to patients with low
disease activity [5]. Thus, plasma concentration
of various GAGs types, which reflects tissue
alterations of ECM, is suggested to be dependent
on the age [14].

It has also been shown that an essential
feature of the connective tissue state in children
and adolescents with rheumatoid and reactive
arthritis is metabolic changes of its structures,
accompanied with a progressive loss of basic
functionally important components of the
extracellular matrix, but with a more pronounced
pathological component for juvenile rheumatoid
arthritis. The basic reflection of the development
of dystrophic changes is the deficiency state of
GAGs, mainly due to chondroitin-4-sulfates and
highly sulphonated GAGs [9].

Taking into account the essential importance
of metabolic alteration of ECM as well as
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systemic changes in connective tissue remodeling
for progressive course of JIA, changes in GAGs
fractions with time in patients with JIA have been
studied during 10-year follow-up.

2 Purposes, subjects and methods:
2.1 Purpose – to improve medical care for

patients with the progressive course of JIA by
10-year follow-up analysis of changes in GAGs
fractions with time.

2.2 Subjects & Methods
The study involved 22 healthy children for

the control group and 83 patients with JIA aged
from 2 to 18 including 39.60% cases of
oligoarthritis, 37.70% off polyarticular form,
20.8% of systemic form, 1.90% of enthesitis-
related arthritis. And 61.45 % of them were
females, 38.55 % were males. The follow up
study was held for 10 years and initially included
14 patients with JIA investigated for connective
tissue metabolism. Their examination was
repeated yearly. All patients received basic
therapy with methotrexate.

Connective tissue metabolism parameters
were assessed depending on the disease duration:
up to 1 year (14 patients), 1–2 years (11 patients),
2–3 years (11 patients), 3–5 years (13 patients)
and 5–10 years (34 patients).

The investigation of connective tissue
metabolism implied measurement of the total
glucosaminoglycans (GAGs) level, the total
chondroitin sulfate level [3, 7], containing
chondroitin-6-sulfate and chondroitin-4-sulfate,
the level of highly sulphonated GAGs (keratan
and dermatan sulfate) in blood [10]; and excretion
rate of uronic acid [3, 7]. Clinical and
immunological parameters, such as the level of
general T-lymphocytes, T-helpers and
T-suppressors, the level of circulated immune
complexes, spontaneous and induced Nitro Blue
Tetrazolium Reduction tests, neutrophil phagocytic
activity, the level of interleukin 1 (IL-1),

interleukin 6 (IL-6) and tumor necrotic factor
(TNF-a) were assessed.

Statistical analysis was performed using
Statistica+ software for Windows. The differences
between the study groups were assessed by
Student's t-test (t). A p–value of < 0.05 was
considered statistically significant.

Availability of data and materials
The datasets generated and/or analyzed during

the current study are not publicly available for ethical
reasons, as well as privacy reasons, but are available
from the authors on reasonable request.

Ethics approval and consent to participate
Approval from medical research ethical

committees and data protection authorities was
granted according to the regulations of Ukraine.
Oral informed assent was obtained from all
children. Written informed consent was obtained
from parents of children aged < 18 years and
from the children if aged 14 years of age.

3. Results and discussion
The study of connective tissue components

has shown that the children and adolescents with
JIA had misbalance of PGs structures. The
average total GAGs content, the level of serum
chondroitin-6-sulfate and the concentration of
uronic acid in daily urine in the investigated
patients with JIA were probably no different from
those in the similar aged healthy children. The
study showed increased content of chondroitin-
4-sulphate ((2.76 ± 0.53) units, ð< 0.05) and highly
sulphanated GAGs ((1.32 ± 0.15) units, ð< 0.05)
in patients with JIA in comparison with the control
group. That fact indicates the development of
dystrophic process and corresponds to destructive
changes in connective tissue.

Depending on the gender of children with JIA
the following features were established to be
more specific for female patients, represented
with changes of all types of proteoglycans, except
chondroitin-6-sulfate (table 1).

Parameters

Patients with JIA
n = 58 Control group

n = 22

statistically significant
difference

(pt)
male

n = 30
female
n = 28

1
2

M ± m
3

M ± m
4

M ± m
2–3 2–4 3–4

Total GAGs, U 10.46� 0.63 9.14�2. 51 10.01�0.38 < 0.01 >0.05 >0.05

Chondroitin-6-sulphate, U 7.16� 0.39 8.12� 0.95 6.83�0.27 >0.05 >0.05 < 0.05

Chondroitin-4-sulphate, U 2.21� 0.37 3.64�1.23 2.01�0.14 < 0.05 >0.05 < 0.05

Highly sulphonated GAGs, U 1.14� 0.07 1.62� 0.37 1.21�0.09 < 0,01 >0.05 < 0.05

Total CS, g/l 0.13� 0.01 0.67� 0.98 0.12�0.01 < 0.01 >0.05 < 0.01

Uronic acid, mg/d 5.08�0.87 9.02�2.56 7.46�2.14 < 0.01 < 0.05 >0.05

Table 1
Connective tissue metabolism parameters in patients with JIA corresponding to gender
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The total level of GAGs was lower ((9.14 ±
2.51) units vs (10.46 ± 0.63) units, p< 0.01) in
females as compared to males. Thus, there was
significantly higher chondroitin-4-sulfate content,
((3.64 ± 1.23) units and (2.21 ± 0.37) units
respectively, ð < 0.05) and the level of highly
sulphanated GAGs ((1.62 ± 0.37) units and (1.14 ±
0.07) units respectively, ð< 0.01). These changes
in proteoglycans content in blood were accompanied
by higher level of uronic acid excretion in females
compared to male patients ((9.02 ± 2.56) mg/d
and (5.08 ± 0.87) mg/d, ð < 0.01 respectively).
This redistribution of proteoglycans content is
more common for degenerative processes, such
as an initiation of osteoarthritis; it gives a reason
to believe female sex is one of the risk factors
for early formation of osteoarthritis secondary to
JIA. That fact is proved by the correlation of the
female sex with chondroitin sulfate content (r =
0.57; p< 0.05), the total level of GAGs (r = -0.56;
p< 0.05), chondroitin-6-sulfate (r = 0.55; p< 0.05),
chondroitin-4-sulphate (r = 0.72; p< 0.01) and
highly sulphanated GAGs (r = 0.58; p< 0.05), the
level of excretion of uronic acids (r = 0.62;
p < 0.05).

The elevation of levels of general activity of
the pathological process is characterized by
progressive decreasing of chondroitin-4-sulfate
and highly sulphanated GAGs contents with
simultaneous increase in uronic acids excretion.
This redistribution of proteoglycans components
is one of more evidence of the impact of
inflammation on the intensity of proteoglycans

metabolism and it is different from dystrophic
changes.

The radiological progression was established
to be accompanied by a redistribution of
proteoglycans too. More severe changes in the
metabolism of proteoglycans occur in children
with JIA, who had radiological stage II, than in
patients with radiographic stage I. They were as
follows: the reduction of total GAGs ((9.25 ± 0.77)
units compared with (13.05 ± 0.07) units,
p< 0.001)) and the content of chondroitin-4-
sulphate ((1.80 ± 0.42) units compared with (2.75
± 0.06) units, p< 0.001)) while growing content
of highly sulphanated GAGs ((2.65 ± 0.05) units
compared with (1.10 ± 0.56) units, p< 0.01).

The significant differences were not
determined by the analysis of proteoglycans
metabolism according to the disease duration; all
values were equivalent (table 2). At the same time,
due to the comparison with the same parameters
of the control group the largest deviations were
recorded on the early stages of the disease
development, which was associated with the
activity of pathological process before or at the
beginning of anti-inflammatory treatment.

The content of chondroitin-4-sulfate
decreased as the result of increasing disease
duration. The patients with disease history
exceeding 5 years were found to have the most
significant difference as compared to previous
years ((1.37 ± 0.12) units and (2.05 ± 0.55) units
respectively, p< 0.05)). It might have accompanied
the dystrophic processes in the connective tissue.

Parameters

Duration of JIA (M ± m)

Control
group

Up to 12
months
(n =14)

From 13 to 24
months
(n =11)

From 25 to 36
months
(n =11)

From 37 to
60 months

(n =13)

From 61 to
120 months

(n =34)

Total
number of

cases
(n = 83)

Total GAGs, U 10.53 ± 2.28 10.13 ± 0.76 11.00 ± 2.30 10.53 ± 2.28 8.67 ± 0.882)4) 10.24 ± 0.47 10.01 � 0.38

Chondroitin-6-
sulphate, U

6.76 ± 0.97 6.63 ± 0.52 6.20 ± 0.50 6.76 ± 0.97 5.93 ± 0.754) 6.21 ± 0.16 6.83 � 0.27

Chondroitin-4-
sulphate, U

2.13 ± 0.65 2.00 ± 0.21 2.75 ± 1.25 2.05 ± 0.55 1.37 ± 0.123)4) 2.12 ± 0.17 2.01 � 0.14

Highly
sulphonated
GAGs, U

1.63 ± 0.23 1.50 ± 0.211) 2.05 ± 0.55 1.63 ± 0.23 1.47 ± 0.192) 1.91 ± 0.314) 1.21 � 0.09

Total CS, g/l 0.12 ± 0.06 0.07 ± 0.00 0.07 ± 0.02 0.07 ± 0.00 0.10 ± 0.04 0.11 ± 0.01 0.12 � 0.01

Uronic acid,
mg/d

3.65 ± 0.91 2.53 ± 0.841) 3.35 ± 1.05 2.40 ± 0.60 4.20 ± 0.72 3.59 ± 0.34 7.46 � 2.14

1) р t< 0.05 – the difference between parameters in patients with disease duration from 13 to 24 months and from 25
to 36 months;
2) р t< 0.05 – the difference between parameters in patients with disease duration from 13 to 24 months and from 61
to 120 months;
3) р t< 0.05 – the difference between parameters in patients with disease duration from 37 to 60 months and from 61
to 120 months;
4) р t< 0.05 – the difference between parameters in patients with JIA and healthy children from control group.

Table 2
Parameters of connective tissue metabolism corresponding to duration of JIA

PEDIATRICS
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Proteoglycans metabolism in children with JIA
is characterized by a decrease in total GAGs,
mainly by means of low levels of chondroitin-4-
sulfate and highly sulphonated GAGs. This
redistribution was more specific for children with
prolonged disease duration (more than 5 years).
It can be assessed as a precondition for the
development of osteoarthritis of affected joints.

Slowing of proteoglycans metabolism in
reducing the excretion of uronic acids was the
most common for up to 2 years of disease duration
as compared to later stages ((2.53 ± 0.84) mg/d
and (3.35 ± 1.05) mg/d respectively, p< 0.05). It
was associated with period of more active
treatment and the most satisfactory clinical
benefits. Along with this, a high content of GAGs
as a reflection of inflammatory activity of the
disease was detected, reflecting an abnormal
inflammatory process.

The duration and activity of the disease have
an effect on connective tissue metabolism, that
was approved by correlating the duration of JIA
with content of chondroitin-4-sulfate (r = -0.37;
p < 0.05); the number of active joints with the
level of chondroitin-6-sulfate (r = -0.39; p < 0.05)
and the level of total chondroitin sulfate (r = 0.37;
p < 0.05).

The significance of changes in biochemical
homeostasis in patients with JIA is proved by
versatility of correlation between indices of
immune system and parameters of connective
tissue metabolism. The correlations were
established between the following parameters of
blood: serum calcium correlated with the level of
general T-lymphocytes (r = 0.61; p< 0.01),
induced Nitro Blue Tetrazolium Reduction test
(r = 0.58; p < 0.02) and the level of TNF- (r =
0.94; p < 0.001); magnesium in blood correlated
with blood level of circulating immune complexes
(r = 0.54; p < 0.03); phosphorus blood correlated
with T-helpers level (r = 0.42; p < 0.05),
T-suppressors rate (r = 0.43; p < 0.05); chondroitin
sulfates of blood correlated with phagocytes
number (r = 0.65; p < 0.001), T-suppressors rate
(r = -0.84; p < 0.001), the complement content
(r = 0.62; p < 0.01), the level of IgG (r = 0.50;
p < 0.05) and the content of IL-6 (r = 0.44; p < 0.05);
the oxyproline excretion correlated with neutrophil
phagocytic activity (r = 0.45; p< 0.05), spontaneous
Nitro Blue Tetrazolium Reduction test (r = -0.60;
p < 0.02). and induced Nitro Blue Tetrazolium
Reduction test (r = - 0.56; p<0.01); the total
GAGs level correlated with the level of circulating
immune complexes (r = 0.57; p< 0.02),
T-suppressors rate (r = 0.69; p< 0.01), IgM (r = 0.47;

p< 0.05); the content of highly sulphanated GAGs
correlated with T-suppressors rate (r = 0.49;
p< 0.05), the level of circulating immune
complexes (r = 0.91; p< 0.001).

Due to the analysis of correlations almost all
studied parameters were involved in correlation
the most actively in the period of disease duration
from three to five years, confirming
polycomponent pathological process. At this stage
of the disease cornerstone parameters was the
concentration of calcium, phosphorus and to a
lesser extent the parameters of collagen
metabolism. The isolated correlations were
formed involving cholesterol, total GAGs and
serum magnesium. It might be a background for
the development of osteopenic syndrome and
degenerative processes in the connective tissue.

At the time of disease duration over five years
among the biochemical indices in creating ties
components dominated and were characterized
by the structural composition of proteoglycans
and magnesium content of blood. It indicates the
importance of their deviations in further
progression of structural changes in the joints.

Among immunological parameters the most
prominent correlation with biochemical
parameters was in cell immunity link,
T-suppressors were responsible for biochemically-
immunological integration during the disease
development.

On the other hand, a large number of multiple
correlation dependencies at more distant stages
of disease duration testify the instability of body
systems secondary to the disease development,
which leads to insufficient compensation in the
event of changes in different parameters of
metabolism. It may be a prerequisite for further
progression of dystrophic changes in the
connective tissue.

Discussion
Information about changes of connective

tissue metabolism in patients with JIA was widely
published. Plenty of studies showed
disorganization of ECM component metabolism
and structural changes of PGs and collagen,
maintaining progress of immune inflammation and
extending the destructive process into deeper
structures of the joints [4, 13–17]. As a result of
our study, the features of connective tissue
metabolism were established to be more specific
for female patients, represented with changes of
all types of proteoglycans, except, chondroitin-6-
sulfate. That fact was proved by the correlation
of the female sex of JIA patients with the CS
content, the total level of GAGs, the amounts of

PEDIATRICS
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chondroitin-6-sulfate, chondroitin-4-sulphate,
highly sulphanated GAGs and the level of
excretion of uronic acids. The similar results we
reported earlier [9]. The decreased serum
concentration of GAGs resulting from the
substantial reduction of sulfated proteoglycans,
particularly CS in untreated children with newly
diagnosed JIA [9, 13, 14, 17], the increased levels
of dermatan sulfate and hyaluronic acid in
untreated JIA patients [9, 17] were recorded
before. Cohort of the patients in our research
included children with JIA, who were treated with
methotrexate initially. In our opinion, it was one
of the reasons of difference absence in the
average total GAGs content, the level of serum
chondroitin-6-sulfate and the concentration of
uronic acid in daily urine in the patients with JIA
under study generally in comparison with those
in the similar aged healthy children.
Corresponding to the results of our follow-up study
the total amount of GAGs, chondroitin-6-sulfate
and chondroitin-4-sulphate in spite of treatment
was significantly lower than in healthy children
only in patients with disease duration more then
5 years, which corresponded with the reports of
our Polish colleagues [13, 17]. On the one hand,
the similarity with other researches was recorded
regarding the increased levels of highly
sulphanated GAGs in JIA patients in comparison
with healthy children [17]. On the other hand,
our results showed that the level of highly
sulphanated GAGs depended on JIA duration,
because its content in the group of patients with
disease history exceeding 5 years was lower then
on previous stages. The significance of changes
in biochemical homeostasis in patients with JIA
is proved by versatility of correlation between
immune system indices and connective tissue
metabolism parameters. Serum content of
chondroitin sulfates correlated with phagocytes
number, T-suppressors rate, the complement
content, the level of IgG and the content of IL-6;
the content of highly sulphanated GAGs correlated
with T-suppressors rate and the level of circulating
immune complexes. Corresponding to our
research and literature data the anti-inflammatory
treatment of children with JIA leads to clinical

improvement, but does not normalize connective
tissue metabolism [14, 15].

Conclusions
The research has identified a significant

imbalance of the structural components of
proteoglycans matrix of the connective tissue in
children with JIA. These changes are reflective
of the presence of the metabolic activity due to
the inflammatory process.

The accumulation of dermatan- and keratan-
containing fractions of GAGs indicates the
disintegration of proteoglycans chains with the
possible development of dystrophic changes as
early as in childhood secondary to JIA.

Females with JIA are at risk for the possible
development of secondary osteoarthritis.

High disease activity is a major predictor of
the development of degenerative changes in joints
that is proved by the multiple correlation
relationships between the indices of proteoglycans
metabolism, the inorganic elements and the
parameters of immunological homeostasis of the
blood.

The severity of metabolic imbalance of
proteoglycans depends on the duration of JIA.

The revealed changes can be the basis for
pharmacological correction of biochemical
composition of connective tissue structures in
order to prevent the development of secondary
dystrophic changes in the affected joints in
children with JIA, and reflect the insufficient
effectiveness of the treatment and persistence
of subclinical activity of inflammation.
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