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INTRODUCTION
Juvenile idiopathic arthritis (JIA) is the

most common rheumatic disease in chil-
dren, with at least three primary modes of
onset: systemic, polyarticular and oligoar-
ticular types (1). The severity of the dis-
ease varies between its active and non-
 active states and follow up requires
multiple blood tests, which can be a major
drawback in children. The pathogenesis
of JIA is characterized by prolonged
chronic inflammation of the synovial
membranes, accompanied by recruitment
of mononuclear cells and phagocytes into
the synovial fluid (2). The accompanying
T-cell abnormalities and pathological

characteristics of this chronic synovitis
suggest an immune cell–mediated patho-
genesis (3). Indeed, proinflammatory cy-
tokines such as TNF-α have been found to
play a pivotal role in the pathogenesis of
JIA, and anti-TNF drugs are used rou-
tinely in the clinical setup (4–6). Two of
these anti-TNF drugs are Infliximab
(Schering-Plough Ltd, Shire Park, Welwyn
Garden City, Hertfordshire, UK) and
Etanercept (Wyeth Pharmaceuticals,
Maidenhead, Berkshire, UK), which differ
in both mechanism of action as well as
level of their related side effects (6). Both
drugs have their drawbacks: aside from
their high cost, they become less effective

as therapy continues and their dosage
often needs to be altered or even replaced
with the other drug. This situation re-
quires intensive follow-up and multiple
blood tests carried out by professional
medical personnel. Therefore, salivary
testing would be a major advantage due
to its noninvasive nature, which would be
much less traumatic for the child and
could even be done at home (7,8).

Oxidative stress is increasingly recog-
nized as one of the major factors con-
tributing to the chronic inflammatory pro-
cess within the inflamed joint. We have
previously reported increased activity of
antioxidant enzymes in the serum and sa-
liva of JIA patients and other salivary al-
terations, indicating a specific disruption
of the salivary glands as part of the JIA
pathogenesis (9). Also, Walton et al. (10)
previously reported salivary gland in-
volvement in JIA, expressed by a decrease
in both salivary flow rates. In yet another
study, our group found that the antioxi-
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dant profile of saliva secreted by rheuma-
toid arthritis (RA) patients showed re-
markably increased levels of antioxidant
enzymes both in saliva and in serum, es-
pecially in severely affected patients, and
also a decrease in salivary rate (11). Fur-
thermore, involvement of the salivary
glands in adults with RA has been recog-
nized for quite some time. Minor salivary
glands of RA patients have been shown to
be infiltrated markedly with lymphocytes,
with B cells predominating over T cells
(12). Other studies showed that the typi-
cal minor salivary gland alterations in RA
include fibrosis, acinar atrophy and lym-
pho-plasma cell sialadenitis (13). In other
studies, it has been reported that matrix
metalloproteinases (MMPs) 2, 3 and 9
were found to be increased in the serum
and in the synovial fluid of JIA patients
(14–17). The MMPs are a family of zinc-
dependent endopeptidases capable of de-
grading all components of the extracellu-
lar matrix, and MMPs contribute
significantly to tissue destruction. The
pathognomonic destruction of cartilage
and bone in JIA is mediated largely by
proteolytic enzymes, among which the
MMPs play a critical role (15,18,19).

MMPs have not been studied in the sa-
liva of JIA patients nor as part of a sali-
vary antioxidant profile and/or composi-
tion in JIA patients. Neither have MMPs
been studied with respect to the activity
status of JIA or the effects of the anti-
TNF therapy. The purpose of the current
study was to conduct a comprehensive
salivary antioxidant and compositional
analysis and examination of MMPs in
JIA patients, and to correlate these to
both the activity status of the disease and
the effects of anti-TNF therapy.

MATERIALS AND METHODS

Patients and Methods
This study was approved by the

Human Studies Ethics Committee of
Rambam Medical Center, Haifa, and each
participant’s parent signed an informed
consent form. Thirty-five patients with
JIA according to the International League
of Associations for Rheumatology (ILAR)

criteria (20) participated in the study, 28
females and 7 males, with a mean age of
12.1 ± 3.9 years old. None of the patients
suffered from any kind of local oral in-
flammatory disease or from any other
systemic disease other than JIA. Of the 35
patients, 7 had systemic, 14 had polyartic-
ular and 14 had pauciarticular course of
disease, while 26/35 had active disease
and 9/35 had non-active JIA, as defined
by established criteria, at the time of the
study (21). All the patients were followed
up at the Pediatric Rheumatology Clinic,
Meyer Children’s Hospital, by the same
pediatric rheumatology expert (RB). Of
the 35 patients, 17 had long-standing dis-
ease (> 5-year duration) while 2 were
treatment free, 17 were on methotrexate
(MTX; Hospira UK Ltd, Queensway,
Royal Leamington Spa, Warwickshire,
UK) and 14 received anti-TNF therapy (5
with Infliximab and 9 with Etanercept).
Sixteen age-matched children (mean age
12.19 ± 3.09 years old) constituted the con-
trol group. Saliva samples were obtained
from each participant and stored for anal-
ysis, as previously described by Brik et al.
(9).

Immunoreactivity Assay (ELISA) for
MMP Levels

Saliva samples were centrifuged (800g,
10 min, 4°C), and the pellets were sus-
pended in 150 μL of lysis buffer (45 mM
HEPES, 0.4 M KCl, 1 mM EDTA, 10%
glycerol, pH 7.8). Following 30 min incu-
bation at room temperature, the samples
were centrifuged (11,000g, 10 min, 4°C).
Protein concentrations in the super-
natants were determined. A volume con-
taining 50 ng of protein was transferred
to a 1.5-mL vial and all samples were
brought to the same volume of 500 μL
with the addition of PBS. The solutions
were mixed well and 100 μL of each sam-
ple was added to enzyme-linked im-
munosorbent assay (ELISA)-plate wells
(nunc-immunoplate; Thermo Fisher Sci-
entific). The plate was covered and stored
overnight at 4°C. The next day, each well
was washed three times with 100 μL PBS-
Tween solution (PBS-T, PBS containing
0.05% Tween 20) and a volume of 100 μL

of 1% BSA PBS-T blocking solution (PBS
containing 0.05% Tween 20 and 1% BSA)
was added to each well. After 1 h incuba-
tion at room temperature, 100 μL of pri-
mary antibody was added to each well.
For MMP9 we used a monoclonal rabbit
anti-human antibody (1:1000; Sigma-
Aldrich, Saint Louis, MO, USA). For
MMP3 we used a monoclonal rabbit anti-
human antibody (1:500; Sigma-Aldrich,
Saint Louis, MO, USA). For MMP2 we
used a monoclonal rabbit anti-human an-
tibody (1:1000; Sigma-Aldrich, Saint
Louis, MO, USA). Following 2 h incuba-
tion at room temperature, the plate was
washed as described above and a volume
of 100 μL of peroxidase-conjugated goat
anti-rabbit secondary antibody (1:5000;
Jackson Immunoresearch, West Grove,
PA, USA) was added to each well. Fol-
lowing 2 h incubation at room tempera-
ture, the plate was washed as described
above. To achieve color development, we
added 100 μL of 3,3′,5,5′-tetramethylben-
zidine solution (TMB) (Southern Biotech)
to each well. After 1–2 min, we added 100
μL of stopping reagent to each well (10%
sulphuric acid). Absorbencies of the sam-
ples were measured at 450 nm directly
after the addition of the stopping reagent,
using a Zenith 200 ELISA reader (Anthos,
Eugendorf, Austria).

General Sialochemistry and Oxidative
Analysis

The salivary analysis was performed as
previously described (9,22) and included
calcium (Ca), phosphate (P) and total pro-
tein (TP) as well as a comprehensive sali-
vary oxidative analysis. The analysis in-
cluded (a) two general measurements of
salivary antioxidant potential: total antiox-
idant status (TAS) and ImAnOx; (b) one
antioxidative molecule: uric acid (UA) and
(c) two antioxidant enzymes: superoxide
dismutase (SOD) and salivary peroxidase
(SPO). Analysis also included one oxida-
tive parameter—carbonyls—which repre-
sents the oxidative damage to proteins.

TAS
The assay used was based on a com-

mercial kit supplied by Randox (USA) in
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which metmyoglobin in the presence of
iron is turned into ferrylmyoglobin. Incu-
bation of the latter with the Randox
reagent ABTS results in the formation of
a blue-green colored radical which can
be detected at 600 nm (23).

Imanox
An ELISA colorimetric test kit

 (Immundiagnostik AG, Bensheim, Ger-
many) was used to measure total salivary
antioxidative capacity quantitatively, as
described previously (24). Briefly, saliva
samples were added to a defined amount
of exogenous hydrogen peroxide (H2O2),
partial elimination of the latter. The resid-
ual H2O2 was determined by an enzy-
matic reaction involving the conversion
of tetramethylbenzidine (TMB) to a col-
orimetric product. Following addition of
a stop solution to the samples, absorbance
was measured at 450nm, using a Zenith
200 ELISA reader (Anthos, Eugendorf,
Austria). To quantify the absorbance val-
ues, we used a calibrator provided by the
manufacturer.

UA Concentration
Uric acid concentration was measured

with a kit supplied by Sentinel CH (Mi-
lano, Italy) as previously described (23).
In the assay, uric acid is transformed by
uricase into allantoin and hydrogen per-
oxide, which, under the catalytic influ-
ence of peroxidase, oxidizes the chro-
mogen (4-aminophenazone/ N-ethyl-
methylanilin propan-sulphonate sodic).
This reaction forms a red compound
whose intensity of color is proportional
to the amount of uric acid present in the
sample and is read at a wavelength of
546 nm.

SPO
Peroxidase activity was measured in

both the patients’ serum and saliva ac-
cording to the NBS assay as described
previously (23). Briefly, the colorimetric
change induced by the reaction between
the enzyme and the substrate, Dithiobis
2-Nitrobensoic Acid (DTNB) in the pres-
ence of mercapto-ethanol, was read at a
wavelength of 412 nm for 20 s.

SOD
Total activity of SOD isoenzymes

(Cu/Zn–SOD and Mn-SOD) was mea-
sured using the xanthine oxidase/2,3-
bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT) method.
This method is a spectrophotometric assay
for SOD based on tetrazo lium salt 3′-[1-
[(phenylamino)- carbonyl]- 3,4-tetrazolium]-
bis(4-methoxy-6-nitro)benzenesulfonic acid
hydrate reduction by xanthine–xanthine
oxidase. The method is a modification of
the NBT assay. XTT is reduced by the su-
peroxide anion (O2

•¯) generated by xan-
thine oxidase. Formazan is read at 470 nm.
SOD inhibits this reaction by scavenging
the O2

•. One unit of the enzyme is defined
as the amount of enzyme needed for 50%
inhibition of absorption in the absence of
the enzyme (23).

Detection of Protein Oxidation (Protein
Carbonyl Assay)

An ELISA colorimetric test kit (Cayman
Chemical, New Zealand) was used to
quantitatively measure the products of
protein oxidation (carbonyls) in saliva
samples. Saliva samples were centrifuged
(800g, 10 min, 4°C), and the pellets were
suspended in 150 μL of lysis buffer 
(45 mM HEPES, 0.4 M KCl, 1 mM EDTA,
10% glycerol, pH 7.8). Following 30 min
incubation at room temperature, the
samples were centrifuged (11,000g, 
10 min, 4°C) and the supernatants were
stored at –20°C. On the day of the car-
bonyl analysis, the supernatants were
thawed and protein concentrations were
determined. A total of 20 μg was trans-
ferred to a 1.5-mL vial and all samples
were brought to the same volume of 
100 μL with the addition of water of high
pressure liquid chromatography grade
(HPLC). We added 0.8 volumes of ice cold
28% trichloroacetic acid (TCA), mixed
well, and after 10 min of incubation on
ice, the tubes were centrifuged (10,000g,
3 min, 4°C). Supernatants were aspirated
carefully without disturbing the pellet; 
5 μL of EIA buffer (1 M phosphate solu-
tion containing 1% BSA, 4 M NaCl, 10
mM EDTA and 0.1% sodium azide) and
15 μL diluted 2,4-dinitrophenol (DNP)

solution were added to samples accord-
ing to the manufacturer’s instructions.
Following 45 min incubation at room
temperature, 5 μL of each sample were
taken to a parallel set of 1.5-mL vials
containing 1 mL EIA buffer. The solu-
tions were mixed thoroughly and 200 μL
of each sample was added to ELISA-
plate wells. The plate was covered and
stored overnight at 4°C. The next d, the
plate was washed three times with EIA
buffer (250 μL per well) and 250 μL of di-
luted blocking solution (provided by the
manufacturer) was added to each well.
After 30 min incubation at room temper-
ature, the wells were washed as de-
scribed above and 200 μL of diluted anti-
DNP-biotin-antibody was added to each
well. The plate was incubated for 1 h at
37°C. Following incubation, the plate
was washed and 200 μL of diluted strep-
tavidin-HRP were added to each well.
After 1 h incubation at room temperature
the plate was washed as described
above. To achieve color development, we
added 200 μL of chromatin reagent (pro-
vided by the manufacturer) to each well.
After 5 min, we added 100 μL of stop-
ping reagent to each well. Absorbencies
of the samples were measured at 450 nm
directly after the addition of the stopping
reagent, using a Zenith 200 ELISA reader
(Anthos). To quantify the absorbance val-
ues, we performed the same procedure
for standard and control samples pro-
vided by the manufacturer, and created a
standard curve.

Statistical Analysis
Data concerning the levels of various

parameters evaluated in saliva were ob-
served and calculated. Because of the
large inborn variability of parameters in
saliva, median values were calculated.
The results of saliva parameters between
subgroups of patients (two or more) were
compared by the Kruskal–Wallis test (a
multiple-comparison nonparametric test).
The correlation coefficients between the
pairs of salivary parameters levels were
analyzed using the Spearman correlation
analysis. Sensitivity and specificity values
were calculated as the fraction of obser-
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vations, which were correctly classified.
A P value smaller than 0.05 was regarded
as statistically significant.

RESULTS

MMP Levels
A significant decrease of MMPs evalu-

ated was found in JIA patients compared
with control healthy children. The me-
dian values of MMP-9, MMP-3 and
MMP-2 in the controls were 0.994, 0.668
and 0.524, respectively. In the JIA children
these values were lower by 52.2% (P =
0.0001), 36.2% (P = 0.0001) and 47.2% (P =
0.0001), respectively. The reduction in the
MMP levels was even greater in JIA chil-
dren being treated with anti-TNF therapy
as compared with those untreated (with-
out anti-TNF). The median MMP-9,
MMP-3 and MMP-2 levels were lower in
JIA patients without anti-TNF treatment
by 36.7% (P = 0.01), 30.0% (P = 0.0001)
and 10.7% (P = 0.0001), respectively. A
greater reduction in MMP levels was ob-
served in the group of patients treated
with anti-TNF drugs: median MMP-9,
MMP-3 and MMP-2 levels were lower
than in controls by 51.1% (P = 0.0001),
61.5% (P = 0.0001) and 55.4% (P = 0.0001),
respectively.

The salivary median concentrations of
MMP-2, MMP-3 and MMP-9 in the anti-
TNF treated children were 0.234, 0.411

and 0.424, respectively, lower by 50% 
(P = 0.0006), 12.2% (P = 0.048) and 29.1%
(P = 0.036) than in the untreated children
(which were lower than in controls).

In contrast to the anti-TNF therapy, the
status of disease activity did not influ-
ence the level of reduction. MMP levels
were reduced in a similar manner in the
JIA children regardless of disease activity
status and the reduced MMP levels were
not statistically different; in fact, they
were almost identical in  active JIA and
non-active JIA children (Figure 1–3).

General Sialochemistry
The salivary calcium concentrations

were altered in a similar manner as those
of the MMPs in the control and JIA chil-
dren. Phosphate concentrations demon-
strated opposite trends though these did
not reach statistical significance.

Thus a significant decrease in calcium
concentration was found in JIA patients
compared with healthy control children.
The median value of calcium in the con-
trol group was 2.35 mg/dL, whereas in
the JIA children this value was lower by
23.5% (P = 0.045).

The median salivary phosphate con-
centrations of the control and JIA chil-
dren were not significantly different (NS):
13.3 mg/dL and 10.9 mg/dL, respectively.

The phosphate concentrations of the anti-
TNF treated and untreated children were
similar, 13.6mg/dL and 12.9 mg/dL, re-
spectively. In the JIA active versus JIA
non-active children these values were
13.1 mg/dL (NS) and 14.0 mg/dL (NS),
respectively. The salivary total protein
concentrations in the controls and JIA 
patients were 50.5 mg/dL (NS) and 
49.3 mg/dL (NS), respectively. Neither
were any significant alterations found 
n the total protein concentrations of the
JIA subgroups: active versus non-active
or anti-TNF treated versus untreated
 subgroups.

Oxidative Analysis
In contrast to the MMPs, most of the

analyzed antioxidative parameters
demonstrated the opposite trend, that is,
a substantial increase in salivary antioxi-
dants in the JIA children (Table 1). The
median salivary antioxidant values of the
TAS, ImAnOx, UA, SOD and SPO in the
controls were 0.27 mmol/L, 193 umol/L,
0.70 mg/dL, 1.2 U/mL and 0.51, respec-
tively, while that of the carbonyls (the
only oxidative parameter analyzed) was
0.087 nmol/mg. The TAS, ImAnOx, UA
and carbonyls increased substantially in
the JIA children, more so when the dis-
ease was active, while the SOD and the

Figure 2. Median levels of salivary MMPs in
healthy controls (Control salivary samples;
n = 16), patients with an active state of JIA
(Active patient salivary samples; n = 26)
and patients with a non-active state of JIA
(Non-active patient salivary samples; n =
9). The data is presented as percentage
out of MMP9 levels in the control group.
The significance values (**P < 0.01) were
calculated for each group in comparison
to its respective control. 

Figure 3. Median levels of salivary MMPs in
healthy controls (Control salivary samples;
n = 16), patients treated with anti-TNF
(Anti-TNF treated patient salivary samples;
n = 14) and untreated patients (Untreated
patient salivary samples; n = 21). The data
is presented as percentage out of MMP9
levels in the control group. The significance
values (**P < 0.01) were calculated for
each group in comparison to its respec-
tive control.

Figure 1. Median levels of salivary MMPs
in healthy controls (Control salivary sam-
ples; n = 16) and JIA patients (Patient sali-
vary samples; n = 35). The data is pre-
sented as percentage out of MMP9 levels
in the control group. The significance val-
ues (**P < 0.01) were calculated for each
group in comparison to its respective
control.
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SPO values remained virtually un-
changed. The change in the TAS, ImAnOx
and SPO median levels reached statisti-
cal significance and more so when the
disease was active. Hence, in the JIA chil-
dren (all patients group) the TAS was
higher by 44% (P = 0.01), the ImAnOx by
24.8% (P = 0.04), the SPO by 6.1% (P =
0.009), the carbonyls by 85% (NS), the
UA by 14.2% (NS) and the SOD by 8.7%
(NS). In the JIA-active subgroup the me-
dian levels of UA, TAS and carbonyls
were higher by 142% (P = 0.01), 68% (NS)
and 25% (NS), respectively, as compared
with the JIA non- active children (Table 1).
The further increase in the antioxidant

potential of the JIA-active group was also
accompanied by total prevention of an
increase in carbonyls, and hence the car-
bonyl concentration of the controls and
the JIA-active children was identical.

The anti-TNF treatment made no dif-
ference with respect to the JIA-induced
increase in antioxidants, and there were
no statistical differences in the antioxi-
dant parameters among the anti-TNF
treated versus untreated subgroups
(Table 1).

Spearman Correlation Analysis
The Spearman analysis revealed high

correlation rates for MMP-3 and MMP-2;

MMP-3 and MMP-9; and MMP-2 and
MMP-9 which were r = 0.89 (P = 0.0001);
r = 0.80 (P = 0.0001) and r = 0.79 (P =
0.0001), respectively. The analysis re-
vealed moderate correlation rates for
MMP-3 and Ca; MMP-9 and Ca and
MMP-2 and Ca which were r = 0.46 (P =
0.001); r = 0.40 (P = 0.007) and r = 0.41
(P = 0.004), respectively.

Sensitivity, Specificity
The sensitivity values for salivary

MMP-2, MMP-3, MMP-9 and TAS con-
centrations (based on cutoff value =
mean ± 1 STD), were 80%, 74%, 66% and
51%, respectively, while for the speci-

Table 1. Summary of oxidative stress related data for measurements of total salivary antioxidant status levels (TAS), total antioxidative
capacity (ImAnOx), activity of three salivary antioxidants (Uric acid, SOD, SPO) and the salivary protein oxidation levels (carbonyls).a

Group TAS, mmol/L ImAnOx, (umol/L) Uric acid, mg/dL SOD, U/mL SPO, ODb Carbonyls, nmol/mg

Control
n 16 13 16 16 16 16
Range [0.14–0.48] [6–333] [0.0–2.1] [0.69–4.61] [0.215–0.55] [–0.215 to 1.3]
Median 0.27 193 0.70 1.205 0.515 0.087

All patients
n 35 26 35 33 35 32
Range [0.19–1.28] [158–389] [0.0–5.2] [0.64–3.28] [0.41–0.553] [–0.128 to 1.55]
Median 0.39 241 0.80 1.31 0.485 0.161
P2c 0.01d 0.049 0.57 0.709 0.009c 0.444

Anti-TNF treated patients
n 14 12 14 14 14 13
Range [0.26–0.58] [158–389] [0.0–5.2] [0.64–3.26] [0.428–0.523] [–0.13 to 1.55]
Median 0.39 239 0.75 1.07 0.476 0.25
P2c 0.0144e 0.07 0.643 0.826 0.014e 0.188

Untreated patients
n 21 14 21 20 21 19
Range [0.19–1.28] [159–315] [0.0–2.3] [0.8–3.28] [0.41–0.553] [–0.1 to 0.63]
Median 0.37 241 1.0 1.395 0.496 0.122
P2c 0.0384e 0.254 0.599 0.474 0.032e 0.869

Active-JIA patients
n 26 18 26 24 26 23
Range [0.23–1.28] [158–370] [0.0–5.2] [0.8–3.28] [0.41–0.553] [–0.13 to 1.55]
Median 0.437 248 1.7 1.35 0.48 0.166
P2c 0.001d 0.062e 0.60 0.553 0.006d 0.607

Non-active-JIA patients
n 9 8 9 9 9 9
Range [0.19–0.50] [159–389] [0.1–1.7] [0.64–3.26] [0.45–0.52] [–0.03 to 0.88]
Median 0.26 241 0.7 1.26 0.51 0.132
P2c 0.976 0.469 0.648 0.82 0.213 0.336

aFor calculation of P values, all groups were compared with the control group.
bOD, optical density (absorbance).
cP2, Kruskal–Wallis test.
dP ≤ 0.01.
eP ≤ 0.01.
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ficity values they were 81%, 81%, 88%
and 75%, respectively.

DISCUSSION
The currently reported data demon-

strate a significant enhancement of the
salivary antioxidant system in JIA pa-
tients which is even greater when the
disease is in its active state. This was
demonstrated by various analyzed pa-
rameters, including the uric acid mole-
cule (which is considered responsible
for no less than 70% of the salivary anti-
oxidant potential (25–27) and the two
general salivary antioxidant analyses
performed—TAS and ImAnOx. Concur-
rently we report, for the first time, that
salivary MMPs are reduced in JIA and
more so following anti-TNF therapy. This
is accompanied by a similar reduction in
salivary calcium. These results are im-
portant at the diagnostic level and also
for their value concerning the pathogene-
sis of the disease, considering the highly
significant reductions concomitantly
demonstrated for all three MMPs exam-
ined and the high correlation rates
among these reductions. Simple kits for
salivary MMP detection may be used by
children or their parents for diagnostic
purposes. The relatively high sensitivity
and specificity scores obtained may be
further improved if various MMPs were
examined simultaneously. However, the
results of JIA-related reductions of
MMPs 2, 3 and 9 in the saliva are puz-
zling, as these specific MMPs were found
to be increased in the serum and in the
synovial fluid of JIA and rheumatoid
arthritis (RA) patients (14–17). It is well
established that most enzymes found in
the saliva originate from the salivary or
oral mucosal cells and not from the
serum (28). This could explain an ab-
sence of increase in the salivary MMP in
JIA, but not a decrease. Therefore, we
should look for a mechanism which is re-
lated to JIA and its local effects on saliva.
In contrast to what is expected due to
data reporting the increase of MMP-2,
MMP-3 and MMP-9 in the serum, the
fact that all three MMPs were reduced in
the saliva seems to indicate the presence

of a local mechanism. The currently re-
ported increase in various salivary anti-
oxidant parameters is of no surprise; in
recent years, oxidative stress has become
increasingly recognized as one of the
major factors contributing to the chronic
inflammatory process both in RA and in
JIA patients (9,11,29–33). Furthermore,
increased MMP expression and activity
was reportedly induced by the greater
oxidative stress in general and also in
rheumatoid synovial cells, as was shown
in numerous studies; and vice versa,
MMP expression and activity was de-
creased by antioxidants such as vitamin
E or SOD (18,34–40). It is also worth not-
ing recent reports demonstrating that the
bioflavonoid Hesperidin protects against
the effects of nicotine by reversing the
nicotine-induced parallel increase of both
oxidative stress and enhanced MMP ex-
pression (19,41,42). In another study, bio -
flavonoids, which are antioxidants and
antiinflammatory drugs, inhibited the el-
evation of intracellular calcium and the
production of the proinflammatory cyto -
kines TNF-α and IL-6 in a model of mast
cell-mediated inflammation (43). Oxida-
tive stress also was shown to induce var-
ious inflammatory mediators of rheuma-
toid arthritis, such as prostaglandins
formed by Cox-2 in the synovium (44).
Such proinflammatory cytokines have
been shown to induce MMPs and, there-
fore, it is not surprising that anti-TNF
therapies have been found to reduce
serum MMP levels in patients with RA
(11–14). Indeed, Mentzel et al., (45) who
studied a rat model for antigen-induced
arthritis, reported that TNF-α increased
total MMP activity, levels of IL-6 and oxi-
dant nitric oxide (NO) in the super-
natants of synoviocytes, and induced the
expression of MMP9 (as did IL-1β).
There is a demonstrated association be-
tween calcium release from various cells
following their exposure to oxidative
stress which is reported to be accompa-
nied by increased MMP activity
(34–37,46). There also are reports demon-
strating that calcium-phosphate crystals
normally associated with rheumatic syn-
dromes stimulate a variety of inflamma-

tory mediators such as prostaglandin E
(2), NO, IL-1β and MMPs (47,48).

In summary, we suggest that the in-
crease in salivary antioxidant capacity in
JIA leads to a local abrogation of its
pathological network, resulting in sub-
stantial hindrance of produced carbonyls
as well as a significant reduction in sali-
vary MMPs and calcium. This was en-
hanced further by the anti-TNF therapy,
which intervened with another pivotal
component of this network, the major
proinflammatory mediator. The signifi-
cance of these results at the diagnostic
level has been discussed earlier. How-
ever, we think that this may have possi-
ble implications on future therapy as
well, and we suggest adding antioxidant
therapy to the JIA patients, both locally
and systemically.

DISCLOSURE
The authors declare that they have no

competing interests as defined by Molec-
ular Medicine, or other interests that
might be perceived to influence the re-
sults and discussion reported in this
paper.

REFERENCES
1. Cassidy JT, Petty RE. Juvenile Rheumatoid Arthri-

tis. In: Cassidy JT, Petty RE, eds. Textbook of Pediatric
Rheumatology. Philadelphia: Saunders 2001:218–38.

2. Bosco MC et al. (2009) The hypoxic synovial envi-
ronment regulates expression of vascular en-
dothelial growth factor and osteopontin in juve-
nile idiopathic arthritis. J. Rheumatol. 36:1318–29.

3. Cush JJ, Lipsky PE. (1991) Cellular basis of
rheumatoid inflammation. Clin. Orthop. Related
Res. 265:9–22.

4. Hashkes PJ, Laxer RM. (2005) Medical treatment
of juvenile idiopathic arthritis. JAMA. 294:1671–84.

5. Borchers AT, et al. (2006) Juvenile idiopathic
arthritis. Autoimmun. Rev. 5:279–98.

6. Chikanza IC. (2002) Juvenile Rheumatoid Arthritis –
therapeutic perspectives. Pediatr. Drugs 4:335–48.

7. Zurawa-Janicka D, et al. (2006) Preferential im-
munoglobulin oxidation in children with juvenile
idiopathic arthritis. Scand. J. Rheumatol. 35:193–200.

8. Lotito AP, et al. (2004) Nitric oxide-derived
species in synovial fluid from patients with juve-
nile idiopathic arthritis. J. Rheumatol. 31:992–7.

9. Brik R, Livnat G, Pollack S, Catz R, Nagler R.
(2006) Salivary gland involvement and oxidative
stress in juvenile idiopathic arthritis: novel obser-
vation in oligoarticular-type patients. J. Rheuma-
tol. 33:2532–7.



1 2 8 |  B R I K  E T  A L .  |  M O L  M E D  1 6 ( 3 - 4 ) 1 2 2 - 1 2 8 ,  M A R C H - A P R I L  2 0 1 0

S A L I V A R Y  A N T I O X I D A N T S  A N D  M M P s I N  J I A

10. Walton AG, Welbury RR, Foster HE, Wright WG,
Thomason JM. (2002) Sialochemistry in juvenile
idiopathic arthritis. Oral Dis. 8:287–90.

11. Nagler RM, Salameh F, Reznic AZ, Livshits V,
Nahir AM. (2003) Salivary gland involvement in
rheumatoid arthritis and its relationship to in-
duced oxidative stress. Rheumatology. 42:1231–41.

12. Sullivan S, et al. (1978) Impairment of lacrimal
and salivary secretion and cellular immune re-
sponses to salivary antigens in rheumatoid
arthritis. Ann. Rheum. Dis. 37:164–7.

13. Markkanen SO, Syrjanen SM, Lappapainen R,
Markkanean H. (1989) Assessment of labial sali-
vary gland changes in patients with rheumatoid
arthritis by subjective and quantitative methods.
Appl. Pathol. 7:233–40.

14. Gattorno M, et al. (2002) Synovial membrane ex-
pression of matrix metalloproteinases and tissue in-
hibitor 1 in Juvenile Idiopathic Arthritis. J. Rheuma-
tol. 29:1774–9.

15. Peake NJ, et al. (2005) Levels of matrix metallo-
proteinase (MMP)-1 in paired sera and synovial
fluids of juvenile idiopathic arthritis patients: re-
lationship to inflammatory activity, MMP-3 and
tissue inhibitor of metalloproteinases-1 in a lon-
gitudinal study. Rheumatology. 44:1383–9.

16. Gattorno M, et al. (2002) Serum and synovial
fluid concentrations of matrix metalloproteinases
3 and its tissue inhibitor 1 in Juvenile Idiopathic
Arthritis. J. Rheumatol. 29:826–31.

17. Peake NJ, Foster HE, Khawaja K, Cawston TE,
Rowan AD. (2006) Assessment of the clinical sig-
nificance of gelatinase activity in patients with
juvenile idiopathic arthritis using quantitative
protein substrate zymography. Ann. Rheum. Dis.
65:501–7.

18. Hirai Y, et al. (2001) Effects of nitric oxide on ma-
trix metalloproteinase-2 production by rheuma-
toid synovial cells. Life Sci. 68:913–20.

19. Balakrishnan A, Menon VP. (2007) Antioxidant
properties of hesperidin in nicotine-induced lung
toxicity. Fundam. Clin. Pharmacol. 21:535–46.

20. Petty RE, et al. (1998) Revision of the proposed
classification criteria for juvenile idiopathic
arthritis: Durban 1977. J. Rheumatol. 25:1991–4.

21. Brunner HI, Lovell DJ, Finch BK, Gianni EH. (2002)
Preliminary definition of disease flare in juvenile
rheumatoid arthritis. J. Rheumatol. 29:1058–64.

22. Nagler RM, Lischinsky S, Diamond E, Klein I,
Reznick AZ. (2001) New insights into salivary
lactate dehydrogenase of human subjects. J. Lab.
Clin. Med. 137:363–9.

23. Nagler RM, Klein I, Zarzhevsky N, Drigues N,
Reznick AZ. (2002) Characterization of the differ-
entiated antioxidant profile of human saliva. Free
Radic. Biol. Med. 32:268–77.

24. Hershkovich O, Shafat I, Nagler RM. (2007) Age-
related changes in salivary antioxidant profile:
possible implications for oral cancer. J. Gerontol.
A Biol. Sci. Med. Sci. 62:361–6

25. Moore S, Calder KAC, Miller NJ, Rice-Evans CA.
(1994) Antioxidant activity of saliva and peri-
odontal disease. Free Radic. Res. 21:417–25.

26. Kondakova I, Lissi EA, Pizarro M. (1999) Total
reactive antioxidant potential in human saliva of
smokers and non-smokers. Biochem. Mol. Biol. Int.
6:911–20.

27. Terao J, Nagao A. (1991) Antioxidative effect of
human saliva on lipid peroxidation. Agric. Biol.
Chem. 55:869–72.

28. Nagler RM, Hershkovich O, Lischinsky S, Dia-
mond E, Reznick AZ. (2002) Saliva analysis in
the clinical setting: revisiting an underused diag-
nostic tool. J. Investig. Med. 50:214–25.

29. Darlington LG, Stone TW. (2001) Antioxidant and
fatty acids in the amelioration of rheumatoid arthri-
tis and related disorders. Br. J. Nutr. 85:251–69.

30. Mantle D, Falkous G, Walker D. (1999) Quantifi-
cation of protease activities in synovial fluid
from rheumatoid and osteoarthritis cases: com-
parison with antioxidant and free radical dam-
age markers. Clin. Chem. Acta. 284:45–58.

31. Blake DR, et al. (1989) Hypoxic-reperfusion in-
jury in the inflamed human joint. Lancet.
8633:289–93.

32. Babior BM. (2000) Phagocytes and oxidative
stress. Am. J. Med. 109:33–44.

33. Harris ED Jr. (1990) Rheumatoid arthritis. Patho-
physiology and implications for therapy. N. Engl.
J. Med. 18:1277–89.

34. Mandal M, Das S, Chakraborti T, Mandal A,
Chakraborti S. (2003) Role of matrix metallopro-
tease-2 in oxidant activation of Ca2+ ATPase by
hydrogen peroxide in pulmonary vascular
smooth muscle plasma membrane. J. Biosci.
28:205–13.

35. Mandal A, et al. (2004) Matrix metalloproteinase-
2-mediated inhibition of Na+-dependent Ca+ up-
take by superoxide radicals (O2*-) in microsomes
of pulmonary smooth muscle. IUBMB Life.
56:267–76.

36. Mandal A, et al. (2005) Role of MMP-2 in inhibit-
ing Na+ dependent Ca2+ uptake by H2O2 in mi-
crosomes isolated from pulmonary smooth mus-
cle. Mol. Cell. Biochem. 270:79–87.

37. Chakraborti S, Mandal A, Das S, Chakraborti T.
(2005) Role of MMP-2 in PKCdelta-mediated in-
hibition of Na+ dependent Ca2+ uptake in mi-
crosomes of pulmonary smooth muscle: involve-
ment of a pertussis toxin sensitive protein. Mol.
Cell. Biochem. 280:107–17.

38. Cox MJ, Hawkins UA, Hoit BD, Tyagi SC. (2004)
Attenuation of oxidative stress and remodeling
by cardiac inhibitor of metalloproteinase protein
transfer. Circulation. 109:2123–8.

39. Tiku ML, Shah R, Allison GT. (2000) Evidence
linking chondrocyte lipid peroxidation to carti-
lage matrix protein degradation. Possible role in
cartilage aging and the pathogenesis of os-
teoarthritis. J. Biol. Chem. 275:20069–76.

40. Ishii Y, et al. (2003) Induction of matrix metallo-
proteinase gene transcription by nitric oxide and
mechanisms of MMP-1 gene induction in human
melanoma cell lines. Int. J. Cancer. 103:161–8.

41. Balakrishnan A, Menon VP. (2007) Effect of hes-
peridin on matrix metalloproteinases and antiox-

idant status during nicotine-induced toxicity.
Toxicology. 238:90–8.

42. Balakrishnan A, Menon VP. (2007) Protective ef-
fect of hesperidin on nicotine induced toxicity in
rats. Indian J. Exp. Biol. 45:194–202.

43. Park HH, et al. (2008) Flavonoids inhibit histamine
release and expression of proinflammatory cy-
tokines in mast cells. Arch. Pharm. Res. 31:1303–11.

44. Honda S, et al. (2000) Induction of COX-2 expres-
sion by nitric oxide in rheumatoid synovial cells.
Biochem. Biophys. Res. Commun. 268:928–31.

45. Mentzel K, Brauer R. (1998) Matrix metallopro-
teinases, IL-6, and nitric oxide in rat antigen-in-
duced arthritis. Clin. Exp. Rheumatol. 16:269–76.

46. Pariente JA, Camello C, Camello PJ, Salido GM.
(2001) Release of calcium from mitochondrial
and nonmitochondrial intracellular stores in
mouse pancreatic acinar cells by hydrogen per-
oxide. J. Membr. Biol. 179:27–35.

47. Molloy ES, Morgan MP, McDonnell B, O’Byrne J,
McCarthy GM. (2007) BCP crystals increase
prostacyclin production and upregulate the
prostacyclin receptor in OA synovial fibroblasts:
potential effects on mPGES1 and MMP-13. Os-
teoarthritis Cartilage. 15:414–20.

48. Molloy ES, McCarthy GM. (2006) Basic calcium
phosphate crystals: pathways to joint degenera-
tion. Curr. Opin. Rheumatol. 18:187–92.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




