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ABSTRACT

There are important interactions
between nervous system and rheu-
matic diseases. CGRP plays an im-
portant role in neural regulation of in-
flammatory synovial cell functions. In
rheumatoid arthritis (RA), degrading
cartilage releases increased amounts
of GAGs.

In this study the blood and
synovial fluid (S.F.) concentrations
of calcitonin gene-related peptide
(CGRP) and glycosaminoglycans
(GAGs) were measured in patients
with rheumatoid arthritis (R.A.). Signif-
icantly higher levels of CGRP and
GAGs in S.F. were found when
compéred to the controls. However,
plasma CGRP and serum- GAGs
showed no significant difference
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between R.A. and controls. A positive
correlation was found between S.F.
levels of CGRP and GAGs. Our re-
sults suggested that S.F. levels of
CGRP and GAGs can be used as a
specific battery of markers for R.A in-
flammatory processes and cartilage
degradation.

INTRODUCTION

Rheumatoid arthritis (RA) is a
chronic systemic inflammatory dis-
ease predominantly affecting the peri-
pheral joints (Hermann et al., 1998). It
is now well established that proinflam-
matory cytokines such as tumor nec-
rosis factor a ((TNF-a) and interleu-
kin-1 (IL-1) are involved in the
inflammatory process leading to de-
struction of cartilage and bone and,
eventually, to disability (Arend and
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Dayer, 1995, Feldmann et al., 1996).
This pathologic process is partly
counterbalanced by the production of
mediators with antiinflammatory activ-
ities, such as IL-10 and cytokine in-
hibitors, including soluble TNF recep-
tors and the IL-1 receptor antagonist
(Hermann et al., 1998). The precise
role of other cytokines abundantly de-
tectable in RA joints remains a sub-
ject of controversy (Hermann et al.,
1998).

Several hypotheses have been
advanced to explain the pathogenesis
of inflammation and joint damage in
R.A. (Bensouyad et al., 1990). Long
standing clinical observations
suggest important interactions
between nervous system and
rheumatic diseases (Farndale et al.,
1986).

The release of CGRP from peri-
pheral nerve endings with other neu-
ropeptides resulting in vasodilation,
increased microvascular permeability
and plasma extravasation was sug-
gested by Bensouyad et al. (1990).
So the release of CGRP from synovial
nerve terminals seems to enhance or
alternatively, protect the synovium
from continuing damage (Hernanz et
al., 1993, Kidd et al., 1990). A more
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recent study (Takeba et al., 1999)
suggested a neural regulation of in-
flammatory synovial cell functions by
CGRP.

CGRP is a 37 amino acid poly-
peptide chain, which arises by
alternative processing of the cal-
citonin gene mRNA transcript (Lundy
et al., 1999). The peptide is highly
conserved in different mammalian
species, between which 26 amino
acids are homologous. It has o and B
forms, the B-form differs from the cor-
responding a-form by one and three
amino acids in rats and humans,
respectively (Farndale et al., 1986).
The structure of human (CGRP com-
prizes an N-terminal disulphide bond-
ed loop (amino acids 2 to 7), a well
defined a-helix (amino acids 8 to 18)
and a turn type conformation (amino
acids 19 to 21) leads into an area of
predominantly disordered structure
before terminating in a carboxy-
terminal amide group (Farndale et al.,
1986).

Normal cartilage consists mainly
of collagen and proteoglycans
(protein core and GAG side chains).
In normal cartilage, proteoglycans
turn over slowly and as the degraded

moelcules are released they are
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replaced by newly synthesized
components (Bensouyad et al.,
1990). In R.A. higher concentration of
GAGs in S.F. was found, as degrad-
ing cartilage releases increased
amount of GAGs (Bensouyad et al.,
1990).

The objective of this study is the
measurement of blood and S.F. levels
of CGRP and GAGs to elucidate the
possible involvement of CGRP in the
inflammatory process as well as the
use of GAGs as an indicator of in-
creased cartilage degradation in R.A.
Also fo find any possible correlation
between CGRP and GAGs which can
be used as a more specific marker in
R.A.

Table (1) :.

SUBJECTS AND METHODS
This study was conducted on 32
subjects. They gave written consents
to share in the study. They were clas-
sified into two groups.

Group | (R.A. group): comprised
22 patients (16 women, 6 men)
attending to the outpatient clinic
of Rheumatology, Mansoura Universi-
ty Hospital. They had newly diag-
nosed definite or classical rheuma-
toid arthritis fulfilling the revised
criteria of the American College of
Rheumatology (Aret et al., 1988)
which stated that rheumatoid arthri-
tis is diagnosed if at least four of
seven criteria are present. These sey-
en criteria are shown in table (1).

Criterion

Comment

1. Morning stiffness.
2, Arthritis of at least three areas.
3. Arthritis of hand joints.

4. Symmetrical arthritis.

7. Radiographic changes.

e Duration > 1 h lasting > 6 weeks.

» Soft tissue swelling or exudation lasting > 6 weeks.

» Wrist, metacarpophalangeal joints or proximal inter-
phalangeal joints lasting > 6 weeks.

» At least one area, lasting > 6 weeks.

5. Rheumatoid nodules. » As observed by a physician.
6. Serum rheumatoid factor. *As assessed by a method positive in less than 5% of
control subjects.

» As seen on anteroposterior films of wrists and hands.
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Their ages ranged from 19 to 67
years (mean 46), and the mean dura-
tion of the disease was 9 years. They
were being treated with non-steroidal
anti-inflammatory drugs, anti-
rheumatic drugs and mild analgiscs.
All patients were instructed to stop
any drug treatment for one month be-
fore taking blood and S.F. samples.
No smoking was allowed during the
day before. Any patient would be ex-
cluded from the study if he had any of
the following criteria.

a- Under steroid therapy (either intra-

articular or systemic).

History of or known endocrinal dis-

ease.

c- Chronic liver disease.

d- Cardiac, respiratory or renal dis-
eases.

b

Group Il (Control group): com-
prised ten healthy volunteers (8 wom-
en, 2 men). Their ages ranged from
17 to 66 years (mean 44). They were
submitted to history taking and thor-
ough clinical and laboratory investiga-
tions to exclude other inflammatory
joint diseases, diabetes mellitus and
malignancies.

Parallel samples of blood and S.F.
were collected in all subjects after
overnight 8h fasting. S.F. were ob-
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tained from the knee joint when
arthrocentesis was indicated for ther-
apeutic reasons.

Blood and S.F. samples for CGRP
assay were taken into ice cooled
polypropylene tubes containing
KoEDTA (1 mg/mi of blood or
synovial fluid) and aprotinin (500
KIU/ml of blood or synovial fluid
(Hernanz etal., 1993), centrifuged
in cooling centrifuge at 6000 rpm
for 20 minutes and the plasma
samples were separated immedi-
ately and stored at-20 °C until
assay.

Serum samples for GAG assay
were collected and separated from
whole venous blood and stored in ali-
quots at -200C. S.F. samples for GAG
assay were immediately mixed with
citrate (10% V/V) and centrifuged
(Farndale et al., 1986). The cell free
supernate was stored at -200C until
assay.

Blood and S.F. samples were
analyzed for:

1. CGRP by radioimmunoassay
by the kits from Peninsula La-
boratories, Inc., (Taylor Way, Bel-
mont, California, USA). The assay
is based upon the competition
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between labeled 125| peptide and
unlabeled peptide (either standard
or unknown) binding to a limited
quantity of specific antibody. As the
concentration of standard or unknown
in the reaction increases, the
amount of 125]-peptide able to bind
to the antibody decreases. By
measuring the amount of 125
peptide bound as a function of the
concentration of the unlabeled pep-
tide in standard reaction mixtures, it
is possible to construct a "standard
curve" from which the concentration
of the peptide in unknown samples
can be determined

2. GAGs according to the colori-
metric method of Farndale et al.
(1986).

Statistical analysis
The data of this study were

statistically = analyzed using the
SPSS/PC Computer Package ver-
sion 5 on an IBM compatible
personal computer (SPSS Inc., Chica-
go IL). Unpaired student's t-test was
used to evaluate the difference in
each variable between the two
groups. P value <0.05 is considered
significant.

RESULTS

Table (2) shows that the S.F. con-
centrations of CGRP and GAGs are
very highly significantly in-
creased (P<0.001). However there
were no significant differences in
the levels of plasma CGRP and
serum GAGs.

Table (3): shows that there is a
positive correlation (r = 0.704 P<0.01)
between S.F. levels of CGRP and
GAGs.
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Table (2) : CGRP (pmol/L) and GAGs (ug/ml) in blood and S.F. in both studied
groups.
Control group R.A. group P value
(n=10) (n=22)
Plasma CGRP
Mean 14.12 16.49 >0.05
iS.EM. 12.18 12.32
S.F. CGRP
Mean 13.39 32.39 <0.001
+S.EM. +.77 +1.89
Serum GAGs
Mean 85.3 83.93 >0.05
+S.EM. +1.711 +1.912
S.F. GAGs
Mean 55.86 169.22 <0.001
+S.EM. +2.423 +19.87

(P>0.05) : non significant. (P < 0.001): Very highly significant.

Table (3) : Correlation between blood and S.F. levels of CGRP and GAGs in

both studied groups.
S.F. CGRP S.F. GAGs
Plasma CGRP r -0.065 -0.085
p >0.05 >0.05
Serum GAGs r 0.173 -0.097
P >0.05 >0.05
S.F. GAGs r 0.704
p <0.01

r = Pearson correlation coefficient
P>0.05: Non significant
P<0.01: Highly significant
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DISCUSSION

Although rheumatoid arthritis (RA)
is believed to be primarily an inflam-
matory disease of synovium, there is
a good possibility that the initiation of
the rheumatoid process is triggered
by the autoimmune reaction involving
type Il collagen in the articular carti-
lage as a consequence of an un-
known aetiologic agent. Synovitis and
other extra-articular features may be
induced secondary to the immune
complex formation in the subchondral
area (Fujii et al., 1999).

This study showed that there was
a very highly significant increase in
S.F. level of CGRP in rheumatoid
arthritis patients when compared to
controls (Table 2, P<0.001) whereas
no significant difference was found
between plasma levels of CGRP in
R.A. patients when compared to con-
trols(Table 2, P>0.05). These results
agree with the results found by
Arnalich et al. (1994) and Hernanz et
al. (1999).

This S.F. increase in the levels of
CGRP can be explained by the hy-
pothesis that certain neuropeptides
particularly CGRP are released at in-
creased concentrations from peripher-
al nerve endings into the joint cavity in

arthritis patients, thus enhancing the
inflammatory and immunological re-
sponses (Arnalich et al., 1994, Her-
nanz et al., 1999).

A more recent study suggested
that CGRP provides a neural regula-
tion of inflammatory responses in pa-
tients with R.A., as it inhibited the pro-
liferation of synovial cells as well as
the production of the proinflammatory
cytokine and matrix metalloproteinase
by R.A. synovial cells at the level of
mRNA expression (Takeba et al.,
1999). Furthermore, they suggested
the possible clinical application of the
neuropeptides.

This study also showed that there
was a very highly significant increase
in the S.F. level of GAGs in R.A.,
(table 2, P<0.001)whereas there was
no increase in the serum level of
GAGs in RA. (table 2, P>0.05) when
compared to S.F. and serum level of
GAGs in controls respectively. These
results agree with the results of Ben-
souyad et al. (1990).

This S.F. increase of GAGs can be
explained by three possibilities. First it
can be the result of increased synthe-
sis and release of R.A. cartilage
GAGs, but this hypothesis needs an
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evidence, as no other studies could
prove it. Second the process which
leads to removal of GAGs from the
joint space is inhibited in patients with
R.A. However, this is not supported
by animal experiments, which showed
that the clearance rate of GAGs from
normal and arthritic S.F. was similar
(half lives of 12 hand 14 h respective-
ly) (Thomas et al., 1987).

The third possibility is that in-
creased S.F. levels of GAGs is due to
increased degradation of cartilage,
which seems the most likely explana-
tion. As animal experiments have
shown that intra-articular injection of
agents, which either inhibit the syn-
thetic capacity of chondrocytes or
their production of degradative en-
zymes, cause a net loss of cartilage
and also increased GAGs concentra-
tion in S.F., at least in the short term
(Pettipher et al., 1986, Dingle et al.,
1987).

This study showed that there is a
positive correlation (r = 0.704,
P<0.01, Table 3) between S.F. levels
of CGRP and GAGs. To our knowl-
edge no other study tried to study this
correlation. However, earlier studies
failed to find a relationship between
joint degradation indicated by in-
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creased S.F. levels of GAGs and im-
munological as well as inflammatory
mediators in R.A. as rheumatoid fac-
tor, polymorphonuclear leucocyte
number, myeloperoxidase concentra-
tion, free radicals and cytokines
(Bensouyad et al., 1990), metallopro-
teinases and plasminogen activators
(Blaser et al., 1996). Only one study
found a correlation between S.F. level
of GAGs and Cad, but they reported
that the explanation for this correla-
tion remains uncertain (Bensouyad et
al., 1990).

As regard the correlation between
S.F. levels of CGRP and GAGs we
suggest that this relation can be ex-
plained if we consider S.F. GAGs
as an indicator of cartilage deg-
radation (Bensouyad et al., 1990)
and S.F. CGRP as a neural regulator
of the pathophysiologic responses
in patients with R.A., because CGRP
can inhibit inflammatory agents at
the level of mRNA expression and
also can inhibit nuclear translocation,
and phosphorylation of the trans-
cription factor cAMP response ele-
ment binding protein in RA synovial
cells as proved by Takeba et al.,
(1999). This explanation makes it
logic that increase of S.F. levels
of GAGs mustfind an increased
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regulation through the increased
levels of neuropeptides especially

CGRP. We think that this is the
most belivable point of view,
taking into  consideration the

earlier studies (Bensouyad et al..
1980, Blaser et al., 1996). which
failed to find relations between
S.F. levels of GAGs with many par-
ameters and others (Bensouyad et
al., 1990) which failed to explain
the single relation which was found
with Cad.

In conclusion we suggest that S.F.
levels of GAGs and CGRP are more
important than their blood levels, and
that the new correlation which was
found between S.F. levels of GAGs
and CGRP can be considered as a
new and specific battery of markers
for R.A. which helps in a most precise
diagnosis and gives a recent line for
clinical application of neuropeptides in

R.A.
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