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Abstract Rheumatoid arthritis is a multisystem disease with
underlying immune mechanisms. Osteoarthritis is a debilitat-
ing, progressive disease of diarthrodial joints associated with
the aging process. Although much is known about the
pathogenesis of rheumatoid arthritis and osteoarthritis, our
understanding of some immunologic changes remains incom-
plete. This study tries to examine the numeric changes in the T
cell subsets and the alterations in the levels of some cytokines
and adhesion molecules in these lesions. To accomplish this
goal, peripheral blood and synovial fluid samples were
obtained from 24 patients with rheumatoid arthritis, 15
patients with osteoarthritis and six healthy controls. The
counts of CD4 + and CD8 + T lymphocytes were examined

using flow cytometry. The levels of some cytokines (TNF-α,
IL1-β, IL-10, and IL-17) and a soluble intercellular adhesion
molecule-1 (sICAM-1) were measured in the sera and
synovial fluids using enzyme linked immunosorbant assay.
We found some variations in the counts of T cell subsets, the
levels of cytokines and sICAM-1 adhesion molecule
between the healthy controls and the patients with arthritis.
High levels of IL-1β, IL-10, IL-17 and TNF-α (in the serum
and synovial fluid) were observed in arthritis compared to
the healthy controls. In rheumatoid arthritis, a high serum
level of sICAM-1 was found compared to its level in the
synovial fluid. A high CD4+/CD8+ T cell ratio was found in
the blood of the patients with rheumatoid arthritis. In
rheumatoid arthritis, the cytokine levels correlated positively
with some clinicopathologic features. To conclude, the
development of rheumatoid arthritis and osteoarthritis is
associated with alteration of the levels of some cytokines.
The assessment of these immunologic changes may have
potential prognostic roles.
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Introduction

Rheumatoid arthritis is a chronic polyarticular disease
associated with significant joint destruction and marked
physical impairment. In this disorder, tissue damage
(synovitis) may result from the activation of the synovial
cells and the accumulation of immune cells which release
several cytokines including interleukin-1 (IL-1β), tumor
necrosis factor-α (TNF- α), IL-8, IL-10 and IL-17 [1–4]. T
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cells and some cytokines can regulate the inflammatory
response and the activity of several connective tissue cells.
In rheumatoid arthritis, this contention is supported by the
presence of altered T cells [1, 2, 4] and T cells that exhibit
the characteristics of macrophages, yet retain their CD3 and
T cell receptor expression [5]. T-cell dependent changes were
reported in the in vitro and animal models of rheumatoid
arthritis [6, 7]. Frye and his colleagues examined the process
of cartilage degradation and invasion in rheumatoid arthritis
(in vitro model). They found that the normal synoviocytes
could be “converted” to a rheumatoid arthritis phenotype by
specific cytokines. Invasion of cartilage matrix was enhanced
by culturing these synoviocytes in the presence of specific
concentrations of IL-1β or TGF-β. Invasion was inhibited
by TNF-α, and unaffected by Platelet derived growth factors.
Also, synovial fluid from rheumatoid arthritis patients
induced invasion of normal synoviocytes while synovial
fluid from another inflammatory arthritis (Crohn’s disease)
did not augment invasion to the same degree. This
“conversion effect” appears to be specific for synoviocytes,
since similar effects were not observed with human skin
fibroblasts [2].

Osteoarthritis is a common joint disease. It is a
degenerative disorder that results from biochemical break-
down of the articular cartilage in the synovial joints. The
degenerative changes in osteoarthritis are mediated by the
lack of balance between the chondrocyte anabolism and
catabolism. Osteoarthritis is thought to be due to excessive
wear and tear in the joints. However, secondary nonspecific
inflammatory changes were also reported in the synovial
membrane of the patients with osteoarthritis [8]. Recent
studies indicate that some cytokines (IL-1β, TNF- α and
IL-17) are involved in the process of cartilage destruction
observed in osteoarthritis [9]. These peptides act by
modulating the expression of the matrix metalloproteinases
and the cartilage extracellular matrices [8, 10, 11].

Interleukin-1β (IL-1β) is an important cytokine synthe-
sized by the macrophages [7, 12]. It can stimulate B cell
growth, activate T cells and induce acute phase protein
production. IL-1β has inflammatory effects on the fibro-
blasts and the endothelial cells [12]. This cytokine can
participate in the pathogenesis of arthritis through the direct
stimulation of the synovial cells and the augmentation of
matrix degradation [13]. In osteoarthritis, the affected
cartilage shows increased expression of IL-1β mRNA,
which is absent in the normal cartilage. In rheumatoid
arthritis the blocking of IL-1β synthesis protects the bones
and the cartilages from progressive destruction [14]. IL-1
can modulate the production of nitric oxide and prosta-
glandin E2. These mediators are undetectable in normal
cartilage. The nitric oxide can prevent matrix synthesis and
enhances its degradation. It also can react with several
oxidants and therefore promotes cellular injury and makes

the chondrocytes more susceptible to cytokines-induced
apoptosis. The prostaglandin E2 exerts catabolic effects on
the chondrocytes [15].

Interleukin-10 (IL-10) is a major anti-inflammatory
cytokine that exerts several immunomodulatory effects on
the immune cells. IL-10 acts primarily by the inhibition of
costimulatory properties of the macrophages. It stimulates
the proliferation and the differentiation of antibody-forming
B-cells [16]. In rheumatoid arthritis, IL-10 is secreted by
B lymphocytes and CD4+ CD45RO+ “memory” T cells
[17]. IL-10 inhibits the production of both proinflammatory
cytokines and chemokine. Interleukin-17 (IL-17) is a
T cell-derived proinflammatory cytokine produced by
the damaged synovium in rheumatoid arthritis. It activates
the production of the inflammatory mediators by the
synoviocytes. The tumor necrosis factor-alpha (TNF-α) is
released by the macrophages, activated T cells and Natural
Killer cells. It can activate both T cells and macrophages.
Moreover, it can induce the production of the acute phase
proteins [18, 19].

Increased levels of some adhesion molecules were closely
linked to the development of endothelial dysfunction in
numerous diseases. Soluble intercellular adhesion molecule-
1 (sICAM-1) is a member of the immunoglobulin supergene
family that exists in the human serum. It is synthesized by the
endothelial and mononuclear cells. A fragment of ICAM-1
found in the circulation (sICAM-1) is thought to be cleaved
from the surface of ICAM-1 expressing cells. This adhesion
molecule plays critical roles in several different inflamma-
tory and immunologic processes [20, 21]. In rheumatoid
arthritis, the level of sICAM-1 is elevated in the serum [22].

This study tries to examine the numeric changes in the T
cell subsets and the alterations in the levels of some cytokines
and adhesion molecules in these lesions. To accomplish this
goal, we examined 24 patients with rheumatoid arthritis, 15
patients with osteoarthritis, and six healthy individuals. The
immunologic alterations (counts of Tcell subsets and cytokine
levels) were evaluated in the synovial fluid and in the serum.
Also, the associations between the clinicopathologic charac-
teristics and immunologic alterations were determined. Some
of these immunologic alterations were checked on an
additional set of patients (40 patients with rheumatoid arthritis
and 10 healthy individuals).

Patients and Methods

Patients and Healthy Controls Twenty-four patients with
rheumatoid arthritis and 15 patients with osteoarthritis were
admitted to the Departments of Rheumatology, Assuit
University Hospitals, Faculty of Medicine, Assuit, Egypt.
All the patients had joint effusion. Also, six healthy
individuals with comparable age and sex were included
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(healthy control group) in the study. Informed consents
were obtained from all the participants. The experimental
design was approved by the Ethics Committee (Faculty of
Medicine). Full history and clinical examination were per-
formed for all the participants. The diagnosis of rheumatoid
arthritis and osteoarthritis was rendered following criteria
set by The American College of Rheumatology [23].

Assessment of Disease Activity The disease activity was
assessed using the multivariate analysis according to Mallya
and Mace [50]. Each patient was assessed by the following
six parameters: two subjective features (the duration of
morning stiffness and severity of pain); two semiobjective
features (the grip strength and joint tenderness) and two
objective features (the ESR and haemoglobin content of
blood). The duration of morning stiffness (grade 1: up to
10 min, grade 2: 11 to 30 min, grade 3: 31 to 120 min and
grade 4: >120 min). Pain scale was represented by a 10 cm
horizontal line marking “worst possible pain” on one end
and “no pain” on the other end. The patient was asked to
represent the severity of pain by putting a dot which was
measured in centimeters, and the severity of pain was graded
as follows: grade 1, 0.0–2.4 cm; grade 2: 2.5–4.4 cm; grade
3, 4.5–6.4 cm and grade 4, 6.5–10.0 cm. Grip strength was
evaluated using the sphygmomanometer cuff inflated to
20 mmHg. Three trials were done for each hand and the
mean of the six readings was graded as follows: grade 1,
>200 mmHg; grade 2, 50–200 mmHg; grade 3, 20–49 mmHg
and grade 4, <20 mmHg. The joint tenderness was assessed
according to Ritchie Articular Index into: score 0=the patient
has no tenderness; score 1=the patient complains of pain;
score 2=the patient complains of pain and winces; score 3=
the patient complains of pain, winces and withdraws. The
joint tenderness score was recorded for each of the following
joints: the cervical spine, sternoclavicular, acromioclavicular,
shoulder, elbow, wrist, metacarpophalangeal, proximal inter-
phalangeal, hip, ankle, talocalcaneal, midtarsal, and meta-
tarsophalangeal joints. Tenderness of all the above joints
were elicited by firm pressure over the joint margin with the
exception of the cervical spine, hip joint, talocalcaneal and
midtarsal joints, where tenderness was elicited by passive
movement of the joint. The articular index was graded into:
grade 1, 0; grade 2, 1–7; grade 3, 8–17 and grade 4, ≥18.
ESR was determined using the Westergren method. ESR was
graded according to Mallya and Mace [50] into: grade 1,
0–20 mm/h, grade 2, 21–45 mm/h, grade 3, 46–80 mm/h and
grade 4, >80 mm/h. The haemoglobin (hb) was determined
using the coulter counter, Hb content of blood was graded
according to Mallya and Mace into: grade 1, >14.0 gm/dl;
grade 2, 14.0–13.0 gm/dl; grade 3, 12.9–10.0 gm/dl and
grade 4, <10 gm/dl. The scores for these parameters
(duration of morning stiffness, severity of pain, grip strength,
joint tenderness, ESR and Hb) were summed up together,

and the resultant was divided by six to obtain the index of
disease activity (IDA) which again was graded into four
grades called the mean disease grading activity (MDGA) as
follows: grade I (MGDA), 1.0–1.4 (IDA); grade II (MDGA),
1.5–2.4 (IDA); grade III (MDGA), 2.5–3.4 (IDA) and grade
IV (MDGA), 3.5–4.0 (IDA) [23].

Serum and Synovial Fluid Samples Blood samples were
obtained from the patients and healthy controls. The
samples were collected in plain test tubes to undergo
clotting. After centrifugation, sera were collected and stored
at −20°C till analyzed. The synovial fluid samples were
collected under complete aseptic conditions from the knee
joints (arthrocentesis). The samples were stored in capped
tubes containing EDTA, centrifuged and the supernatants
were separated and stored at −20°C. Samples were only
thawed on the day of analysis for the assessment of the
levels of rheumatoid factor (RF), C-reactive protein (CRP),
antinuclear antibodies (ANA), TNF-α, IL-1β, IL-17, IL-10
and sICAM-1

Assessment of the Laboratory Changes All the participants
were evaluated for the blood counts, erythrocytic sedimen-
tation rate, rheumatoid factor, C-Reactive Protein and
Antinuclear antibodies. The erythrocytic sedimentation rate
was determined by Westergreen method using 2-ml citrated
blood samples. The first and second hour readings were
taken for each sample. The values of C-reactive protein
were measured using SAS-CRP-Latex test. It is a rapid
latex agglutination test for the qualitative determination of
C-reactive Protein in human serum. This test depends on
the detection of the immunologic reaction between C-
reactive protein as an antigen and the corresponding
antibody coated on the surface of biologically inert latex
particles. The rheumatoid factor was determined using SAS
RF-Latex test. It is a rapid agglutination test for the
qualitative determination of RF in human serum. Detection
of Antinuclear antibodies was done using indirect immuno-
fluorescence (Dia Sorine). The Quantaflour fluorescent
antibody test is an indirect fluorescent antibody procedure
that is used for the detection and semiquantitation of human
autoantibodies.

Evaluation of CD4+ and CD8+ T cells in the peripheral
blood and synovial fluid: Five milliliters of the synovial
fluid (patients) and peripheral blood (patients and healthy
controls) were obtained in heparinized tubes. The mono-
nuclear cells were isolated on a high density gradient
separation medium (Ficoll Hypaque). The cells were
washed twice in phosphate buffered saline (PBS) at
400×g for 4 min. They were incubated with FITC-
conjugated anti-CD8 mAb (Dako-Cytomation M 0707),
and PE conjugated anti-CD4 mAb (Dako-Cytomation M
0716) for 30 min at 4°C. The cells were washed twice in
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PBS with 2% albumin at 400×g for 4 min, and then
suspended into 300 μl PBS. The purity of T lymphocyte was
assessed by flow cytometry (PAS – II Dako-Cytomation).
Immunophenotyping of T cell subsets was done to determine
the counts of CD4+ and CD8+ cells.

Measurement of IL-1β, IL-10, IL-17, TNF-α, and sICAM
Levels in the Serum and Synovial Fluid Ten ml of the
synovial fluid (patients) were immediately centrifuged at
3,000 rpm for 20 min at 4°C and the supernatants were
stored at −70°C. The serum and synovial fluid levels of
IL-1β, IL-10, IL-17, TNF-α were measured. The solid
phase high sensitive enzyme linked immunosorbant
assay (ELISA) and amplified sensitive EAISA kits
(Cat. no. KAC1751, KAC1321, kAC1592 and
KSC3011 Biosource Europe, S.A., Nivelles, Belgium)
were used following other groups [24]. The Endogen
(USA) human IL-10 ELISA (an in vitro ELISA) was used
for the quantitative measurement of human IL-10 in the
serum and synovial fluid. This ELISA does not cross react
with human; IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-6, IL-7,
IL-8, IFN-γ, IFN-α, TNF-α and TNF-β. Measurement of
sICAM-1 in serum and synovial fluid was done using the
Cellfree soluble ICAM-1 (CD54) ELISA (Endogen, USA)
which is an enzyme-linked immunosorbent assay for the
quantitative measurement of human sICAM-1 (CD54) in
serum and SF.

Statistical analysis: Statistical tests were done using
SPSS software. Statistical analysis was done using Analysis
of variance (ANOVA). The results were presented as mean ±
standard deviation (SD). A p value <0.05 was considered
statistically significant. Spearman’s rank test and Mann–
Whitney U test were used to determine correlation levels.
“r” values (0.0 to 0.2) were regarded as indicating no
correlation while “r” values of 0.20 to 0.40 indicate the
presence of correlation. The minimum level of significance
was set at a p value of <0.05.

Results

Clinicopathologic Features of Rheumatoid Arthritis and
Osteoarthritis The mean age was high in osteoarthritis
compared to rheumatoid arthritis. A statistically significant
female sex predilection was observed in rheumatoid
arthritis and osteoarthritis. The duration of the disease
processes was longer in rheumatoid arthritis than in
osteoarthritis. In rheumatoid arthritis positive rheumatoid
factor and C-reactive protein were observed in 67% and
87% of the patients, respectively. A summary of the
clinicopathologic features of rheumatoid arthritis and
osteoarthritis are shown in Table 1.

Altered levels of IL-1β, IL-10, TNF-α, IL-17,
sICAM-1 in the serum and synovial fluid in the
rheumatoid arthritis and osteoarthritis: The serum samples
from patients with rheumatoid arthritis and osteoarthritis
had a statistically significant high levels of some
cytokines (pg/ml) compared to the healthy controls ( p<
0.05). The synovial fluid samples from patients with
rheumatoid arthritis had statistically significantly high
cytokine levels (pg/ml) compared to osteoarthritis. There
were statistically significantly high IL-10, and sICAM
levels (pg/ml) in the serum of the rheumatoid arthritis
patients relative to the healthy controls. Serum IL-17 value
was statistically significantly high in the rheumatoid
arthritis compared to healthy controls (p<0.05). Synovial
IL-7 value was high in rheumatoid arthritis compared to
osteoarthritis ( p<0.05). A summary of these results is
shown in Table 2.

A High CD4+/CD8+ T Cell Ratio in the Blood of the
Patients with Rheumatoid Arthritis The blood from the
healthy controls, patients with rheumatoid arthritis and
osteoarthritis had a relatively similar cell counts. However,
the CD4+/CD8+ ratio was high in rheumatoid arthritis and
osteoarthritis compared to the healthy controls. The differ-
ences between patients with rheumatoid arthritis and the
healthy controls reached the levels of statistical significance
(<0.05). The differences between osteoarthritis and healthy
controls did not reach the level of statistical significance. A
summary of these results is shown in Table 2.

Correlation Between the Immunological Alterations and the
Clinical Features in Rheumatoid Arthritis In rheumatoid
arthritis patients, there was a statistically significant positive
correlation between the counts of CD4+ cells and the levels
of serum TNF-α (p<0.04). Similarly, a statistically signif-
icant positive correlation was observed between the levels
of TNF-α in the synovial fluid and some clinicopathologic
changes (disease activity: p<0.05, articular index: p<0.05
and T cell counts: p<0.05). There was significant ( p<0.05)
positive correlation between sICAM-1 (serum and synovial
fluid) and the following parameters: mean disease grading
activity, C-reactive protein, and rheumatoid factor levels.
Similarly, significant positive correlations were observed
between serum IL-10 and the mean disease grading activity
( p<0.05) as well as between the synovial fluid IL-10 and
the level of rheumatoid factor ( p<0.05). A positive corre-
lation was observed between sICAM-1 (synovial fluid) and
the level of IL-10 (synovial fluid) ( p<0.05). The synovial
fluid IL-10 levels negatively correlated with synovial
fluid sICAM-1 ( p<0.05). A summary of these results was
shown in Table 3. Some of the immunologic alterations
(Rheumatoid factor, C-reactive proteins, IL-10, TNF-α and
sICAM-1) were checked on an additional set of patients

324 M.R. Hussein et al.



(40 patients with rheumatoid arthritis and 10 healthy
individuals) with similar results.

Discussion

Several studies have examined the association between the
status of T cell subsets, cytokines and the clinicopathologic
features of rheumatoid arthritis and osteoarthritis. However,
available reports that bear directly on the correlation between
the immunologic alterations in the blood and synovial fluid
in rheumatoid arthritis are few. This study tries to address
these issues. It demonstrates several observations. There

were high levels of serum and synovial fluid IL-1β, IL-10,
IL-17 and TNF-α in rheumatoid arthritis and osteoarthritis.
A high CD4+/CD8+ T cell ratio was observed in the blood
of the patients, especially those with rheumatoid arthritis,
compared to healthy controls. The presence of T cell
subsets in the local milieu of the synovial fluid suggests
that these cells contribute to the development of the tissue
damage associated with synovitis. In rheumatoid arthritis
there was a positive correlation between the disease activity
and some immunologic changes. The rheumatoid arthritis
was more common in females than in males. This may be
due to an underlying genetic predisposition i.e. association
with HLA locus [25]. The high level of C-reactive protein

Table 2 Alterations of T cell
subsets and cytokines in
rheumatoid arthritis
and osteoarthritis

Aspects Osteoarthritis
(n=15)

Rheumatoid arthritis
(n=24)

Healthy controls
(n=6)

CD4+ T cells in the peripheral blood 58.0±1.1 58.5±1.0 54.3±3.1
CD8+ T cells in the peripheral blood 25.9±1.1 26.4±1.3 28.9±9.3
CD4+/CD8+ T cells in the peripheral blood 2.2±0.4 3.4±1.0 1.8±0.8
TNF-α in the serum (pg/ml) 25.8±2.3 218.8±745 21.0±5.4
IL-1 β in the serum (pg/ml) 18.5±1.6 17.8±1.3 9.2±6. 2
IL-17 in the serum (pg/ml) 0.07±0.0 02±01 001±00
IL-10 in the serum (pg/ml) − 723.8±642.9 2.3±5.2
sICAM-1 in the serum (ng/ml) − 848.7±281.9 358.9±144.9
CD4+ T cells in the synovial fluid 53.9±1.2 55.8±1.0 −
CD8+ T cells in the synovial fluid 29.1±1.0 28.8±1.1 −
CD4+/CD8+ T cells in the synovial fluid 1.8:1.0 1.9:1.0 −
TNF-α in the synovial fluid (pg/ml) 105.6±10.2 245.2±22.2 −
IL-1 β in the synovial fluid (pg/ml) 14.3±1.3 26.9±4.1 −
IL-17 in the synovial fluid (pg/ml) 0.5±0.2 6.4±23 −
IL-10 in the synovial fluid (pg/ml) − 3,529.1±3,232.7 −
sICAM-1 in the synovial fluid (ng/ml) − 545.8±311.4 −

Table 1 The clinical features
of rheumatoid arthritis,
osteoarthritis and the
healthy controls

Aspects Osteoarthritis
(n=15)

Rheumatoid arthritis
(n=24)

Healthy controls
(n=6)

Age (years) 51.1±2.0 34.3±1. 7 33.0±7.2
Sex (Female: Male) 2:1 23:1 5:1
Duration of the disease (years) 1.4±0. 5 5.1±0.6 –
Erythrocytic sedimentation rate SR
First hour (mm/h) 33.9±2.8 62.3±6.8 08.5±5.1
Second hour (mm/h) 50.6±4.3 89±6.4 13. 3±20.1
Positive rheumatoid factor (IU/ml) 0.00 117.05±72.0 0.00
Antinuclear antibodies screening
Homogeneous – 20% –
Speckled – 10% –
Rim – 2.5% –
Positive C-reactive protein (mg/l) 0.00 26.7±27.5 0.00
Hematological changes
Hemoglobin (gm/dl) 12.3±0.3 10.92±1.3 12.0±1.1
WBC (103/μl) 6.0±0.4 9.7±0.6 5.6±1.5
RBC (106/μl) 4.5±0.1 4.1±0.1 4.5±0.9
Hematocrit value 35.5±1.6 31.7±0.9 39.2±2.2
Mean corpuscular volume (l) 83.0±0.7 75.8±1.6 86±3.7
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in rheumatoid arthritis may be due to the increased
production of TNF-α, which can stimulate the synthesis
of this protein by the hepatocytes. The high level of the
Rheumatoid factor may reflect the underlying endothelial
dysfunction and the ongoing autoimmune response [24].

Altered Levels of Serum and Synovial Fluid IL-1β, IL-10,
IL-17, TNF-α and sICAM-1 in Rheumatoid Arthritis and
Osteoarthritis The high levels of IL-1β, IL-10, IL-17 and
TNF-α in the sera of the patients with arthritis compared to the
healthy controls concur with previous studies [7, 8, 26, 27]
and may be reasoned to the recruitment of cytokines
producing cells (macrophages and T lymphocytes) to the
peripheral blood and the synovial membranes of the affected
joints [8, 28]. Our findings suggest that IL-1β, IL-10, IL-17
and TNF-α are involved in the pathogenesis of rheumatoid
arthritis and osteoarthritis. This contention is supported by
several observations. Interleukins IL-1β, IL-17 and TNF-α
can modulate the inflammatory process in the synovium in
several ways [28]. Interleukin-17 (IL-17) can activate the
transcription factor (NF-kappa B) in the synovial fibroblasts
and the endothelial cells to secrete IL-6, IL-8, and prosta-
glandin E2 [29, 30]. Khalkhali-Ellis et al examined the effect
of synovial fluid from patients with juvenile rheumatoid
arthritis on the proliferation and induction of degradative and
invasive phenotype in normal synovial fibroblasts. Their
results indicated that the proliferation of normal synovial
fibroblasts exposed to synovial fluid (cultured synovial cells)
of patients with juvenile rheumatoid arthritis was up to three
times greater than untreated controls [31].

Relatively comparable CD4+ and CD8+ T cells counts
were observed in the peripheral blood and the synovial
fluid of the patients with arthritis. However, there were high
levels of TNF-α, IL-10 and IL-17 in the synovial fluid

relative to levels in the serum. These findings may be due
to the fact that T cells (IL-17 producing cells) and the
monocytes (IL-1β and TNF producing cells) infiltrating the
damaged synovium are more active than their serum
counterparts. However, monocytes/macrophages in the
synovial fluid versus peripheral blood were not compared
in this study, so it is still possible that an elevated number
of these cells could contribute to the observed differences in
cytokine levels. In rheumatoid arthritis and osteoarthritis, it
is possible that some cells (other than T cells and macro-
phages) residing in the synovium can effectively share to
the production of IL-1β, IL-10, IL-17 and TNF-α. In
support, the synovial cell and T lymphocytes producing IL-
17 can activate mesenchymal cells (chondrocytes and
fibroblasts) leading to an increased proinflammatory pattern
sensitive to Th2 cytokines regulation [26]. IL-10 is an
immunoregulatory cytokine secreted by the activated T
cells, monocytes and B cells. The influence of IL-10 could
account for many of the functional changes of T cells,
monocytes, macrophages and B cells infiltrating the
rheumatoid synovium [32].

High Serum Level of sICAM-1 Compared to its Level in the
Synovial Fluid In rheumatoid arthritis, we found a high
serum level of sICAM-1compared to its level in the
synovial fluid. This may be reasoned to the fact that
ICAM-1 arise from several cells outside the synovium such
as the vascular endothelial cells, activated lymphocytes,
hepatocytes and smooth muscle cells [33–36].These cells
must be acknowledged when considering a significant
elevation of sICAM-1 levels. Several studies have indicated
that the shedding of sICAM-1 in-vitro is augmented by
some cytokines such as TNF-α, IL-1 and IFN-α [37, 38].
Since the rheumatoid arthritis patients in our study had
increased serum levels of TNF-α; the elevated sICAM-1
levels may be a consequence of chronic systemic exposure
to elevated levels of TNF-α.

A High CD4+/CD8+ T Cell Ratio in the Blood of the
Patients with Rheumatoid Arthritis The high CD4+/CD8+

ratio in the peripheral blood of the patients with rheumatoid
arthritis and osteoarthritis relative to the healthy controls
are in agreement with other groups [39–44]. However, only
these variations between rheumatoid arthritis and healthy
controls were statistically significant. The increased CD4+/
CD8+ ratio in the blood may be reasoned to the recruitment
of increased numbers of CD4+ cells relative to CD8+ T cell.
The increased CD4+ cells and decreased CD4+/CD8+ ratio
in the synovial fluid of the patients with arthritis compared
to the blood values concurs with previous studies [45–49].

Correlation Between Cytokine Levels and the Clinicopatho-
logic Features in Rheumatoid Arthritis In rheumatoid arthri-

Table 3 Correlation between cytokines production, T cell subsets and
clinical features in rheumatoid arthritis

Aspects p-values

Articular indeed vs. TNF-α (synovial fluid) <0.05
Disease activity vs. TNF-α (synovial fluid) <0.05
Number of T cells vs. TNF-α (synovial fluid) <0.05
CD8+ vs. IL-1 β (synovial fluid) <0.04
CD4+ vs. TNF-α (serum) <0.04
TNF-α (serum) vs. TNF-α (synovial fluid) <0.02
sICAM-1(serum and synovial fluid) vs. mean
disease grading activity

<0.05

sICAM-1(serum and synovial fluid) vs., C-reactive
protein

<0.05

sICAM-1(serum and synovial fluid) vs. rheumatoid
factor

<0.05

IL-10 (serum) vs. mean disease grading activity <0.05
IL-10 (synovial fluid) vs. rheumatoid factor <0.05
sICAM-1 (synovial fluid) vs. IL-10 (synovial fluid) <0.05
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tis, there was a significant direct correlation between the
disease activity and some immunologic changes (cytokine
levels and CD8+ T cell counts in the synovial fluid). These
findings suggest that the evaluation of these molecules may
be a useful adjunct in the clinical assessment of the disease
activity and their future outcome. The ability of synovial
fluid and serum examination to correctly correlates alter-
ation in cytokines and T cells further highlight its value in
the detection of ongoing joint lesions, monitoring its course
and choosing the appropriate therapy. Similarly, the
correlation between sICAM-1 levels and various clinical
and laboratory parameters of disease activity encourage the
clinical application of sICAM-1 determinations as a gauge
of clinical activity in rheumatoid arthritis.

Here we report alterations of T cell subsets, high levels
of key cytokines and S-ICAM-1 in rheumatoid arthritis and
osteoarthritis relative to healthy controls. These preliminary
findings suggest that the destructive joint events in these
pathologies seem to be perpetuated by complex cytokines
interactions. The interaction among these cytokines could
sustain inflammatory processes within the joint and amplify
the involvement of T cells in the pathogenesis of these
lesions. Some of these alterations correlate with the
clinicopathologic characteristics of these lesions and there-
fore may be useful in monitoring the disease activity.
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