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Abstract
Objective
To determine the relationship between serum G-CSF, RA disease activity and the levels of inflammatory cytokines.

Methods
Sxty-one patients (5 men and 56 women; mean age; 56.1 + 11.4 [+ SD] years, range, 22-70 years) who were
selected at random and met the American College of Rheumatology criteria for RA were examined. Granulocyte-
colony stimulating factor (G-CSF) levelsin sera and synovial fluid were measured by solid-phase radio-
immunoassay (RIA). We also measured various indices of RA disease activity and serumlevels of IL-1f, IL-6
and TNF-a by ELISA.

Results
The morning stiffness, number of tender or swollen joints, ESR, Lansbury index and serum G-CSF levelsin patients
with active RA were significantly higher than the corresponding levels in patients with inactive RA. Serum G-CSF
levels correlated significantly with morning stiffness, the number of tender or swollen joints and the Lansbury index.
However, there was no correlation between serum G-CSF and ESR. High levels of I1L-1f, IL-6 and TNF-o were
detected in RA patients. The number of tender or swollen joints, ESR, Lansbury index, and IL-1f were significantly
higher in G-CSF-positive RA patients than in G-CSF-negative RA patients.

Conclusion
Our results suggest that G-CSF produced by synovial cells stimulated by inflammatory cytokines might contribute to
inflammatory arthritisin RA patients.
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Introduction

Colony-stimulating factors regul ate the
survival, proliferation, and differentia-
tion of hematopoietic progenitor cells
into mature cells (1). Two such CSFsare
granulocyte CSF (G-CSF), which medi-
ates the clonal proliferation and differ-
entiation of progenitorsinto granulo-
cytes, and granulocyte-macrophage-CSF
(GM-CSF), which generates granul o-
cytes and macrophages from progenitor
cellsby asimilar process. CSFs can also
act on mature hematopoietic cells, sug-
gesting that it may play arolein immu-
nity andinflammatory processes (1). Fur-
thermore, G-CSF enhances the antibody-
dependent cytotoxicity (2), neutrophil
oxidative metabolism (3), and phagocy-
tosis of microorganisms by neutrophils
3.

Patients with rheumatoid arthritis (RA)
exhibit several abnormalities of theim-
munoregulatory system. For example,
high concentrations of cytokines are
present in the affected joints and peri-
pheral blood, and the levels of some of
these cytokines correlate with the clini-
cal activity of RA (4). On the other hand,
activated synovial fibroblast-like cells
are thought to contribute to the invasive
and erosive properties of the inflamed
synovium of rheumatoid lesions (5).
They have been shownin vitroto be ac-
tivated by cytokines, such as interleukin-
1 (IL-1), to produce a number of puta-
tive mediators of inflammation and tis-
sue destruction, such as plasminogen act-
ivator (6), collagenase (7) IL-6 (8), and
prostaglandin E, (PGEy) (5, 6).
Previous studies have demonstrated that
synovial fibroblast-like cells produce G-
CSF in responseto IL-1 and tumor ne-
crosis factor (TNF)-a with synergistic
interactions being observed between cy-
tokines (9); chondrocytes and cartilage
tissue also respond to IL-1 and to a com-
bination of IL-1 and TNF-a to produce
G-CSF (10). However, it has not been
possible in the past to correlate G-CSF
levels in vitro with clinical disease ac-
tivity in patients with RA.

In the present study, we determined the
relationship between serum levels of G-
CSF and disease activity in RA, aswell
asthelevels of variousinflammatory cy-
tokines.
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Materials and methods

Subjects

We studied 61 patients (5 men and 56
women; mean age 56.1+11.4 (+SD) yrs,,
range 22-70 yrs.) who met the criteria of
the American College of Rheumatology
for RA (10). They were selected at ran-
dom from patients attending the outpa-
tient clinic of the Department of Inter-
nal Medicine at Sasebo Chuo Hospital,
Sasebo. At the time of the study, al pa-
tients were taking non-steroidal anti-in-
flammatory drugs (NSAIDs) and also
disease modifying anti-rheumatic drugs
(DMARDS). Theseincluded D-penicilla
mine, bucillamine, auranofin, sulfasala-
zopyridine, methotrexate and tiopronin.
The doses of these DMARDs were 300
mg, 200 mg, 6 mg, 1000 mg, 5 mg and
200 mg, respectively. Each patient con-
tinued to receive one of these DMARDs
during the study, and their administra-
tion and dosage were held constant dur-
ing the study.

In addition, we administered NSAIDs
and DMARDs; 2 RA patients had to re-
ceive prednisolone because of active dis-
ease. |n addition, 2 patients were receiv-
ing prednisolone at a daily dose of 2.5
and 5 mg, respectively. Ten age- and sex-
matched healthy subjects served as con-
trols (mean age 56.5+11.6 (+SD), range
37-68 years). The study protocol was
approved by the Human Ethics Review
Committees of the participating institu-
tions and signed consent was obtained
from each subject.

Blood samples were obtained from all
subjects and allowed to clot for 2 hours
at room temperature before centrifuga-
tion. Serum samples were stored at -80°C
until use. Synovial fluid samples (SF)
were obtained from 10 RA patients dur-
ing therapeutic joint aspiration. Paired
samples of peripheral blood and SF were
also simultaneously obtained during
joint aspiration.

Measurement of disease activity

RA disease activity was assessed by the
duration of morning stiffness (in min),
the number of tender or swollen joints,
the Westergren erythrocyte sedimenta-
tion rate (ESR, in mm/hr) and amodified
Lansbury index (12). Active RA was de-
fined as the presence of at least 3 of the
following 4 criteria: number of tender
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joints3 9, number of swollenjoints3 6,
ESR 3 28 and morning stiffness 3 45
min. The Lansbury index was estimated
based on 4 variables (ESR, morning stiff-
ness, grip strength and joint score). Dis-
ease activity was assessed by an investi-
gator who was blind to serum G-CSF
levels.

G-CSF radioimmunoassay

G-CSF concentrations in synovial cell
supernatants were measured by a solid-
phase radioimmunoassay (RIA). This
was performed in strips of flat-bottomed
wells (Immulon-2, Dynatech L aborato-
ries, Alexandria, VA), which had been
coated with the IgG fraction of rabbit
anti-G-CSF antibody, and blocked with
BSA. Triplicate wells of samples and G-
CSF standard were incubated for 5 hours
before the addition of monoclonal anti-
G-CSF (75A) for afurther overnight in-
cubation. Binding of antibody was de-
tected by the addition of 251-rabbit anti-
mouse 1gG (NEN/Dupont, Boston, MA)
for 2 hours. Measurement of radioactiv-
ity was made using a gamma-counter,
with a sensitivity of 0.5 ng/mL G-CSF.

Measurement of cytokine
concentrations

Aliquots of serum and SF were frozen
at -80°C until assayed. Cytokine concen-
trations were determined according to
the instructions provided by the manu-
facturers of the commercially available
enzyme linked immunosorbent assay
(ELISA) kits used. Ten kits were ob-
tained from the following manufactur-
ers. IL-1b and TNF-a from Otsuka Phar-
maceutical Co. (Tokyo, Japan) and IL-6
from Genzyme Corporation (Boston,
MA). The lower limitsfor detection were
20 pg/ml for IL-1b, IL-6 and TNF-a.

Satigtical analysis

All datawere expressed as means + SD.
Differences between groups were exam-
ined for statistical significance using the
Student’ st-test or paired t-test. A Pvalue
less than 0.05 denoted the presence of a
statistically significant difference.

Results

RA disease activity

Twenty-nine patients with active RA and
32 patients with inactive RA were in-

cluded in the study. The characteristics
of the two groups are summarized in
Tablel. There was no tatistically signi-
ficant difference between the two groups
in age and disease duration. On the other
hand, morning stiffness, the number of
tender or swollen joints, the ESR and the
Lansbury index in the active RA group
were significantly higher thaninthein-
active RA group.

Serum G-CSF and inflammatory
cytokine levels

Table Il shows the serum concentrations
of G-CSF and inflammatory cytokines
in patients with active and inactive RA
and healthy subjects. We measured se-
rum G-CSF concentrations in normal
subjects with their informed consent.
None of the control subjects had high
levels of serum G-CSF or cytokines; all
levels were at or below the sensitivity
limit of each assay. There were no signi-
ficant differences among the two groups
of RA patients with regard to serum IL-
1b, IL-6 or TNF-a. However, serum G-
CSF in the active RA group was signifi-

cantly higher than in the inactive RA
group (p < 0.05).

Serum and synovial fluid G-CSF
levelsin RA

Next, we measured G-CSF concentra-
tionsin 10 paired serum and SF samples
from RA patients (Fig.1). These RA pa
tients were regarded as having active di-
sease according to the definition in the
Materias and Methods section. G-CSF
valuesin the SF of 3 patients were higher
compared to the corresponding serum
levels, but were almost similar in the re-
maining 7 samples. Furthermore, the
mean G-CSF level in the SF for the
whole group had a high tendency com-
pared to that in the peripheral blood.

Relationship between disease activity
and serum G-CSF levels

RA disease activity was assessed by the
duration of morning stiffness, the num-
ber of tender or swollen joints, the ESR
and the Lansbury index. As shown in
Figure 2, serum G-CSF levels correlated
significantly with the index of morning

Tablel. Characteristics of the study populations (values are expressed as means + SD).

RA patients Active Inactive
Number 29 32

Age (years) 56.8+ 14.6 575+ 157
Sex (M/ F) 2/127 3/29

Disease duration (months) 965+ 72.8 120.3+111.3
Morning stiffness (min.) 84.8 + 45.4* 119+ 138
No. of tender or swollen joints 19.7 + 12.0* 44+41
ESR (mm/h) 65.0 + 40.0** 33.1+20.0
Lansbury Index (%) 62.8 + 20.0* 26.4+10.0

The Lansbury Index was cal culated based on 4 variables (ESR, morning stiffness, grip strength and joint
score). *p < 0.0001, compared to patients with inactive RA; **p < 0.0002, compared to patients with

inactive RA.

Tablell. Serum G-CSF and inflammatory cytokines from patients with active or inactive RA
and healthy subjects (data are expressed as means + SD pg/ml).

Active RA Inactive RA Healthy subjects
n 29 32 20
G-CSF 2,365.7 + 772.5* 484.3+ 310.8 1035+ 61.2%*
IL-1b 1236+ 41.4 70.2+30.1 21.3+ 8.9%*
IL-6 156.4 £ 29.6 110.7+£5.6 110.4 £ 36.5%*
TNF-a 663.4 + 285 378.9+ 165 235+ 4.6**

* p < 0.05 compared to patients with inactive RA;

** p < 0.01 compared to active or inactive RA.
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Amounts of G-CSF in Scra and Synovial
Fluid from Patients with RA
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Fig. 1. Concentrations of G-CSF in 10 paired

o
cc sera and synovial fluid (SF) samples from pa-
& tientswith RA. Note the high concentrations of

G-CSFin peripheral blood (PB) and SF samples.
The errors bars show the means + standard error
(SE) for each group. Concentrations in the PB
and SF were 1,931 + 901 and 3,234 + 1358, re-
specktively. There was no significant difference
0 between the PB and SF (p = 0.11 calculated by
PB SF Student’ st-test).
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Fig. 2. Relationship between indices of disease activity and serum G-CSF levelsin patients with RA.
(A) Correlation between serum G-CSF levels and morning stiffness; (B) correlation between serum G-
CSF levels and the number of tender or swollen joints; (C) correlation between serum G-CSF levels and
the Lansbury index.

Tablelll. Comparison of RA disease activity in the sera of G-CSF-positive and G-CSF-
negative groups (values are expressed as means + SD).

Indices Positive (n = 18) Negative (n = 42)
Morning stiffness (min.) 61.1+123 412+7.3
No. of tender/swollen joints 16.7 + 3.6* 9.7+14
ESR (mm/h) 63.8+ 10.7¢ 420+4.2
Lansbury Index (%) 53.7+6.2* 40.0+ 34
IL-1b (pg/ml) 2142 £ 72.3** 465+ 14.8
IL-6 (pg/ml) 158+ 441 122.3+9.7
TNF-a (pg/ml) 934.1+ 423 3459+ 142.3

*p < 0.05 compared to patients with G-CSF-negative RA; **p < 0.005 compared to patients with G-
CSF-negative RA.
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stiffness, and the number of tender or
swollen joints. However, there was no
correlation between serum G-CSF and
ESR (data not shown). Furthermore, se-
rum G-CSF levels correlated signifi-
cantly with RA disease activity as ex-
pressed by the Lansbury index (Fig. 2).

Serum G-CSF and inflammatory
cytokinesin RA patients and controls
High G-CSF concentrations were de-
tected in 18 of the 61 RA patients. The
mean serum G-CSF level in 61 patients
with RA (1,379 £ 416 pg/ml) was sig-
nificantly higher than in 20 healthy sub-
jects. There was no relationship between
serum G-CSF levels and therapy with
any particular agent, but the use of vari-
ous anti-rheumatic drugs by these pa-
tients precluded confident analysis (data
not shown). On the other hand, IL-1b
was detected in 22, IL-6 in 11 and TNF-
a in 37 of the 61 serum samples from
RA patients (95.6 + 25.3 pg/ml, 132 +
14.6 pg/ml and 514 + 161 pg/ml, respec-
tively).

We also analyzed the data based on the
presence of high versus normal levels of
serum G-CSF levelsin RA patients. Ta
ble 1l shows differencesin various clini-
cal indices and serum cytokine levelsin
G-CSF-positive and -negative patients
with RA. The number of tender or swol-
len joints, ESR, Lansbury index, and IL-
1b in G-CSF-positive group were sig-
nificantly higher than the corresponding
valuesin G-CSF-negative group (Table
[11). However, there was no significant
difference in the other clinical indices
between the 2 groups.

Correlation between serum G-CS-

and inflammatory cytokinesin RA

We also examined the correlation be-
tween serum G-CSF and IL-1b, 1L-6 and
TNF-a levelsin patients with RA. As
shown in Figure 3, serum G-CSF levels
correlated significantly with IL-1b and
TNF-a. However, there was no correla
tion between serum G-CSF and serum
IL-6 levels (r = 0.505, NS).

Discussion

Previous studies have suggested that G-
CSFin synovial tissues may play arole
in RA disease activity by activating neu-
trophils present in the synovial fluid of
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Fig. 3. Relationship between serum G-CSF and inflammatory cytokine levelsin RA patients. (A)
Correlation between serum G-CSF levels and IL-1b; (B) correlation between serum G-CSF levels and

TNF-a.

RA patients (3). CSF production by vari-
ous cells, such as fibroblasts, endothe-
lial cells and monocytes (13-15), must
be tightly regulated in vivo to induce
rapid changes in leukocyte numbers, but
also possibly to limit the magnitude of
the inflammatory response and to pre-
vent tissue damage (16).

Most studies investigating the actions of
cytokines on synovial cells have anal-
yzed those of individual cytokines. How-
ever, given that a number of cytokines
have been detected in the rheumatoid
synovium (17,18), it islikely that these
cytokines would act in concert on joint
cells, such as synovial cells. Thereisa
general agreement that cytokines play an
important role in the pathogenesis of RA,
especialy with regard to IL-1, which ex-
erts awide variety of biological activi-
ties, such as its stimulating effects on
fibroblast proliferation, bone resorption,
acute phase reactants, PGE, production
and collagenase production, and its de-
structive effect on chondrocytes (19). A
correlation between plasma lL-1b lev-
elsand RA activity has also been report-
ed (20). TNF-a has asimilar biological
activity to IL-1 and has been implicated
in RA pathogenesis, as well (21-23).

In the present study, we examined the
effects of several cytokines present in
rheumatoid lesions on CSF production.
Our results showed that only IL-1b and
TNF-a were active; in other words, there
seems to be some specificity in the con-
trol of synoviocyte CSF synthesis by cy-
tokines. PDGF, for example, which is
mitogenic for synoviocytes (24), cannot
activate these cells to produce CSF.
Synovial cellstherefore can be included
in the list of cell types (which includes

other cells of mesenchymal origin) that
can respond to IL-1 and TNF-a by in-
creasing G-CSF production.

When our RA patients were divided into
two groups based on the presence or ab-
sence of G-CSF, significant differences
between the RA patients became appar-
ent. The number of tender or swollen
joints, the ESR, the value of Lansbury
index, and serum IL-1b concentrations
in G-CSF-positive RA patients were sig-
nificantly higher than in G-CSF-negative
RA patients. These results strongly sug-
gest that high G-CSF activity might con-
tribute to the active inflammatory dis-
ease process in RA patients.

Previous studies have indicated that in
juvenile rheumatoid arthritisthereisa
poor relationship between ESR levels
and clinical activity (25). In contrast,
serial analysis of serum concentrations
of G-CSF during the clinical course of
RA indicated that serum levels of this
factor might be a useful marker of ab-
normal immune activation in RA (26).
Thus our results, together with those of
previous studies, suggest that the deter-
mination of G-CSF may help to identify
those patients in whom active therapy
should be considered, and could be use-
ful for monitoring the response to treat-
ment. Furthermore, serial studies of in-
dividual RA patients might be helpful to
determine whether serum levels of G-
CSF could be used as a marker of the
response to therapy or to detect periods
of heightened inflammatory activity dur-
ing the course of thischronicillness. We
have shown that in patients with RA,
serum G-CSF levels are higher than in
healthy subjects. More importantly, the
concentrations correlated with clinical
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and laboratory evidence of disease ac-
tivity in a subgroup of RA patients. In
individualstested at different times, there
were significant correlations between the
G-CSF and ESR and platelets.

Our results suggest that cytokine-stimu-
lated synovid fibroblasts may be a source
of G-CSF production in thejoints of pa
tients with inflammatory arthritis. Con-
sequently, granulocytes may be activa-
ted, leading to perpetuation of the inflam-
matory process and pathologic destruc-

tion in these lesions. Our results imply
that G-CSF might be aclinically useful

indicator of RA activity
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