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Abstract
Objective

Immune complexes (IC) are frequently detected in patients with rheumatoid vasculitis (RV). To explore the patho-
genic role of IC in the development of vasculitis among patients with rheumatoid arthritis (RA), we examined the

effect of IC on the expression of cell adhesion molecules (CAM) on polymorphonuclear cells (PMN).

Methods
PMN from healthy volunteers were incubated with the sera from 26 patients with RA including 9 patients with RV,

and the expression of CAM on the PMN was assessed by flow cytometry.

Results
We found that 67% (6/9) of the serum samples from RV patients and 18% (3/17) of the samples from RA patients

without RV revealed up-regulated CD11b expression. On the other hand, 89% (8/9) of the samples from RV patients
and 12% (2/17) of the samples from RA patients without RV revealed up-regulated CD18 expression. However, the

expression of CD11a was not affected. Up-regulation of CD11b and CD18 on PMN was also induced by the
immunoglobulin G (IgG) fraction of the sera of RV patients. Moreover, L-selectin expression on PMN was down-
regulated by the sera or IgG of some patients with RV. These changes in CAM expression on PMN induced by IgG
of RV patients were not observed when PMN were incubated with the IgG of RV patients from which the IC formed

by IgG had been removed.

Conclusion
These results suggest that IC formed by IgG in patients with RA are involved in the development of vasculitis by

affecting the expression of CAM on PMN.

Key words
L-selectin, CD11b, CD18, immune complexes, rheumatoid vasculitis.

Clinical and Experimental Rheumatology 2001; 19: 59-68.



Kazuhiko Haruta, PhD; Shigeto
Kobayashi, MD, PhD; Michiko Tajima,
PhD; Akira Sakai, PhD; Naoto Tamura,
MD; Hideaki Bando, MD; Mutsuko 
Hara, BS; Seiichiro Kawashima, PhD; 
Yoshinari Takasaki, MD, PhD; Hiroshi
Hashimoto, MD, PhD.

This study was supported by The Research
Committee on Intractable Vasculitis Syn-
drome, Surveys and Research on Specific
Diseases, the Ministry of Health and Wel-
fare of Japan, 1996-98.

Please address correspondence and 
reprint requests to: Dr. Kazuhiko Haruta,
Department of Rheumatology and Internal
Medicine, Juntendo University, School of
Medicine, 2-1-1 Hongo, Bunkyo-Ku, Tokyo
113-8421, Japan.
E-mail: Kazuhiko_Haruta@
mail.zenyaku.co.jp

Received on February 3, 2000; accepted 
in revised form on November 7, 2000.

© Copyright CLINICAL AND

EXPERIMENTAL RHEUMATOLOGY 2001.

Introduction
Po ly m o rp h o nu clear cells (PMN) play
an important role in the development of
inflammatory diseases such as rheuma-
toid arthritis (RA). RA is a chronic in-
fl a m m at o ry disease ch a ra c t e ri zed by
infiltration and accumulation of leuko-
cytes in the inflamed joints. PMN mi-
grate into the synovial fluid, generate
toxic oxygen metabolites, and release
granular protease, resulting in destruc-
tion of cart i l age and bone (1). Th i s
process is initiated by adherence of cir-
c u l ating PMN to activated va s c u l a r
endothelial cells, mediated by cell ad-
hesion molecules (CAM) such as L-
selectin (CD62L) and integrins includ-
ing CD11/CD18 (2, 3) on PMN. Acti-
vation of PMN by numerous physiolog-
ic stimuli results in shedding of L-
selectin and up-regulation of CD11b/
CD18 ex p ression. Upon stimu l at i o n ,
the level of CD11a/CD18 expression is
u n a l t e red; instead, the CD11a/CD18
molecules undergo a confo rm at i o n a l
change, resulting in activation of these
molecules (4). In fact, the PMN in the
inflamed joints express a lower level of
L-selectin and a higher level of CD11b
on their surface than PMN in peripheral
circulation of RA patients (5, 6). More-
over, PMN on which the expression of
CD11b and CD18 is up-regulated com-
pared to that on the PMN of healthy
subjects, are also present in the circula-
tion of some patients with RA (7). 
The active phase of RA is known to be
associated with an increase of immune
complexes (IC) formed by rheumatoid
factor(s) (RF) in the sera of RA pa-
tients. Although the exact pathogenic
role of RF has not yet been elucidated,
RF participates in the pathogenesis of
RA through the formation of IC. In the
synovial fluid of the inflamed joints,
transmigrated plasma cells synthesize
R F, e s p e c i a l ly IgG-RF, wh i ch is
released into the synovial fluid, result-
ing in the formation of large IC (8).
These IC in the synovial fluid activate
NADPH oxidase on neutrophils of the
inflamed joint and induce the release of
myeloperoxidase (MPO) from the neu-
trophils (9). However, IC are more of-
ten observed in the sera of RA patients
with extra-articular disease manifesta-
tion such as vasculitis, than in those

with the disease confined to the joints
(10). Recently, it was rep o rted that
cross-linking of the Fc receptor affects
the expression of CAM on PMN (11).
These reports led us to hypothesize that
IC affect the level of CAM expression
on PMN in peripheral circulation and
might be involved in the development
of vasculitis among RA patients. To
verify this hypothesis, we investigated
the expression of CAM on PMN after
incubation with the sera or IgG from
patients with RA. Since PMN release
IL-8 (12) which affects the expression
of CAM on PMN (2, 3, 13), we also
determined the expression of IL-8 in
PMN which had been incubated with
the IC from patients with RV to evalu-
ate whether changes in the expression
of CAM on PMN are related to IL-8
release.

Materials and methods
Patients and controls
The sera of 26 patients with RA, 16
p atients with systemic lupus ery t h e-
matosus (SLE), and 14 normal subjects
were evaluated. The clinical character-
istics of the patients enrolled in this
study are summarized in Table I. RA
patients (26 subjects) were diagnosed
according to the 1987 Revised Criteria
of the American College of Rheumatol-
ogy (ACR, ref. 14). Nine of the 26 pa-
tients exhibited one or more of the fol-
lowing symptoms of rheumatoid vas-
culitis (RV, Table I). Biopsy was per-
fo rmed in these 9 cases, and if it
u n e q u ivo c a l ly demonstrated the pre s-
ence of leuko cy t o clasis or fi b ri n o i d
necrosis of the vascular wall, the pa-
tient was classified as having histologi-
cally proven RV (15, 16). Sixteen pa-
tients fulfilled the ACR criteria for sys-
temic lupus erythematosus (SLE) (17).
The control group consisted of 14 nor-
mal subjects without any medical or
known inflammatory conditions. Since
complements affect the expression of
CAM on PMN (3), each serum sample
was incubated at 56°C for 30 min to
inactivate the complements.

Preparation of PMN
PMN were isolated from heparinized
venous blood from randomly selected
h e a l t hy vo l u n t e e rs with Mono Po ly -
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Resolving Medium (Flow Laboratories
Inc., McLean, USA), according to the
manufacturer’s instructions. After iso-
l at i o n , the PMN we re washed with
phosphate-buffered saline (PBS), sus-
pended in RPMI 1640 supplemented
with 10% fetal bovine serum (FBS),
and kept at 4°C until use.

Reagents and antibodies (Ab)
TNF was purchased from Genzyme
Corp (Cambridge, USA). Lipopolysac-
charide (LPS) (from E. coli, B0111)
was purchased from Sigma Chemical
Co. (St. Louis, USA). Anti-human L-
selectin monoclonal antibody (mAb)
was purchased from Chemicon Interna-
t i o n a l , I n c. (Te m e c u l a , USA). A n t i -
human CD11a mAb (25.3, m o u s e
IgG1), anti-human CD11b mAb (Bear
1, IgG1) and anti-human CD18 mAb
( 7 E 4 , mouse IgG1) we re purch a s e d
from Immunotech (Marseille, France).

Flow cytometry
PMN (5 x 105 cells/100 ml) suspended
in RPMI 1640 medium containing 10%
FBS were incubated with sera, IgG or
TNF (10 ng/ml) in a CO2 incubator
for the specified length of time. The
cells were then washed twice with ice-
cold RPMI 1640 medium containing
5% FBS (washing solution), and main-
tained on ice during subsequent prepa-
ration of the cells for flow cytometry.
The cells were stained for 30 min with
a saturating concentration of the prima-
ry mAb diluted with washing solution,
fo l l owed by reaction with phy c o e ry-
thrin (PE)-conjugated goat anti-mouse
IgG (Immunotech) for 30 min. After
fixation with 1% paraformaldehyde in
P B S, the cells (10,000/group) we re
a n a ly zed by fl ow cy t o m e t ry using
EPICS ELITE (Colter, Hialeah, USA).
D ata we re ex p ressed as fo l l ow s : %
expression of CAM = Mean fluores-
cence intensity (MFI) of treated PMN /
MFI of untreated PMN x 100.

Purification of IgG from sera
IgG was purified from sera using the
MAbTrapG II kit (Pharmacia, Uppsala,
Sweden). Briefly, 1 ml of serum diluted
with PBS at 1:10 was centrifuged at
8,000 g for 10 min, and the supernatant
was fi l t e red with a 0.45 m fi l t e r.

After this solution had been loaded on a
protein G Sepharose column (1 ml), the
column was washed with 2 ml of the
Binding Buffer. Then, IgG was eluted
with the Elution Buffer and neutralized
with the Neutralizing Buffer. Fractions
of 500 l were collected. After purifi-
cation, the solution containing IgG was
condensed using Microcon 30 (Amicon
Inc., Beverly, USA) and diluted with
PBS at a concentration of 10 mg/ml.
The solution of IgG from each RA and
normal subject was kept at room tem-
perature for 30 min. The IgG solution
was centrifuged at 8,000g for 10 min,
and the sediment and the supernatant
were defined as self-aggregated IC and
soluble IgG (IgG not included in IC) in
RA, respectively. The self-aggregated
IC was used after resuspension in PBS.
The purity of IgG was assessed by stan-
dard SDS-PAGE, and the final protein
concentration of IgG was evaluated us-
ing the Bio-Rad Protein Assay kit (Bio-
Rad Laboratories, Richmond, USA).

Quantitation of soluble L-selectin 
(sL-selectin) and IL-8
PMN (1 x 106 cells/100 ml) suspended
in RPMI 1640 medium containing 10%
FBS were treated with IgG (200 g/
ml), TNF (10 ng/ml) or LPS (1 g/
ml) for 2 hr in a CO2 incubator, and
then the supernatant was collected. The
l evel of sL-selectin and IL-8 in the
supernatant was determined using the
sL-selectin ELISA kit (Bender Med-
System, Vienna, Austria) and Predicta
IL-8 ELISA kit (Genzyme), respective-
ly, a c c o rding to the manu fa c t u re r ’s
i n s t ructions. The sensitivity of these
assays is 0.3 ng/ml for sL-selectin and
1 pg/ml for IL-8.

Determination of mRNA level in IL-8
After incubation with IgG (200 g / m l )
or LPS (1 g/ml) for 2 hr, the PMN (1 x
1 06 cells) we re lysed in 0.2 ml of RNA
zole B (Tel-test Inc. , Fri e n d swo o d,
USA). Total RNA was ex t racted with
ch l o ro fo rm and pre c i p i t ated with iso-
p ropanol. The RNA pellet was wa s h e d
with ethanol, resuspended in 30 l of
d i e t hy l py ro c a r b o n at e - t re ated (DEPC)
wat e r, and reve rs e - t ra n s c ribed by add i n g
0.5 g of oligo-dT primer (Pro m ega ,
M a d s o n , USA). The RNA/ primer mix-

t u re was incubated at 70°C for 10 min,
and then immediat e ly cooled on ice, fo l-
l owed by incubation at 42°C for 45 min.
The reve rse tra n s c ription (RT) re a c t i o n s
we re term i n ated by incubating the sam-
ples at 95°C for 5 min. Nex t , p o ly-
m e rase chain reaction (PCR) amplifi c a-
tion of the target gene sequence was car-
ried out in a reaction mixture wh i ch con-
tained 1 l cDNA , 5 l PCR bu ffe r
(100 mM Tri s - H C l , 15 mM MgCl2, 5 0 0
mM KCl, pH 8.3, B o e h ri n ge r
M a n n h e i m ,M a n n h e i m ,G e rm a ny ) , 1 l
of 10 mM dNTPs (PCR Nucl e o t i d e
M i x , B o e h ri n ger Mannheim), 0.5 pmol
of the re s p e c t ive 5’ p rimer (IL-8: 5 ’ -
ATGA CTTCCAAG C T G G-
C C G T G G C T-3’; and - a c t i n : 5 ’ -
G C C C AG AG C A AG AG A AG G TAT- 3 ’ )
and 3’ p rimer (IL-8: 5 ’ - T C T C AG C C-
C T C T T C A A A A ACT TCTC-3’; and -
a c t i n : 5 ’ - G G C C ATCT CTTGCTC-
G A AG T-3’) and 0.5 units of Taq poly-
m e rase (Boehri n ger Mannheim) to a
total volume of 50 l wat e r. The PCR
m i x t u re was ove rlaid with mineral oil,
and then amplified in a thermal cy cl e r.
The amplifi c ation pro file was as fo l-
l ow s : initial denat u ration at 94°C for 5
m i n , then denat u ration at 94°C for 1
m i n , p rimer annealing at 55°C for 1 min
and extension at 72°C for 1 min for 35
cy cl e s , and a final step at 72°C for 5
m i n .

Rheumatoid factors and other 
laboratory parameters
RF was determined with the latex tur-
b i d i m e t ric immu n o a s s ay (TIA). Th e
normal range was less than 20 IU/ml.
IgG-RF was determined by ELISA
(Eitest IgG-RF, E i s a i , To kyo , Jap a n )
and the value was expressed as index
(normal range: less than 2.0). C-reac-
t ive protein (CRP) we re determ i n e d
with TIA (normal range: less than 0.3
mg/dl). IC was determined utilizing the
CICmRF method (Nissui Ltd., Tokyo,
Japan) and normal range was less than
4.2 g/ml. Sera at the onset of vasculi-
tis were selected and used for analyses.

Statistical analysis
The means of all groups were analyzed
for overall significance of difference by
K ru s k a l - Wallis analysis and diffe re n-
ces between groups we re tested by
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Dann’s test or Mann-Whitney’s U test.
P values < 0.05 were considered to be
statistically significant. 

Results
Expression of CAM on PMN upon 
incubation with sera from RA, SLE,
and normal subjects
Incubation of PMN with the sera (1:50)
of RA, SLE and normal subjects for 2
hrs resulted in down-regulation of L-
selectin ex p ression and up-reg u l at i o n
of CD11b and CD18 expression in all
cases. When the cut-off value of nor-
mal down-regulation of L-selectin ex-
pression was set as the mean - 2 SD of
the level of L-selectin expression of the
Normal group, lower expression of L-
selectin on PMN than the cut-off values
were observed after incubation of PMN
with the sera of 4 of the 9 (45%) RV
p atients and 6 of the 17 (35%) RA
patients without vasculitis. When the
cut-off value of normal up-regulation
of CD11b and CD18 was set as the
mean + 2 SD of the level of expression
of the Normal group, higher expression
of CD11b on PMN than cut-off values
were observed after incubation of PMN
with the sera of 6 of the 9 (67%) RV
p atients and 3 of the 17 (18%) RA
patients without vasculitis. Moreover,
the level of CD18 expression on PMN
was higher than the cut-off value after
the incubation of PMN with the sera of
8 of the 9 (89%) RV patients and 2 of
the 17 (12%) RA patients without vas-
culitis (Fig. 1). 
The significant differences between RV
patients and RA patients without vas-
culitis was observed in the case of
CD18 expression (Kruskal-Wallis ana-
lysis following Dann’s test; p < 0.05).
When RA patients including RV
patients were divided into negative and
positive groups for CAM expression by
the cut-off values, there were signifi-
cant diffe rences between the gro u p s
with respect to IgG-RF (CD11b, C18)
and CIC (CD18, Table II). On the other
hand, the level of expression of CD11a
did not change upon incubation with
any of the serum samples used in this
study. The sera of SLE patients did not
induce significant changes in the level
of ex p ression of L-selectin, C D 1 1 a ,

CD11b or CD18 on PMN.
E x p ression of CAM on PMN upon
incubation with IgG purified from the
serum of RV patients
To determine the factor(s) in the sera of
RV patients wh i ch dow n - reg u l ate L-
selectin ex p ression and up-reg u l at e

CD11b and CD18 expression on PMN,
we examined the expression of CAM
on PMN after incubation with IgG
purified from the serum of RV patients.
Figure 2A shows a representative elu-
tion profile of the protein G Sepharose
column for purification of IgG from the

Fig. 1. Expression of CAM on PMN upon incubation with the sera of RA patients, SLE patients and
normal subjects. After incubation of PMN with the serum of a subject (1:50) for 2 hrs,the expression of
L-selectin,CD11a,CD11b and CD18 on the PMN was analyzed by flow cytometry as described in the
Materials and Methods. The cut-off values (mean + 2 SD of the Normal group for CD11a,CD11b and
CD18; mean - 2 SD of the Normal g roup for L-selectin) are indicated by the broken line. : serum of
patients with rheumatoid vasculitis (RV).

Table II. Laboratory indices of RA patients:positive and negative groups for expression of
cell adhesion molecules.

No. of CRP RF IgG-RF CIC

patients (mg/dl) (IU/dl) ( g/ml)

L-selectin Positive 10 7.8 ± 6.4 417 ± 407 3.2 ± 2.4 4.6 ± 2.8

Negative 16 6.6 ± 5.9 228 ± 264 2.5 ± 2.2 5.3 ± 6.5

CD11b Positive 9 9.5 ± 6.1 458 ± 459 4.0 ± 2.4* 7.4 ± 8.4
Negative 17 6.2 ± 6.4 195 ± 167 2.1 ± 2.1 3.7 ± 2.2

CD18 Positive 10 8.8 ± 5.9 435 ± 436 4.3 ± 2.3* 8.1 ± 7.6*
Negative 16 6.5 ± 6.2 192 ± 200 1.8 ± 1.7 3.0 ± 1.4

Laboratory indices in RA patients including RV patients represented as mean ± SD.  
*p < 0.05 as compared with negative group.
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serum of a RV patient. The down-regu-
lation of L-selectin expression on PMN
was observed after incubation with the
fraction including IgG (Fraction 5 in
Fig. 2A). 
Upon incubation of PMN with the IgG
fraction from the serum of RV patients
for various lengths of time, the level of
ex p ression of L-selectin on PMN
changed in a time-dependent manner
(Fig. 3). Incubating PMN with TNF
(10 ng/ml) down-regulated L-selectin
ex p ression on PMN within 15 min.
However, incubation of PMN with the
IgG fraction (200 g/ml) from the sera
of RV patients, resulted in a gradual
decrease of L-selectin expression over
2 hrs (Fig. 3). 
Upon incubation of PMN with various
concentrations of IgG from RV patients
and normal subjects for 2 hrs, a con-
c e n t rat i o n - d ependent decrease in L-
selectin ex p ression and a concentra-
tion-dependent increase in CD11b and
CD18 expression were observed (Fig.
4). Rep re s e n t at ive fl ow cy t o m e t ri c
results upon incubation of PMN with
the IgG fraction from a RV patient and
that of a normal subject, are shown in
Fi g u re 5. Namely, L-selectin ex p re s-
sion was down-regulated and the ex-
pression of CD11b and CD18 was up-

regulated by 200 g/ml of IgG from
patients with RV. Similar changes in
the expression of CAM on PMN were
observed by treatment with TNF (10
ng/ml). On the other hand, IgG from
n o rmal subjects did not affect the
expression of CAM on PMN.

Expression of CAM on PMN upon
incubation with self-aggregated IC
from the sera of patients with RV
Incubation of PMN with the IgG of 8
RV patients whose sera up-reg u l at e d
the expression of CD18 from which IC
had been removed (soluble IgG from
RV in Table III), induced smaller chan-
ges in the expression of CAM on PMN.

On the other hand, self-aggregated IgG
(200 g/ml) isolated from the IgG
fraction of these 8 RV patients induced
not only significant up-reg u l ation of
CD 11b and CD18 expression but also
significant down-regulation of L-selec-
tin ex p ression on PMN (Table III).
H oweve r, t h e re we re no ch a n ges in
composition between soluble IgG and
self-aggregated IgG (Fig. 2B). More-
over, F(ab’)2 fragments of IgG purified
from the sera of RV patients did not
affect the expression of CAM on PMN
(data not shown). 
The down-regulation of L-selectin ex-
pression resulting from shedding of L-
selectin was confirmed by observation

(A) (B)
Fig. 2. Elution profile (A) and SDS-PAGE analysis (B) of IgG which was purified from the serum of a patient with RV. (A) Elution profile. 10 l of each
fraction was incubated with PMN for 2 hrs, and the level of L-selectin expression was evaluated by flow cytometry as described in the Materials and Meth -
ods. indicates the expression of L-selectin on PMN. indicates the concentration of total protein in each fraction. 
(B) SDS-PAGE analysis. Fractions 1-6 diluted with PBS at 1:10 (Lanes 1-6) from A, soluble IgG (Lanes 7 and 9; 1 g/lane) and self-aggregated IC (Lanes
8 and 10; 1 g/lane) were resolved on 5-20% gradient SDS gel under non-reducing conditions (Lanes 1-8) or reducing conditions (Lanes 9 and 10). The pro-
teins were visualized by Coomassie Blue R-250.

Fig. 3. Kinetics of down-regulation of
L-selectin expression on PMN by IgG.
PMN were incubated with the fraction
which contained IgG from the sera of
RV patients (n = 3) or normal subjects
(n = 3),or TNF (10 ng/ml) for the in-
dicated lengths of time. The expression
of L-selectin on PMN was analyzed by
fl ow cy t o m e t ry as described in the
Materials and Methods section. Data
are expressed as the mean ± SEM (n =
3).



t h at the level of sL-selectin in the
s u p e rn atant of PMN after incubat i o n
with self-aggregated IgG (200 g/ml)
was significantly higher than that in the
s u p e rn atant after incubation with the
IgG fraction of normal subjects. How-
eve r, the level of sL-selectin in the
s u p e rn atant after incubation of PMN
with soluble IgG from patients with RV
(200 g/ml) did not differ significantly
(Fig. 6).
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Fig. 5. Representative results of flow cytometric analysis of the expression of CAM on PMN. PMN were incubated with IgG (200 g/ml) of a RV patients,
normal subject, or TNF (10 ng/ml) for 2 hrs, and then were analyzed with flow cytometry as described in the Materials and Methods.

Table III. Effects of IgG on the expression of cell adhesion molecules.

L-selectin CD11a CD11b CD18

RV
Self-aggregated IC (n = 8) 27.7 ± 2.8* 95.7 ± 1.4 193 ± 11* 221 ± 19*

Soluble IgG (n = 8) 84.3 ± 7.4 101.0 ± 1.2 144 ± 7 182 ± 8

Normal
Soluble IgG (n = 5) 92.0 ± 2.8 95.8 ± 2.8 144 ± 7 164 ± 8

Expression of cell adhesion molecules (%) were determined by flow cytometry as described in Mate-
rials and Methods, and represents the mean ± SEM. 
*p < 0.05 as compared with soluble IgG from normal subjects (Normal).

Fig. 4. Dose-dependent effect of IgG on the
expression of CAM on PMN. PMN were incu-
bated with various concentrations of IgG isolated
from the serum of RV patients (n = 3) and nor-
mal subjects (n = 3) for 2 hrs, and analyzed by
flow cytometry as described in the Materials and
Methods. Data are expressed as mean ± SEM (n
= 3).
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Expression of IL-8
To evaluate the involvement of IL-8 in
the change in expression of L-selectin,
CD11b and CD18 on PMN by self-
aggregated IgG, we examined the
mRNA level of IL-8 in PMN upon in-
cubation with self-aggregated IC from
RV patients. IL-8 mRNA was detected
by RT-PCR in PMN which had been
incubated for 2 hrs in medium (unstim-
ulated PMN) as well as with LPS (1

g/ml) or self-aggregated IC (200 g
/ml). The level of IL-8 mRNA in PMN
which had been incubated with self-
aggregated IC or LPS was increased in
comparison with that in unstimulated
PMN (Fig 7). In fact, IL-8 (35.3 ± 9.7
pg/ml, mean ± SEM, n = 5) was releas-
ed from unstimulated PMN over 2 hrs.

M o re ove r, the level of IL-8 in the
supernatant of PMN was significantly
higher after incubation with self-aggre-
gated IC (71.3 ± 8.5 pg/ml, mean ±
SEM, n = 5).

Discussion
We have shown in this study that the
sera of some patients with RA induced
shedding of L-selectin and up-regula-
tion of CD11b and CD18 expression on
the PMN. Moreover, similar changes in
the expression of CAM on PMN were
observed when PMN were incubated
with IgG puri fied from these seru m
samples. During the puri fi c ation of
IgG, the IgG of patients with RV aggre-
gated and sedimented after neutraliza-
tion of the solution eluted from the pro-

tein G Sep h a rose column, i n d i c at i n g
that IgG-RF formed IC in vitro. In fact,
the level of IgG-RF was significantly
higher in patients whose sera induced
the up-regulation of CD11b and CD18
(Table II). Aggregation of IgG did not
occur during the puri fi c ation of IgG
from the sera of normal subjects. Incu-
bation of PMN with IgG solutions from
which IC had been removed (soluble
IgG in RA, Table III), did not change
the expression of CAM on PMN. These
results suggest that IC formed by IgG-
RF affect the expression of CAM on
PMN. Dimeric IgG-RF in the peripher-
al circulation normally binds with two
IgG molecules. Although the pat h o-
genicity of these complexes is not fully
u n d e rstood (17), our results sugge s t
that IC formed by IgG-RF in the peri-
pheral circulation may be involved in
the development of vasculitis in RA.
Although anti-neutrophil cy t o p l a s m i c
antibodies (ANCA) have been detected
in the sera of some patients with RA
(19, 20), ANCA were not detected in
the serum samples used in this study.
Moreover, the F (ab’)2 fragment of IgG
purified from the sera of RV patients
did not affect the expression of CAM
on PMN (data not shown). Th e s e
results indicate that the Fc portion of
IgG is required to induce changes in the
expression of CAM on PMN. This sug-
gests that IC formed by RF affect the
ex p ression of CAM through the Fc
receptor on PMN. There are two struc-
t u ra l ly and functionally distinct Fc
receptors on the surface of unstimulat-
ed PMN. Homotypic or hetero t y p i c
cross-linking of Fc receptor induces
u p - reg u l ation of the ex p ression of
CD11b and CD18. Although the cross-
linking of Fc RIIa induces shedding of
L - s e l e c t i n , c ross-linking of Fc R I I I b
does not result in a change in the level
of L-selectin expression (11). 
In this study, the expression of CD11b
and CD18 on PMN upon incubation
with the sera of RV patients was signif-
icantly higher than the expression of
CD11b and CD18 on PMN incubated
with the sera of normal subjects. How-
ever, the level of L-selectin expression
on the surface of PMN incubated with
the sera of RV patients and that of
PMN incubated with the sera of normal

Fig. 6. Level of sL-selectin in the supernatant of PMN. After incubation with self-aggregated IC (200
g/ml) or soluble IgG (200 g/ml) from RV patients,or IgG (200 g/ml) from normal subjects for 2

hrs,the level of sL-selectin in the supernatant of PMN was determined with ELISA. Data are expressed
as mean + SEM. The number in each column indicates the number of samples examined. 
*p < 0.05 compared with the level of sL-selectin upon incubation with IgG from normal subjects.

1       2       3 

IL-8

-actin

Fig. 7. Expression of mRNA of IL-8 and -actin
in PMN. After incubation of PMN with self-
aggregated IC or LPS (1 g/ml), the level of
m R NA was determined with RT-PCR as
described in the Materials and Methods.  Lane 1,
unstimulated PMN; Lane 2,PMN incubated with
LPS; Lane 3, PMN incubated with IC from RV.



subjects did not differ significantly. IC
fo rmed by bovine serum albu m i n
(BSA) and anti-BSA increased the
ex p ression of CD11b and CD18 on
PMN while it did not affect L-selectin
ex p ression (21). Th e re is a ten-fo l d
gre ater number of Fc RIIIb than
Fc RIIa on the surface of PMN (22). IC
fo rmed by IgG-RF mainly bind to
F c R I I I b, t h e reby activating PMN in
the circulation. However, the IgG frac-
tion from the sera of RV patients, as
well as the self-aggregated IC, m ay
have cross-linked not only to Fc RIIIb
but also to Fc RIIa in this study. Self-
aggregated IC may induce shedding of
L-selectin, whereas the sera may not
affect the expression of L-selectin on
PMN (Fig. 1).
Autoantibodies against vascular endo-
thelial cells in patients with WG and
s cl e ro d e rma stimu l ate the pro d u c t i o n
of IL-1 in vascular endothelial cells.
IL-1 released from endothelial cells
stimulates the expression of CAM on
endothelial cells (23, 24). A l t h o u g h
these ch a n ges in the ex p ression of
CAM on PMN induced by the IgG of
RV patients we re indistinguishabl e
from those induced by TNF , down-
regulation of L-selectin expression on
PMN tre ated with IgG from RV pa-
tients occurred gradually than that on
PMN tre ated with T N F ( Fi g. 3).
M o re ove r, the mRNA of IL-1 a n d
TNF was not detected by RT-PCR in
PMN which had been stimulated with
self-aggregated IC for 2 hrs (data not
s h own). Although the ex p ression of
mRNA for IL-8 in PMN and the level
of IL-8 in the medium were increased
by incubation with self-aggregated IC,
the amount of IL-8 in the medium (71.3
± 8.5 pg/ml) did not affect the expres-
sion of CAM on PMN after incubation
of PMN with self-aggregated IC for 2
hrs (data not shown). These findings
s u ggest that IgG in the sera of RA
patients directly induces changes in the
expression of CAM on PMN, but not
via cytokine production.
IC have been detected in the sera of
patients with SLE as well as RA (25).
The level of CD11b/CD18 expression
on the PMN of SLE patients is directly
c o rre l ated with disease activ i t y, a l-
though there was no relationship be-

tween the level of L-selectin expression
on PMN and disease activity (26).
However, the sera of SLE patients did
not affect the expression of CAM on
PMN in this study. The level of CIC
was lower in SLE patients than that of
RV patients (Table I). Agalactosyl IgG-
IC was present in the serum from RA
p at i e n t s , but absent in the sera fro m
SLE patients (27). Then, there is a pos-
sibility of quantitative and/or qualita-
tive differences of IC that may affect
the expression of CAM. 
PMN can seri o u s ly compromise the
function of the vasculature by injuring
endothelial cells. A c t ivated PMN re-
lease protease and superoxide, leading
to vasculitis (28). The binding of
CD11b/CD18 to intercellular adhesion
molecules-1 leads to the production of
superoxide in PMN (29). Many cyto-
kines are present in the circulation of
patients with RA (1). Then, IC formed
by RF in combination with these cyto-
kines may result in the development of
vasculitis in RA. 
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