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Taxamasa1, Y., Kasawmara, T. Sawar, T., Rikmmaru, A., Mukama, N,
MatsusHiMa, K. and Sasaki, T. The Participation of IL-8 in the Synovial
Lesions at an Early Stage of Rheumatoid Arthritis. Tohoku J. Exp. Med., 1999,
188 (1), 75-87 —— Synovial tissues from Rheumatoid Arthritis (RA) were divided
into three groups based on their histopathological findings and compared for their
expression of IL-8 and monocyte chemotactic and activating factor (MCAF) by
using immunohistochemistry and in situ hybridization. The levels of IL-8 as well
as those of MCAF were markedly higher in the synovial fluid from RA joints.
Synovial lining cells (SLC) and macrophages had an ability to produce IL-8 at an
early phase of the disease. The presence of MCAF was restricted in macrophages
at this stage. On the other hand, the production of IL-8 as well as MCAF were
prominent in most components of the joints such as SLC, migrated monocytes,
sublining fibroblastoid cells, endothelial cells or migrated neutrophils at an active
phase. The expression of IL-8 or MCAF was low in fibrotic synovitis of RA.
These data indicate that IL-8 generated from SLC and macrophages may partici-
pate to the inflammatory process 1in the early synovitis of RA.
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Rheumatoid arthritis (RA) is a chronic inflammatory synovitis characterized
by marked hyperplasia of the synovial lining cells and by extensive infiltration of
macrophages and leukocytes (Krane and Simon 1986). It has been well
documented that various types of cytokines (Feldmann et al. 1990) or growth

factors (Kumkumian et al. 1989), including interleukin-1 S(IL-18) (Fontana et al.
1989), IL-6 (Waage et al. 1988), tumor necrosis factor-a (TNF-«) (Digiovini et al.
1988), or others, are responsible for the process of inflammation in RA (Xu et al.
1989). A large number of mononuclear cells and neutrophils may also participate
in the inflammatory and destructive phase (Jones et al. 1991; Chathan et al. 1993).
It has also been demonstrated that the destruction of joints is attributed to the
prolonged migration of chemotactic factor-secreting cells into the inflamed joints.

Neutrophils show chemotaxis which is caused by stimulants such as small
peptides (Schiffmann et al. 1975) and complements (Fernandes et al. 1978). IL-8,
one of recently discovered chemokines (Matsushima et al. 1988) also has the
ability to cause chemotaxis and activate neutrophils (Mukaida et al. 1989). This
cytokine 1s known to cause the emigration of neutrophils into synovial fluid
(Brennan et al. 1990), resulting in the promotion of joint inflammation and
neutrophil-mediated cartilage degradation (Seitz et al. 1991). In this process,
recruitment of macrophage into the synovial tissues (Walz et al. 1987) is necessary
for the continuous cytokine release which induces persistent synovitis. The
secreted chemokine, monocyte chemotactic and the activating factor (MCAF),
induce the production of superoxide anion, and the release of a lysosomal enzyme
from monocytes though the autocrine and/or paracrine mechanisms. It has been
also demonstrated that various types of cells from RA joints can produce IL-8 and
MCAF in vitro (Cushing et al. 1990; Yoshimura and Leonard 1990), and IL-8 or
MCAF exist in a high concentration in the synovial fluid of the RA joint (Koch
et al. 1991, 1992). Furthermore, in the cases studied, IL-8 is present in the
synovial lining cells in 87%, of RA, and in 629%, of osteoarthritis (OA) when
determined by immunohistochemical techniques (Deleuran et al. 1994). How-
ever, it is not yet elucidated whether these cytokines are produced in synovium in
vivo.

MATERIALS AND METHODS
Subjects

Synovial tissues were obtained from 24 RA and 6 OA patients who underwent
arthroscopic biopsy or total knee joint replacement. Patients with RA met the
American College of Rheumatology’s criteria for the diagnosis of RA (Arnet et al.
1988), and all including OA gave an informed consent for the study. Normal
synovial tissues were obtained from patients undergoing knee arthroscopy for
traumatic ligament lesion.
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IL-8 and MCAF assay

The levels of 11.-8 and MCAF in serum and synovial fluid from RA or OA
cases were determined by a sensitive EILSA described previously (Ko et al. 1992)
or by a competitive inhibition radioimmunoassay (Kasahara et al. 1991).

Antrbodies

Monoclonal anti-IL-8 antibody, WS-4 or anti-MCAF antibody, 26) was
obtained according to the method described in an earlier paper (Kasahara et al.
1991; Ko et al. 1992). KP-1 (DAKO Japan Co., Ltd., Kyoto), monoclonal
anti-macrophage antibody (Pulford et al. 1989) was used for the identification of
macrophages in the synovium. UCHL-1 (DAKO Japan Co., Ltd.) (Norton et al.
1986) or L-26 (DAKO Japan Co., Ltd.) (Norton and Isaacson 1987) was also used
for the identification of T or B lymphocytes in the synovium. Cell types of IL-8

and MCATF expression cells are determined on serial sections by using monoclonal
antibodies (KP-1, L-26 and UCHL-1).

Tissue preparation

The synovial tissues obtained were fixed in 4%, paraformaldehide (PFA) for
2 hours at room temperature (RT). They were dehydrated in ethanol and embed-
ded in paraffin.

Immunohistochemustry

Immunohistochemistry was performed by a biotin-streptavidine method.
Briefly, after deparaffinization, sections were treated with 0.3%, H,O, in methanol
for 30 minutes to minimize any endogeneous peroxidase activity. Then
nonspecific protein binding was blocked with 109, normal rabbit serum for 30
minutes at RT. Consequently, the sections were treat with 0.19, trypsin (Sigma
Chemical Co., St. Luis, MO, USA) 0.056 M Tris-HCI, pH 7.6 for 5 minutes at RT.
After rinsing in 0.01 M phosphate buffer saline (PBS), the primary antibody
(anti-IL-8 antibody, anti-MCAF antibody) was applied on each specimen, and
slides were incubated overnight at 4°C. Subsequently, the slides were added on
biotinized anti-mouse IgG+IgM (DAKO Japan Co., Ltd.), incubated for 60
minutes at RT, and rinsed in 0.01 M PBS. The slides reacted with streptavidine
(Histfin, Nichirei Co.) for 30 minutes at RT, and then developed in a solution of
0.05%, 3,3 diaminobenzidine detrahydrochloride (Grade III, Sigma Chemical Co.)
in 0.05 M Tris-HC1 buffer, pH 7.6 and 0.019%, H,O,.

Histological classification of RA synovial tissues

RA synovial tissues were classified in three groups, histologically (Yates and
Scott 1975). (A) early synovitis (exudative phase): Slight synovial lining cell
proliferation and mononuclear cell infiltration within one year from onset the RA.
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(B) active synovitis: Marked synovial lining cell proliferation and mononuclear
cell infiltration. (C) fibrotic synovitis: Predominant fibrosis without mononu-
clear cell infiltration.

In situ hybridization

In situ hybridization (ISH) for IL-8 or MCAF mRNA was performed as
described in our previous paper (Miyamasu et al. 1995). Namely, the section was
treated in 0.2 N HCI for 10 minutes. After rinsing in 0.01 M PBS, the slides were
dehydrated and dried. They were then treated with predigested pronase (250 ng/
ml) (Calbiochem Co., San Diego, CA, USA) for 15 minutes at RT. After post
fixation was performed in 4%, PFA for 20 minutes at RT, the sections were treated
with 0.25%, (w/w) acetic anhydride/0.1M triethanolamine for 10 minutes. After
rinsing 1n 2 X SSC (standard saline citrate buffer ) for 4 minutes twice, the sections
were dehydrated and dried. The hybridization was carried out in a mixture
containing 509, formamide, 0.3M NaCl, 1mM EDTA, 10mM Tris HCI,
1xDenhardt’s solution, 80 xg/ml salmon sperm DNA, 550 g/ml yeast tRNA, and
50 pmol/ml degoxigenin-labeled IL-8 oligonucleotide probe (Oncogen Science,
Union dale, NY, USA) or 30 4g/ml degoxigenin-labeled MCAF ¢DNA probe for 15
hours at 45°C. Sections were rinsed with 2 X SSC twice, each time for 10 minutes,
and with 2xSSC for 1 hour at RT, and with 0.1 x SSC twice, each time for 30
minutes at 45°C.

Immunological detection

Immunological detection was performed according to the recommendations
made by Boehringer (Mannheim, Germany). Briefly, the slides were incubated
with the alkaline phosphatase conjugated anti-digoxigenin antibody for 2 hours
and developed by nifroblue tetrazolium salt and 5-bromo 4-chloro-3-
indolylphosphate containg levamisole (Sigma Chmical Co.) using a DIG Nucleic
Acid Detection Kit (Boehringer).

We estimated the expression of protein or mRNA on the cell types of
synovium by grading as O (positive cells <0), 14 (0<positive cells<25%,), 2+
(259, < positive cells <50%,), 3+ (50%, < positive cells). In all cases, five to ten
high-power fields (x400) were examined and a minimum of five handred cells
were counted independently by two observers.

Statistical analyss

Values are presented as means+s.E. Statistical evaluation of difference was
performed by Student’s t-test. The criterion for statistical significance was p <
0.05.

Probe presentation
The IL-8 oligonucleotide probe is 40 bases in length (Mukaida et al. 1989) and
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was labeled by Oligonucleotide Labeling Kit (Boehringer).
The MCAF cDNA probe employed was a PST-1-digested fragment, with 400
base-pair from pUC9 (Kasahara et al. 1991), and labeled with a DNA Labeling Kit

(Boehringer).

Resurr
The levels of IL-8 and MCAF n serum and synovial fluid

IL-8 was undetectable (<20 pg/ml) in RA sera as well as in OA sera. On the
other hand, the levels of IL-8 were markedly higher in RA synovial fluid than
those in OA (RA: 4493.5+8387.7 pg/ml; OA: 34.23+7.33 pg/ml), as shown in
Fig. 1.

The levels of MCAF were higher in sera as well as in synovial fluid from RA
compared to those from OA (RA: sera 2.06+1.38 ng/ml, synovial fluid 6.60+5.11
ng/ml; OA: sera 0.61+0.48 ng/ml, synovial fluid 1.75+1.34 ng/ml (Fig. 1).

Immunohistochemucal localization of IL-8 and MCAF

According to the described method, we tried to stain IL-8 in synovial cells of
RA or OA. The results showed positive for various types of cells except
lymphocytes in RA (Figs. 2A and B) and (Table 1). In contrast with RA, we
failed to detect antigenic IL-8 in OA 1n synovial tissues.

Anti-MCAF-reactive cells were also demonstrated on synovial lining cells,
migrated monocytes, sublining fibroblastoid cells, and entothelial cells in RA
synovial tissues (Figs.2C and D) and (Table 2). The distribution of MCAF-
positive cells was compatible with that of IL-8-positive cells at an active phase of
RA.

IL-8 concentration (ng/ml)
w
MCAF concentration (ng/ml)

. 0 -

0 RA OA RA OA

Fig. 1. Antigenic IL-8 and MCAF levels in sera ([ ) or synovial fluid ([ ])
from rheumatoid arthritis (RA) and osteoarthritis. Results represent the
mean—+s.E. Six replicate determinations/patients were performed.
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Fig. 2. Immunohistochemical demonstration of IL-8 (A, B) and MCAF (C, D)
expression in synovial tissue of RA patient.
(A) early synovitis: Immunoreactive IL-8 was observed on synovial lining
cells. (B) active synovitis: Immunoreactive IL-8 was observed on synovial
lining cells, monocytes, fibroblasts, and endothelial cells. (C) early
synovitis: Immunoreactive MCAF was scarecely observed in synovial tissue.
(D) active synovitis: Immunoreactive MCAF was observed on synovial
lining cells, monocytes, fibroblasts, and endothelial cells. (A, B, C, original
magnification x400; D, original magnification x 200)

Expression of IL-8 and MCAF mRNA on synowvial tissues

IL-8 mRNA was present mainly in monocytes and synovial lining cells but
rarely in fibroblasts or other types of cells in early synovitis (Table 1, Fig. 3A).
On the other hand, presence of IL-8 mRNA was markedly increased in a variety
of cells in active synovitis. Namely, an ISH study revealed that IL-8 mRNA was
present in synovial lining cells, migrated monocytes, subliming fibroblastoid cells,
endothelial cells, and migrated neutrophils in the synovial tissues but not in
lymphocytes (Table 1, Fig. 3B). IL-8 mRNA was, however, undetectable by
using the sense probe (data not shown). In fibrotic synovitis, IL-8 mRNA was
detected slightly in each component of RA joints (Fig. 3C). The expression and
the distribution pattern of the cells for IL-8 mRNA were similar with those of TL-8
antigenic in all samples and tended to be well correlated with the histological
activity (Table 1, Fig. 3). We could scarcely detect IL-8 mRNA in OA synovial
tissues or in normal synovium. The presence of MCAF and MCAF mRNA were
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TaBLe 1. Expression of antigenic IL-8 and IL-8 mRNA wn synovial cells

Synovial cells

Cases Stage

SLC M¢  Fibroblast Vessel PMN Ly

Group A 1 I /4 /4 =/ =/ =/
2 I /4 /4 -/= —/+ +/ 4 —/=

3 I +/ 4 +/4 —/= /= /= ~/=

4 I /4 +/+ -/ —/= -/ -/

5 I +/ 4 +/+ —/— —/— +/ 4+ ~/—

6 1 /4 /= /= —/= —/+ —/=
GroupB 1 v W/ 4 +/# +/+ +/+ #/ 4 —/ =
2 II W/ H/ # +/ 4 /4 H/ H# —/—

3 v H/# /4 +/+ +/+ H/ # —/=

4 v +/ 4+ /4 +/ 4+ #/+ /4 —/—

5 I11 /4 #/ 4 +/ 4+ +/ 4 #/# —/=

6 v +/4 /4 +/+ —/= —/= —/=

7 v /4 +/ 4 /4 —/= —/+ —/—=

8 II1 H#/ 4 +/ 4 +/ 4 — ) —/+ -~/

9 II +/ 4 +/ 4 +/+ +/+ /4 —/—

10 11 H+/ 4+ /4 /4 +/+ +/ 4+ — /=

11 v /4 /4 /4 +/ 4 +/4 -/

12 III +/4 #/ 4 —/= —/- =/ =/
Group C 1 v +/+ +/+ +/+ +/— +/+ —/—
2 v —/= /4 +/+ —/= +/+ —/=

3 v +/+ #/+ +/+ -/ —/+ —/—=

4 v +/+ +/+ —/— +/ -/ — /=

5 111 +/+ +/+ +/+ —/= —/= -/

6 v +/ = +/+ +/+ —/= —/= =/
Group D 1 —/+ —/= —/= —/= -/ =/
2 -/ —/= +/—= —/- /= =/

3 —/= +/- —/= +/—= —/= —/=

4 nd./— nd./— nd./+ nd./— nd./— nd./—

o —/= —/= +/+ —/= —/= —/=

6 —/n.d. -+ /n.d. + /n.d. —/n.d. —/n.d. — /n.d.

Group A, B and C denote patients with RA showing early synovitis, active
synovitis and fibrotic synovitis.

Group D denotes patients with osteoarthritis.

The expression of protein or mRNA on the cell types of synovium was graded as-
(positive cells<0, 1+ [0 < positive cells <25%,], 2+ [25%, < positive cells<50%,], 3+
[509%, < positive cells]).

n.d., not done.

aantigenic IL-8/I1.-8 mRNA

SLC, synovial lining cell; Mg, macrophage; PMN, polymorphonuclear cell; Ly,
lymphocyte.
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TaBLE 2.  Expression of antigenic MCAF and MCAF mRNA in synovial cells

Synovial cells

Cases Stage

SLC Mg Fibroblast  Vessel PMN Ly

Group A 1 I — /) 4/ 42 — /= ) e /=
2 e S e Y

3 I +/+ +/ 4 +/+ —/+ —/- —/—
41 e S e e

5 1 —/= +/+ —/= —/= =/ —/=

6 I —/= +/+ —/= /= —/= —/=

GroupB 1 v +/ 4 W/ + /4 +/+ —/— —/—
2 11 +/ 4 /4 +/+ +/+ —/- —/=

3 v /4 1/ + +/ 4 +/+ —/= -/

4 v +/ 4 /4 +/+ +/+ —/- ~/-

5 I11 + /4 W/ 4 #+/+ +/+ —/— —/—

6 Iv +/+ #/# +/+ +/+ —/= —/=

7 v +/+ #/+ +/+ +/+ —/ - —/=

8 LI +/ 4 +/+ +/+ +/+ —/— —/—

9 HI —/= +/+ +/+ —/= —/— —/=

10 1 /4 +/+ +/+ —/— —/= —/=

11 v +/+ #/+ +/+ +/+ —/— —/=

12 I +/+ #/+ #/+ +/+ —/= -/
GroupC 1 Iv —/— —/— +/— —/— —/— — /-
2 v /= +/+ —/= —/= —/= —/=

3 v —/= +/+ —/= /= —/= —/=

4 v +/+ #/+ +/+ —/= —/= —/=

5 I —/—= +/+ +/+ —/— —/— —/—

6 IV /= /= /= == ==
GroupD 1 —/— —/— —/— — /= —/— —/—
2 ~/= 4= == == == /-

3 —/n.d. +/n.d. —/n.d. —/n.d. —/n.d. —/n.d.

4 nd./— nd./— nd./— nd./— nd./— nd./—

5 e R e Y

6 —/n.d. + /n.d. + /n.d. —/n.d. —/n.d. —/n.d.

Group A, B and C denote patients with RA showing early synovitis, active
synovitis and fibrotic synovitis.

Group D denotes patients with osteoarthritis.

The expression of protein or mRNA on the cell types of synovium was graded as-
(positive cells< 0, 1+ [0 < positive cells<25%,], 2+ [25%, < positive cells<50%,], 3+
[50%, < positive cells]).

n.d., not done.

aantigenic MCAF/MCAF mRNA.

SLC, synovial lining cell; Mg, macrophage; PMN, polymorphonuclear cell; Ly,
lymphocyte.
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Fig. 3. Expression of IL-8 and MCAF genes.
A, B and C show IL-8 mRNA in RA synovium at an early synovitis, an active
synovitis and a fibrotic synovitis. D, E and F show MCAF mRNA in RA
synovium at an early synovitis, an active synovitis and a fibrotic synovitis.
(A, B, C, E, F, original magnification x400; D, original magnification x 200)

also tested in each specimen from synovium. Results revealed that the existence
of MCAF mRNA was rare in most cells except monocyte at an early stage (Table
2, Fig. 3D). Most cells composed of synovial tissues, however, began to produce
MCAF 1n active synovitis (Fig. 3E). On the other hand, MCAF mRNA as well
as IL-8 were not existent in OA synovial tissues.

Discussion

In the present study, we should the participational 1L-8 in RA synovium and
MCAF in RA synovium, where the samples are classified into three groups based
mainly on their histopathological findings in the joints (Yates and Scott 1975).
The histological findings of rheumatoid synovium are characterized by extensive
invasion of proliferation of inflammatory cells which are responsible for the
process of cytokine production (Krane and Simon 1986; Harris 1990). The
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resulting destruction of joints is mainly mediated by proteolytic enzymes which
are released from monocytes/macrophages, fibroblasts, and neutrophils (Harris
1990). It has been well documented that neutrophils and macrophages are
activated by IL-8 or MCAF, and our data confirm that the levels of IL-8 and
MCAF in synovial fluid are markedly high, but those in sera are low (Koch et al.
1991, 1992; Akahoshi et al. 1993), although 1t was shown the expression of IL-8
mRNA was elevated in peripheral blood from patients with RA (Koops et al.
1997). These indicate I1L-8 and/or MCAF might be derived from synovial cells
in RA. By using immunohistochemistry and ISH techniques, we suggest here
that IL-8 and MCAF are produced by synovial lining cells, migrated monocytes,
sublining fibroblasts, and endothelial cells, in the synovium of RA joints. I1.-8-
and MCAF-producing cells are regarded as the same type of cells as shown by
results in histological studies.

It has been demonstrated that both IL-8 and MCAF play an important role
in the promotion of inflammation, and that the prolonged inflammation in RA is
required for the continuous activation of the cells mentioned above. Our results
may explain at least in part the mechanism associated with the extensive cell
infiltration or activation of the inflammatory cells in an active phase of RA.

We also analyzed the distribution patterns of IL-8 and MCAF mRNA at an
early stage of the disease, when an increased number of synovial lining cells is
observed along with perivascular infiltration with lymphocytes. Extensive data
has indicated that inflammation occurring at the initial stage may be attributable
to tissue-infiltrating CD4(+) T cells. The cytokine from T cell origin such as
IL-2 or IFN-y are, however, present at low concentrations in RA joints (Firestein
and Zvaifler 1990) or rather, IL-13, TNF-« and other cytokines secreted from
macrophages or other cells may account for the progression of the inflammation in
the joints (Cutolo et al. 1993). It may be noted here that I1.-8 was restrictedly
positive in synovial lining cells except a small number of macrophages, indicating
that IL-8, a chemokine, participates in the inflammatory process at an early stage
of RA, when monocyte/macrophages are not yet prominent in the tissues. These
findings are compatible with the findings in experimental arthritis induced by
LPS and IL-18 (Akahoshi et al. 1994), indicating that synovial lining cells may
be a target for the stimulation with some agents associated with RA in an early
stage and the resulting stimulus with IL-14 or other cytokines induce the produc-
tion of IL-8 or MCAF from SLE or macrophages (Hachicha et al. 1993; Rath-
anaswami et al. 1993). Thus, local production of IL-8 in SLC can evoke
inflammation causing pathologic and clinical manifestation in an early stage of
RA. MCAF may then enhance synergenically with IL-8 and maintain the
inflammation at an active phase.

Acknowledgments

We thank Miss Y. Oikawa and M. Nishikawa for preparing the manuscript. This work



IL-8 in RA Synovium 85

was supported by a grant-in aid for Scientific Research from the Ministry of Education,
Science, Spots and Culture, and by a research grant for Rheumatoid arthritis and for
Rheumatoid autoimmune diseases from the Ministry of Health and Welfare, Japan.

10)

11)

12)

13)

14)

References

Akahoshi, T., Wada, C., Endo, H., Hirota, K., Hosaka, S., Takagishi, K., Kondo, H.,
Kashiwazaki, S. & Matsushima, K. (1993) Expression monocyte chemotactic and
activating factor in rheumatoid arthritis. Arthritis Rheum., 36, 762-TT1.

Akahoshi, T., Endo, H., Kondo, H., Kashiwazaki, S., Kasahara, T., Mukaida, N,
Harada, A. & Matsushima, K. (1994) Essential involvement of interleukin-8 in
neutrophil recruitment in rabbits with acute experimental arthritis induced by
lipopolysaccharide and interleukin-1. Lymphokine Cytokine Research, 13, 113-116.
Arnet, F.C., Edworthy, S.M., Bloch, D.A, McShone, D.J., Fries, J.E., Cooper, N.S.,
Healey, L.A., Kaplan, S.R., Llang, M.H., Luthra, H.S., Medsqer, T.A., Jr., Mitchell, D.
M., Neustadt, D.H., Pinals, R.S., Schaller, J.G., Shorp, J.T., Wilder, R.L. & Hunder,
G.G. (1988) The American rheumatism association 1987 revised criteria for the
classificationi of rheumatoid arthritis. Arthritis Rheum., 31, 315-324.

Brennan, F.M., Zachanae, C.0.C., Larsen, C.G., Turner, M., Maini, R.N., Matsushima,
K. & Feldmann, M. (1990) Detection of interleukin 8 biological activity in synovial
fluids from patients with rheumatoid arthritis and production of interleukin 8 mRNA
by isolated synovial cells. Eur. J. Immunol., 20, 2141-2144.

Chathan, W.W ., Swaim, R., Frohsin, M, Jr., Wech, L.W., Miller, E.J. & Blacburn, W.
D., Jr. (1993) Degradation of human articular cartilage by neutrophils in synovial
fluids. Arthritis Rheum., 36, 51-58.

Cushing, S.D., Berliner, J.A., Valente, A.J., Territo, M.C., Naval, M., Parhami, F.,
Gerrity, R., Schwartz, C.J. & Fogelman, A. (1990) Minimaly modified low density
lipoprotein induces monocyte chemotactic protein 1 in human endothelial cells and
smooth muscle cells. Proc. Natl. Acad. Sci. USA, 87, 5134-5138.

Cutolo, M., Sulli, A., Barone, A., Seriolo, B. & Accardo, S. (1993) Macrophages,
synovial tussue and rhumatoid arthritis. Clin. Exp. Rheumatol., 11, 331-339.
Deleuran, B., Lemche, P., Kristensen, M., Chu, C.Q., Field, M., Jensen, J., Matsushima,
K. & Stengard-rederson, K. (1994) Localisation of interleukin 8 in the synovial
membrane, cartilage-pannus junction and chondrocytes in rheumatoid arthritis.
Scand. J. Rheumatol., 23, 2-1.

Digiovini, F.8., Nuki, G. & Duff, G.W. (1988) Tumor necrosis factor in synovial
exdates. Ann. Rheum. Dis., 47, 768-T72.

DiFeldmann, M., Brennan, F.M., Chantry, D., Haworth, C., Turner, M., Abney, E.,
Buchan, G., Barret, K., Barkley, D., Chu, A., Field, M. & Maini, R.N. (1990)
Cytokine production in the rheumatoid joint: Inplication for treatment. Ann.
Rheum. Dns., 49, 480-486.

Fernandes, H.N., Henson, P.M., Otani, A. & Hubli, T.E. (1978) Chemotactic
response to human C3a and CbHa anaphylatocins. I. Evaluation of C3a and Cba
leukotaxis in vitro and under stimulated in vivo conditions. J. Immunol., 120, 109-
115.

Firestein, G.8. & Zvaifler, N.J. (1990) How important are T cells in chronic
rheumatoid synovitis ¢ Arthritess Rheum., 33, 768-773.

Fontana, A., Hengartner, H., Wever, E., Fehr, K., Grob, P.J. & Cohen, G. (1989)
Interleukin-1 a activity in synovial fluid of patients with rheumatoid arthritis.
Rheumatol. Int., 2, 49-53.

Hachicha, M., Rathanswami, P., Schall, T.J. & McColl, S.R. (1993) Production of
monocyte chemotactic protein-1 in human type B synoviocytes. Arthritis Rheum.,
36, 26-34.



86

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Y. Takahashi et al.

Harris, E.D., Jr. (1990) Rheumatoid arthritis. Pathophysiology and implications
for therapy. N. Engl. J. Med., 322, 1277-1289.

Jones, A K.P., Al-Janabi, M.A., Solanki, K., Sobnack, R., Greenwood, A., Doyle, D.V.,
Britton, K.E. & Hushisson, E.C. (1991) In vitro leukocyte migration in arthritis.
Arthritis Rheum., 34, 270-275.

Kasahara, T., Mukaida, N., Yamashita, K., Yagisawa, H., Akahoshi, T. & Matsushima,
K. (1991) IL-1 and TNF-« induction of IL-8 and monocyte chemotactic and activat-
ing factor (MCAF) mRNA expression in human astrocytoma cell line. Immunology,
74, 60-67.

Ko, Y.-C., Mukaida, N., Panyutic, A., Voitenok, N.N., matsushima, K., Kawai, T. &
Kasahara, T. (1992) HEstablishment of a sensitive enzyme-linked immunosorbent
assay for human interleukin 8. J. Immunol. Methods, 149, 227-235.

Koch, A.E., Kunkel, S.L., Burous, J.C., Evanoff, H.L.., Haines, G.K., Pope, RM. &
Strieter, R.M. (1991) Synovial tissue macrophage as a sourse of the chemotactic
cytokine IL-8. J. Immunol., 147, 2187-2195.

Koch, A.E., Kunkel, S.L.., Harlow, L.A., Johnson,B., Evanoff, H.L., Haines, G.K,,
Burdick, M.D., Pope, R.M. & Strieter, R. (1992) Enhanced production of monocyte
chemoattractant protein 1 in rheumatoid arthritis. J. Clin. Inwvest., 90, 72-79.
Koops, H.S., Davis, L..S., Kavanaugh, A.F. & Lipsky, P.E. (1997) Elevated cytokine
messenger RNA levels in the peripheral blood of patients with rheumatoid arthritis
suggest different degrees of myeloid cell activation. Arthritis Rheum., 40, 639-647.
Krane, SM. & Simon, L.S. (1986) Rheumatoid arthritis: Clinical features and
pathogenic mechanism. Med. Clin. North Am., 70, 263-284.

Kumkumian, G.K., Lafyatis, R., Remmers, E.F., Case, J.P., Kim, S.-J. & Wilder, R.
L. (1989) Platelet-derived growth factor and IL-1 interactions in rheumatoid arthri-
tis.  J. Immunol., 143, 833-8317.

Matsushima, K., Morishita, K., Yoshimura, T., Lavu, S., Kobayashi, Y., Lew, W.,
Appella, E., Kung, H.F., Leonard, E.J. & Oppenheim, J.J. (1988) Molecular cloning
of a human monocyte-derived neutrophil chemotactic factor (MDNCF) and induction
of MDNCF mRNA by interleukin 1 and tumor necrosis factor. J. Exp. Med., 167,
1883-1892.

Miyamasu, M., Hirai, K., Takahashi, Y., Iida, M., Yamaguchi, M., Koshino, T.,
Takaishi, T., Morita, Y., Ohta, K., Kasahara, T. & Ito, K. (1995) Chemotactic
agonists induce cytokine generation in eosinophiles. J. Immunol., 154, 1339-1349.
Mukaida, N., Sciroo, M. & Matsushima,K. (1989) Genomic structure of human
monocyte-derived neutrophil chemotactic factor IL-8. J. Immunol., 143, 1366-1371.
Norton, A.J., Ramsay, A.D., Smith, S.H., Beverley, P.C.L. & Isaacson, P.G. (1986)
Monoclonal antibody (UCHL-1) that recognizes normal and nesphastic T cells in
routhenely fixed tissues. J. Clin. Pathol., 39, 399-405.

Norton, A.J. & Isaacson, P.G. (1987) Monoclonal antibody L26: an antibody that is
reactive with normal and reoplastic B lymphocytes in routinely fixed and paraffin wax
embedded tissues. J. Clen. Pathol., 40, 1405-1412.

Pulford, K.A.F., Rigney, E.M., Michlem, K.J., Jone, M. & Stross, W.P. (1989) KP-1:
A new monoclonal antibody that detects a monocyte/macrophage associated antigen
in routinely processed tissue section. J. Cln. Pathol., 42, 414-421.

Rathanaswami, P., Hachicha, M., Wang, W.L., Schall, T.J. & McColl, S. (1993)
Synergistic effect of interleukin-143 and tumor necrosis factor « on interleukin-8 gene
expression in synovial fibroblast. Arthrites Rheum., 36, 1295-1304.

Schiffmann, E., Corcoran, B.A. & Wahl, SM. (1975) N-formylmetionyl peptides as
chemoattractants of leukocytes. Proc. Natl. Acad. Sci. USA, 72, 1059-1062.

Seitz, M., Dewald, B., Gerber, N. & Baggioloni, M. (1991) Enhanced production of
neutroophil-activating peptide-1/interleukin-8 in rheumatoid arthritis. J. Clin.
Invest., 87, 463-469.



33)

34)

35)

36)

37)

IL-8 in RA Synovium 87

Waage, A., Kaufmann, C., Espevik, T. & Husby, G. (1988) Interleukin 6 in synovial
fluids from patients with arthritis. Clin. Immunol. Immunopathol., 50, 394-398.
Walz, A., Peveri, P., Aschauer, H. & Baggiolini, M. (1987) Purification and
aminoacid sequencing of NAF, a novel neutrophil-activating factor produced by
monocytes. Biochem. Biophys. Res. Commun., 149, 755-761.

Xu, W., Firestein, G.S., Taetle, R., Kaushansky, K. & Zvaifler, N.J. (1989) Cyto-
kines in chronic inflammatory arthritis. II. granulocyte-macrophage colony stimulat-
ing factor in RA. J. Clin. Invest., 83, 876-882.

Yates, D.B. & Scott, J.T. (1975) Rheumatoid synovitis and joint disease. Ann.
Rheum. Dis., 34, 1-6.

Yoshimura, T. & Leonard, E.J. (1990) Secretion by human fibroblasts of monocyte
chemoattractant protein 1, the product of gene JE. J. Immunol., 144, 2377-2383.




