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Abstract To study the effect of synthetic lipid A on the
expression of the adhesion molecule CD44 in synovium and
cartilage, synthetic lipid A (10ug/ml, 0.5ml) diluted in
0.025% triethylamine (TEA) was injected into the left knee
of male Wistar rats. The equivalent volume of 0.025% TEA
was injected simultaneously into the right knee of the same
rat as a control. The numbers of infiltrating neutrophils and
mononuclear cells in the synovium were counted, and the
expression of CD44 was detected immunohistochemically.
Infiltration of neutrophils in the synovium of the knee
reached a maximum at 12h after intraarticular injection of
lipid A (78.4 £ 5.6 cells/400X field), and had subsided at 7
days after injection (2.1 * 0.6). CD44 expression in the
lining cells of the synovium was detected 24 h after injection
(2.5 £ 0.3 cell layers), and it lasted 7 days after injection (2.6
= 0.4 cell layers). CD44 expression in cartilage started at
24h (69.0% = 4.6% positive area of specimen) and lasted
7 days after injection (27.3% = 3.3%). Intraarticular injec-
tion of lipid A was proven to induce acute arthritis and
CD44 expression in the synovial lining layers and articular
cartilage.

Key words Acute inflammation - CD44 - Intraarticular
injection - Lipid A

Introduction

CD44 is a cell-surface glycoprotein known to mediate cell
attachment to extracellular matrix components and specific
cell-surface ligands."” Takagi et al. suggested that CD44
might play an important role in joint destruction in rheuma-
toid arthritis (RA).” Rheumatoid synovitis is associated
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with upregulation of CD44 in the joint cartilage and syn-
ovial lining layer.*"" Sato et al. demonstrated expression of
CD44 in the synovial lining and articular chondrocytes of
mouse knee joints with collagen-induced arthritis."

Repeated injection of lipopolysaccharide (LPS) resulted
in arthritis, accompanied by elevation of serum rheumatoid
factor, in rats.” Synthetic lipid A, the bioactive moiety of
LPS, has been used to induce inflammation,"*"* and admin-
istration of lipid A in a subcutaneous air pouch induced
expression of CD44 on lining cells of the pouch wall with
infiltrating cells in the exudate.'®

The onset and the duration of CD44 expression is on
synovial lining cells or chondrocytes in the process of in-
flammation is still unclear. In this study, intraarticular injec-
tion of lipid A into rat knees was carried out and CD44
expression was studied in the synovium and cartilage in the
early phase of arthritis.

Materials and methods
Experimental animals

Male Jcl Wistar rats aged 8-11 weeks old, weighing 180-
200g, were used in this experiment.

Injection of lipid A

Synthetic Escherichia coli-type lipid A was purchased from
Daiichi Kagaku Yakuhin, Tokyo, Japan. It was dissolved in
0.025% triethylamine (TEA) at 0.01 mg/ml, and 0.5ml di-
luted lipid A was injected into the left knee of rats; 0.5ml
0.025% triethylamine was injected into the right knee of the
same rats simultaneously. The rats were killed at 2, 12, or
24h or 7 days after injection.

Histological examination

After sacrifice, the knee joints were quickly removed, fixed
in 10% neutral buffered formalin, and decalcified in 0.5M
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ethylenediaminetetraacetic acid (EDTA) (pH 7.5) for 6
weeks. Decalcified specimens were embedded in paraffin
and sectioned sagittally along the longitudinal axis of the
knee joint. Then, sections were stained with hematoxylin
and eosin (H&E). Inflammatory cell infiltration in the
synovium was quantified. The numbers of neutrophils and
mononuclear cells were counted in three randomly selected
400X microscopic fields. The mean cell number was calcu-
lated and expressed as the representative value for each
specimen.

Immunohistochemical staining

Sections from the paraffin blocks were first treated with
phosphate-buffered saline (PBS) and then with 5% normal
goat serum for 30min to reduce nonspecific background
staining. After washing with PBS three times, the sections
were incubated overnight with rat antimouse CD44 mono-
clonal antibodies (5ug/ml) (Pharmingen, San Diego, CA,
USA) at 4°C, and then at room temperature for 1h. After
washing with PBS three times, the sections were incubated
with biotinylated purified antirat IgG antibodies, then
rinsed with 0.05M tris-HCl buffer. The sections were
then incubated with peroxidase-conjugated avidine—biotin
complex, followed by the addition of diaminobenzidine
(Dojindo, Kumamoto, Japan) to develop the color, and
washed in tap water.

Loss of metachromasia in the cartilage

To observe the structure of the cartilage, toluidine blue
staining was performed.

Microscopic analysis

The maximum number of cell layers in the CD44-positive
synovial lining cell layer using immunohistochemical stain-
ing was counted in a 400X visual field. The number of
chondrocytes was counted in three random 400X visual
fields. The percentage of CD44-positive chondrocytes out
of all chondrocytes per 400X field was calculated. The
data were expressed as the average percentage of three
fields.

Statistical analysis

Student’s ¢ test was used to test the statistical significance of
differences between the correlations. P values less than 0.05
were considered to be statistically significant.

Results

Histological findings showed that synovial lining cells were
proliferated, and moderate numbers of infiltrating cells
were found in the synovial tissue. The structure of articular
cartilage was shown to be maintained with metachromasia
by staining with toluidine blue. In our specimens, only a few
layers of synovial lining were observed, but the surface of
synovial membrane was irregular or wavy. The interstitial
matrix of the synovium was edematous. The structure of the
cartilage was maintained for 7 days after injection, which
was defined as the extreme acute phase of arthritis.

Neutrophil cell infiltration was observed in the synovium
of knees injected with lipid A (10ug/ml, 0.5ml). The mean
number of infiltrating neutrophils was 43.0 = 9.3 at 2h after
injection (range, 28-60), which was significantly greater
than that in the contralateral knees injected with TEA (5.7
+2.3) (range, 2-10) (P < 0.05). Neutrophil number reached
a maximum of 78.4 + 5.6 at 12h after injection (range, 45—
110) and then gradually decreased to 2.1 = 0.6 by 7 days
after injection (range, 0-5) (Table 1).

CD44 expression in the synovial lining was detected at
24h after injection, and the mean number of CD44-positive
synovial lining cell layers was 2.5 = 0.3 (range, 1-5). The
expression lasted 7 days after injection, and the mean num-
ber of positive cell layers was 2.6 * 0.4 (range, 0-4) (Table 2).

CD44 expression in the articular cartilage was found
after 24h, and the mean percentage of positive areas of
cartilage was 69.0% * 4.6% (range, 40%-90%). CD44-
positive expression lasted for 7 days (Table 3).

Discussion

An important effect of LPS in the process of inflammation
is activation of monocytes/macrophages, resulting in the

Table 1. Inflammatory cell infiltration in the synovium of rat knees injected with lipid A or

triethylamine
Time after injection  Lipid A* Triethylamine®
Neutrophils Mononuclear cells  Neutrophils  Mononuclear cells
2h (n =3) 43.0 = 9.3% 40=*=1.0 56 =23 4.0 = 0.6
12h (n = 11) 784 £ 5.6%F 76 *13 102 + 22 22*04
24h (n = 11) 575 £ 75%  54*12 7413 3.0+05
7 days (n = 11) 21*06 5811 2106 3205

Data are number of cells per 400X fields

*Lipid A (10ug/ml, 0.5ml) was injected into the left knee
" Triethylamine (0.025%, 0.5ml) was injected into the right knee as a control
*P < 0.05 versus triethylamine injection; ** P < 0.01 versus triethylamine injection



Table 2. CD44 expression in the lining of rat knees after lipid A or
triethylamine injection
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Table 3. CD44 expression in the joint cartilage of rat knees after lipid
A or triethylamine injection

Time after Lipid A Triethylamine Time after Lipid A Triethylamine
injection (10ug/ml), 0.5ml (0.025%), 0.5ml  injection (10ug/ml), 0.5ml (0.025%), 0.5ml
2h (n = 3) 0 0 2h (n=3) 0 0

12h (n = 11) 0.7 =02 04 =02 12h (n = 10) 0 0

24h (n = 11) 2.5 = 0.3* 0.6 =02 24h (n = 10) 69.0 = 4.6* 25.0 =22

7 days (n = 11) 2.6 = 0.4% 0.8 0.2 7 days (n = 10) 27.2 + 3.3% 6.0 =27

Data are number of CD44-positive cell layers
*P < 0.01 versus triethylamine injection
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Fig. 1. Histological sections of synovium of rat knee 12h after injection
with lipid A (10ug/ml, 0.5ml) (A) and triethylamine (0.025%, 0.5ml)
(B). H&E staining. A Note the marked infiltration of neutrofils and
mononuclear cells. B Note the scattered infiltration of mononuclear
cells. Bar 20um

release of inflammatory mediators such as IL-1, IL-6, IL-8,
and tumor necrosis factor (TNF).”? Noyori et al.”
reported that systemic injection of LPS obtained from
E. coli O:14 into rats induced arthritis with elevation of
anti-O:14 antibodies and rheumatoid factor in serum
and upregulation of IL-1 in the synovium. Intra-air pouch
injection of lipid A induced inflammation of the inner wall
associated with proliferation of the lining layers with
expression of CD44,” suggesting that lipid A might stimu-
late synovial cells to induce IL-1, which in turn interacts
with synovial lining cells to induce the expression of CD44.
CD44 might play a role as an anchor of leukocytes to

Data are percentage of CD44-positive areas
*P < 0.01 versus triethylamine injection

Fig. 2. Histological sections of synovium of rat knee 7 days after
the injection with lipid A (A) or triethylamine (B). Anti-CD44
immunostaining. A Note the CD44-positive lining two cells deep.
B Note the negative staining of the lining. Bar 20 um

promote their adhesion to synovial cells. Adhering to
these cells, leukocytes produce cytokines such as IL-1 and
TNF. Furthermore, signal transduction through CD44
in mononuclear cells was reported to upregulate IL-1
synthesis.”

Stoop et al. described increased resistance to collagen-
induced arthritis (CIA) in CD44-deficient DBA/1 mice.”
According to their study, CD44-deficient mice exhibited
significant reductions in both the incidence and severity of
CIA. They concluded that CD44 seems to play an impor-
tant role in the development of arthritis, most likely by
directing leukocyte traffic to the site of inflammation.
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There are a few reports™ suggesting that intraarticular

LPS injection could induce acute arthritis. In the current
study, we used direct injection of synthetic lipid A into the
rat knee joint with simultaneous injection of TEA into the
contralateral knee. Lipid A induced inflammatory cell infil-
tration in the injected knees, compared to the contralateral
knees injected with the vehicle alone. These results suggest
that cell infiltration was not induced by a systemic immuno-
logical pathway but by a local reaction.

Concerning the time course of CD44 expression and
arthritis, Sato et al. reported that CD44 was detected in
synovial lining cells and chondrocytes were detected in knee
joints 3 weeks after immunization, and that expression in-
creased in a time-dependent manner in mice with CIA."” In
the current study, acute inflammatory cell infiltration
reached a peak at 12h and had subsided 7 days after
injection; CD44 expression in synovial lining cells and
chondrocytes started at 24h, accompanied by infiltration of
polymorphonuclear cells. Even after polymorphonuclear
cells decreased, CD44 expression persisted.

Several studies have reported that CD44 expression was
detected in animal models of chronic inflammation.'>'**" In
the present study, the results indicated that CD44 expres-
sion appeared in the acute phase of inflammation and was
maintained for the following period, which suggests that
CD44 also might play an important role in the acute phase
of inflammation.
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