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Abstract
Objective
To evaluate the expression of interleukin-10 (IL-10) and interleukin-10 receptor (IL-10R) on chondrocytes
from healthy, osteoarthritic, and foetal cartilage from human subjects.

M ethods
Articular cartilage was obtained from 12 patients with osteoarthritis (OA) undergoing surgical knee
replacement. Chondrocytes were isolated from the two zones of cartilage showing macroscopically and
histologically the lowest (MIN) and highest (MAX) extent of osteoarthritic damage. Additional specimens
of cartilage were obtained from 3 healthy donors and 3 human foetuses.

IL-10 mRNA expression was determined by a reverse transcriptase-polymerase chain reaction (RT-PCR).
For detection of intracellular 1L-10 protein, chondrocytes were permeabilized and then incubated with
R-phycoerythrin (PE) conjugated rat anti-human IL-10 mAb. Cell surface IL-10R was detected by incuba-
tion with biotinylated recombinant human IL-10; after washing, bound IL-10 was revealed by fluorescein
(FITC) conjugated streptavidin. Positive chondrocytes were analysed by flowcytometry.

Results
IL-10 mRNA expression was higher in osteoarthrtic than in normal chondrocytes. I1L-10 protein intra-
cellular levels were significantly higher in MAX than in MIN osteoarthritic cartilage or in healthy carti-
lage. Cell surface IL-10R was expressed on osteoar thritic chondrocytes with no difference in the degree
of cartilage damage. The highest levels of IL-10 protein and IL-10R were found in foetal cartilage.

Conclusion
Human chondrocytes synthesise IL-10 and express on their surface IL-10R. Since |L-10 inhibits IL-1 and
TNF- expression, its upregulation in osteoarthritic chondrocytes may counteract the detrimental effects
of these catabolic cytokines. However, the functions of IL-10 in cartilage may go beyond those activities
established in theimmunological setting. The high levels of 1L-10 and IL-10R in foetal cartilage, an active
growing tissue, suggest that IL-10 may play a role in controlling chondrocyte metabolism under physiolo-
gical conditions.
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Introduction

Under physiological conditions, human
adult articular cartilage is a tissue with
low metabolic activity, with synthesis
and degradation processes in perfect
equilibrium. In the initial stage of
osteoarthritis (OA) this fine balance
breaks down and chondrocyte metabo-
lism increases, perhaps in an attempt to
restore normal homoeostasis (1). Chon-
drocyte activation leads to an increased
production of an array of cytokines and
growth factors that stimulate both new
cartilage formation and degradation of
extracellular matrix (ECM) compo-
nents, the fina effect being the de-
rangement of the ECM framework and
cartilage failure (2).

The effect of some of these mediators
on cartilage is well established. IL-1
and TNF- are catabolic cytokines, as
they have been shown to inhibit proteo-
glycan synthesis and to promote metal -
|loprotease production by chondrocytes
(3). On the contrary, growth factors
such as IGF-1, bFGF, TGF- and BMP
family members stimulate the deposi-
tion of new cartilage matrix (4, 5).

The role of interleukin-10 (IL-10) on
cartilage metabolism is less well de-
fined (6, 7). IL-10 isapleiotropic cyto-
kine encoded by human chromosome 1
(8) that acts on a variety of cell types,
exerting either suppressive or stimula
tory effects. IL-10 downregulates IL-2
and IFN-gamma synthesis by Thl1 T
cells (9), reduces the antigen-present-
ing ability of monocytes (10), and
inhibits the production of IL-1, IL-6,
IL-8, and TNF- by monocytes and
macrophages (11). Furthermore, 1L-10
upregulates IL-1 receptor antagonist
production by monocytes (12). In addi-
tion to these inibitory effects, IL-10 has
been shown to have stimulatory func-
tions, asit induces the differentiation of
B cells and immunoglobulin secretion
(13). IL-10 binds a specific cell surface
receptor (IL-10R), which is atetramer-
ic complex made up of two IL-10R1
and two IL-10R2 chains (14) and is
encoded by chromosome 11 (15).

Few studies have explored the effect of
IL-10 on chondrocytes. IL-10 can pre-
vent cartilage destruction induced by
IL-1and TNF- (14) and directly stim-
ulate the proteoglycan synthesis of arti-
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cular cartilage explants (17). The ex-
pression of IL-10R on articular chon-
drocytes has been never investigated so
far.

In this study, we evaluated the expres-
son of IL-10 and IL-10R in human
articular chondrocytes from healthy
donors and OA patients in relation to
the degree of cartilage destruction. Hu-
man foetal cartilage was also studied in
order to explore the putative role of IL-
10 signalling in non-damaged, develo-
ping cartilage.

Patients and methods

Cartilage specimens

Articular cartilage was obtained from
12 OA patients with “genu varum” (9
females, 3 males, age 54-72 years) un-
dergoing surgical knee replacement.
The joint surface was subdivided into
two zones showing the lowest (MIN)
and highest (MAX) degree of osteoar-
thritic damage, and samples were taken
from each zone. The articular cartilage
inthe MIN zone resembled normal car-
tilage with atranducent, smooth, intact
surface; in the MAX zone the cartilage
surface was yellowish, softened and
fibrillated.

Macroscopic findings were validated
by histological studies performed on
full-thickness specimens biopsied from
each zone and stained with safranin-O,
toluidine blue, and hematoxylin-eosin
(Fig. 1). The degree of microscopic
cartilage damage was evaluated using
the Mankin grading scheme (1).
Healthy knee cartilage from 3 human
donors (all males, age 18-33 years) and
costal cartilage from 3 human foetuses
(13 weeks old) were also studied. Intra-
cellular expression of type | and typell
collagen in foetal costal chondrocytes
was evaluated by flowcytometry (anti-
human type | and type Il collagen
mAbs, Chemicon, Temecula, CA).

Chondrocyte isolation

Chondrocytes were isolated as des-
cribed elsewhere (18). Briefly, chon-
drocytes were released from the carti-
lage matrix by hyaluronidase (0.2%, 30
min., 37°C, Sigma), pronase (0.25%,
90 min., 37°C, Sigma) and collagenase
(0.2%, 3 hours, 37°C,Sigma) enzymat-
ic digestion. More than 95% of the
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Fig. 1. Photomicrographs of safranin-O-stained histological sections of zones with macroscopically
defined minumum (a) and maximum (b) damage in typical osteoarthritic cartilage (origina magnifica-
tion x 60). In (a) adiffuse staining of the cartilage is present, while in (b) thereis an evident hypocellu-
larity together with a severe reduction of the safranin-O-staining, which in some areasis amost absent.

chondrocytes were viable (Trypan blue
exclusion test) after their isolation.

IL-10 reverse transcriptase-
polymerase chain reaction (RT-PCR)
Human articular chondrocytes were
obtained from the knee joints of 2
healthy donors and 2 osteoarthritic
patients. Total RNA was extracted and
purified using TRIzol reagent (Life
Technologies) according to the manu-
facturer’s protocol. cDNAs were ob-
tained by reverse transcriptionof 1 g
of total RNA using Thermoscript (Life
Technologies) with oligo(dT) primer,
and equalized for the expression of the
housekeeping gene -actin. cDNAs
were added to the following PCR mix-
ture: 0.5 UTaqg polymerase (Eurogen-
tech), 0.2 mrnol/L dNTPs, 2.5 mg/ml
specific primers, 1.5 mmol/L Mg/Cl,.
A negative control (water) was includ-
ed for every PCR anaysis. The PCR

reaction was carried out in a Perkin El -
mer thermal cycler 9600. After 1 min-
ute denaturation at 95°C, cycles (19 for
-actin and 35 for IL-10) were 10 sec-
onds at 94°C, 10 seconds at 60°C, and
30 seconds at 72°C. Cycling was fol-
lowed by 10 min elongation at 72°C.
Primers for -actin were: sense primer
5 -TGACGGGGTCACCCACACTGT-
GCCCATCTA-3'; reverse primer 5'-
CTAGAAGCATTTGCGGTGGAC-
GATGGAGGG-3'. Primers for 1L-10
were: sense primer 5-ACCAAGAC-
CCAGACATCAAG-3'; reverse primer
5'-GAGGTACAATAAGGTTTCT-
CAAG-3 (19). PCR products were
electrophoresed in 1.5% agarose gel in
TBE (Tris-borate/EDTA) electrophore-
sis buffer, stained with ethidium bro-
mide, visualized by UV transillumina-
tion, and analysed by densitometry.
Amplification products were 352 bp for
IL-10 and 661 bp for -actin (Fig. 2).

Nor mal

OA

Fig. 2. Interleukin-10 (IL-10) and

-actin mRNA expression in norma (lanes 1 and 2) and

osteoarthritic (OA) (lanes 3 and 4) human articular chondrocytes. Negative control isin lane 5. Ampli-
fication products were 352 bp for IL-10 and 661 bp for -actin. IL-10 mRNA is expressed by chondro-

cytes at higher levelsin OA than in normal cartilage.
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Intracellular IL-10 detection

Freshly isolated chondrocytes were re-
suspended in PBS containing 0.1%
sodium azide and 0.2% bovine serum
albumin, and blocked by incubating
with 2% norma human serum (Ad-
vanced Protein Products, UK). After
fixation with paraformaldehyde and
permeabilization with saponin (Fix &
Perm Cell Permeabilization Kit, Calt-
aglLab, Burlingame, CA), chondrocytes
were incubated for 20 min at 4°C with
5 ml of R-phycoerythrin (PE) conjugat-
ed rat anti-human 1L-10 mAb (Pharm-
ingen, San Diego, CA). Control sam-
ples were incubated with rat 1gG1-
FITC/lgG2-PE (DAKO, Denmark).
Stained cells were analysed on a FAC-
Scan (Lysis 2, Becton Dickinson,
Mountain View, CA). The FACS set-
ting was identical throughout the study.

IL-10 receptor (IL-10R) expression
Freshly isolated chondrocytes were
incubated with biotinylated recombi-
nant human IL-10 (rhIL-10) (Gen-
zyme, Cambridge, MA) ovenight at
room temperature and, after washing,
bound IL-10 was detected by incuba
tion with fluorescein (FITC) conjugat-
ed streptavidin for 20 min at 4°C. Posi-
tive chondrocytes were analysed by
flowcytometry.

Satistical analysis

Results are shown asthe mean £ 1 SD
(standard deviation). The statistical dif-
ference among the distinct specimens
of cartilage was assessed using a two-
way ANOVA with LSD (least square
differences) range test. The signifi-
cance level was set at p < 0.05.

Results

Interleukin-10 (IL-10) mRNA
expression

Human articular chondrocytes express
IL-10 mRNA. Expression levels were
higher in OA cartilage than in healthy
cartilage as analysed by semi-quantita-
tive RT-PCR (Fig. 2).

Interleukin-10 (IL-10) expression

Intracellular IL-10 protein was detect-
ed in all the chondrocyte specimens
and expressed both as a percentage of
positive chondrocytes and as the mean
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Fig. 3. Percentage (%) and mean fluorescence intensity (mif) of chondrocytes expressing intracellular
IL-10 protein in healthy cartilage (HD), in the lowest (MIN), and highest (MAX) damaged zones of
osteoarthritic cartilage. Values are expressed asmeans+ 1 SD.

H

A

Fig. 4. Fluorescence intensity
for intracellular IL-10 from
healthy cartilage (panel A),
from osteoarthritic cartilage
with minimal (panel B) and
maximum (panel C) anatomic
damage, and from a foetal car-
tilage (panel D). Negative con-
trol histograms (a non-binding
mAb) are shown on the left.
Thelongitudinal axis showsthe
percentage of chondrocytes
positive for intracellular 1L-10
and the horizontal axis the
mean channel fluorescence. IL-
10 protein expression is defi-
nitely low in normal adult and
in minimally damaged osteoar-
thritic cartilage and progres-
sively increases in maximally
damaged osteoarthritic and in
foetal cartilage.
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intensity of fluorescence (mif) (Fig. 3).
The percentage of 1L-10 positive chon-
drocytes was significantly higher in
MAX (20.1% + 7) than in either MIN
osteoarthritic articular cartilage (11.8%
+7,p <0.01) or in heathy articular car-
tilage (10.1 % + 4,p < 0.01). No signif-
icant difference between healthy chon-
drocytes and MIN osteoarthritic chon-
drocytes was found. An identical pat-
tern of expression was found when
intracellular 1L-10 was evaluated as
mif, which is a measure of the density
of the antigen per cell. Chondrocyte IL-
10 mif was significantly higher in
MAX (8.2 = 3) than in both MIN oste-
oarthritic cartilage (5.8 £ 2, p < 0.01)
and healthy chondrocytes (4.9+ 2, p<
0.01). Once again, IL-10 mif did not
differ between healthy cartilage and
MIN osteoarthritic cartilage.

In Figure 4 representative histograms
of the fluorescence intensity for intra-
cellular 1L-10 expressed by chondro-
cytes from healthy, osteoarthritic, and
foetal cartilage are shown.

Interleukin-10 receptor (IL-10R)
expression

The percentage of osteoarthritic chon-
drocytes bearing on their surface IL-
10R is shown in Figure 5. IL-10R ex-
pression was 32.5% + 15 in MAX and
30.2% +12 in MIN cartilage; the differ-
ence was not statistically significant.
The fluorescence intensity for IL-10R
was also similar in MAX (9.6 £3) and
MIN (9.8 £ 3) osteoarthritic chondro-
cytes.

Cdl surface IL-10R was detected by
binding studies using biotin-conjugated
rhlL-10. In order to verify the specifici-
ty of 1L-10 binding, chondrocytes were
incubated with increasing amounts of
rhiL-10. As shown in Figure 6, I1L-10
binding reached a plateau, demonstrat-
ing that 1L-10 binding on chondrocytes
is mediated by specific receptors that
undergo saturation with concentrations
of IL-10 ranging between 2 and 2.4

g/ ml.

Foetal chondrocytes

Foetal chondrocytes (Fig. 7) expressed
high levels of intracellular type |l colla-
gen (92 £ 5%) and low levels of type |
collagen (7 £ 3), indicating that these
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IL-10R
Fig. 5. Percentage (%) and mean fluorescence intensity (mif) of chondrocytes expressing cell surface

IL-10R in the lowest (MIN) and highest (MAX) damaged zones of osteoarthritic cartilage. Values are
expressed as means + 1 SD.
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Fig. 6. Percentage (A) and fluorescence intensity (B) for rhiL-10 of chondrocytes showing the expres-
sion of IL-10 receptors that are saturated by increasing amounts of rhiL-10.
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cells were aready differentiated chon-
drocytes. Moreover, foetal chondro-
cytes had the highest levels of intracel -
lular IL-10 protein (33.9% +8, mif 17.5
+3) and the highest expression of cell
surface IL-10R (54.8% 15, mif 15.4 +
4).

Discussion

In this study we have shown that hu-
man articular chondrocytes produce
IL-10 and express its receptor (IL-
10R). By semi-quantitative RT-PCR
analysis, 1L-10 mRNA expression was
demonstrated to be higher in osteoarth-
ritic than in normal cartilage. The lev-
es of intracellular IL-10 protein were
low in healthy articular cartilage and
progressively increased in osteoarthrit-
ic cartilage based on the extent of ana-
tomic damage. The significant increase
in IL-10 expression in the osteoarthritic
cartilage was expressed in both the per-
centage of chondrocytes and the fluo-
rescence intensity per cell. The former
indicates a recruitment of new chon-
drocytes producing IL-10 and the latter
suggests that an upregulation of 1L-10
transcription occurs in cartilage during
OA. No regulation of IL-10R expres-
sion was found in osteoarthritic chon-
drocytes.

IL-10 activates a wide range of func-
tional responses in different cell types,
inducing either inhibitory or stimulato-
ry effects such as downregulating IL-1
and TNF- synthesis by monocytes
(11) or promoting the growth and dif-
ferentiation of B cells (13). Recently,
IL-10 has been detected by immuno-
histochemistry in osteoarthritic carti-
lage within and around chondrocytes
and its expression was inversely corre-
lated with TNF- immunoreactivity
(20). In the latter study, I1L-10 expres-
sion did not differ between healthy car-
tilage and macroscopically normal ost-
eoarthritic cartilage, which is consis-
tent with our flowcytometry datawhich
showed similar levels of intracellular
IL-10 in healthy chondrocytes and in
chondrocytes from osteoarthritic carti-
lage with minimal anatomic changes.
Joosten et al. have shown that in mur-
ine collagen-induced arthritis (CIA)
IL-10 administration can prevent carti-
lage destruction by reducing IL-1 and
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showing the expres-
sion of IL-10 recep-
tors that are saturated
by increasing amounts
of rhiL-10.
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TNF- mRNA expression in articular
chondrocytes, whilst neutralizing anti-
IL-10 antibodies accelerate the onset
and enhance the severity of CIA (16).
In addition, 1L-10 has been shown to
directly stimulate proteoglycan synthe-
sis by human chondrocytes in vitro
(17), without affecting the production
of collagenase 3 (21). Therefore, it is
conceivable that raised I1L-10 levelsin
osteoarthritic chondrocytes could coun-
teract the degradative effects of the
proinflammatory cytokines TNF- and
IL-1, which could induce IL-10 pro-
duction as in rheumatoid arthritis syn-
ovitis (22). However, in human fibrob-
last cells which, like chondrocytes,
have a mesenchymal origin [and it is
well known that articular chondrocytes
during in vitro passaging undergo a
dedifferentiation process towards a
fibroblast-like phenotype (23)], IL-10
downregulates type | collagen mRNA
expression and enhances collagenase
and stromelysin gene expression (24).
This diversity of response indicatesthat
downstream events following IL-10
binding may vary depending on the cell
target phenotype and on the environ-
ment of that cell.

We also investigated the expression of
IL-10R by hinding experiments, using
biotin-IL10 labeled with streptavidin-
FITC. We have shown that the binding

is specific as increasing concentrations
of I1L-10 lead to saturation of the cell
receptor. The level of expression of IL-
10R on chondrocytes did not change
with the progression of osteoarthritic
injury. A similar phenomenon in
osteoarthritic chondrocytes has been
demonstrated for insulin-like growth
factor 1 (IGF-1) (25) and its receptor
(24), since IGF-1 expression increases
with cartilage damage, whereas |GFR-
1 remains unmodified.

In OA the metabolism of cartilage is
enhanced. Cell cycle studies have
shown that the proportion of chondro-
cytes in the S-phase increases with the
progression of cartilage injury (18).
Furthermore, the expression of nuclear
Ki-67 antigen, amarker of proliferative
activity, is higher in osteoarthritic carti-
lage than in healthy cartilage (20). We
wondered whether the extent of IL-10
expression might be related to the state
of cell activation and whether 1L-10
may play a physiological role in chon-
drocyte metabolism. It has already
been shown that IL-10 induces the
growth and differentiation of B cells by
stimulating DNA replication and im-
munoglobulin production (13). To
address this issue, we evaluated IL-10
and IL-10R expression in foetal carti-
lage, an example of non-pathologic
cartilaginous tissue with high metabol-
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ic activity. The chondrocyte phenotype
of foeta cells was confirmed by flow
cytometry showing high intracellular
levels of type Il collagen. In al the
specimens of foetal chondrocytes, IL-
10 protein levels and IL-10R expres-
sion were much higher than in healthy
and osteoarthritic chondrocytes. Obvi-
oudly, the presence of IL-10 in foetal
chondrocytes leads one to speculate on
functions other than those played in
osteoarthrtic cartilage. These findings,
together with the observation that IL-
10 stimulates chondrocytes to produce
proteoglycansin vitro (17), would sug-
gest that IL-10, beside exerting anti-
inflammatory activity, can also act as a
“growth factor” on chondrocytes and
that it may play arolein the differentia-
tion of these cells. It is conceivabl e that
during cartilage development IL-10
may be involved in tissue differentia-
tion and maturation; its production then
decreases in healthy mature cartilage,
and again increases in osteoarthritic
cartilage when chondrocyte metabo-
lism is enhanced.

Our study provides evidence that chon-
drocytes synthesise IL-10 and that its
production is significantly increased in
osteoarthritic cartilage. Its action prob-
ably restores normal chondrocyte func-
tions by inhibiting the catabolic effects
of IL-1 and TNF- and by directly sti-
mulating the production of ECM com-
ponents by chondrocytes. The high lev-
els of IL-10 found in normal foeta
chondrocytes, cells by definition with
high proliferative and metabolic activi-
ty, further corroborates the hypothesis
that articular chondrocytes during OA
undergo a metabolic boost. We have
also shown for the first time that human
articular chondrocytes express IL-10R.
A better knowledge of therole of IL-10
in the pathogenesis of OA might be
gained through a deeper understanding
the physiological role of this cytokine.
This could then allow us to explore
novel therapeutic strategies for the
trestment of OA.
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