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Abstract
Objective

To clarify and evaluate the possible role of interleukin-10G (IL-10G) and interleukin-10R (IL-10R) microsatellite
polymorphisms of IL-10 gene in knee osteoarthritis (OA).

Methods
This was a case-control study. Our population consisted of 132 patients with primary knee osteoarthritis who had

undergone total knee replacement (TKR) and 165 unaffected controls. Peripheral blood was used to extract
genomic DNAand the IL-10G and IL-10R polymorphisms were examined by a polymerase chain reaction (PCR)-

based method and were analyzed using an automated DNA analysis method.

Results
A significant difference in the genotype distribution between OA individuals and controls was observed for IL-10G
gene. Individuals with LL genotype were found to have almost 4 times greater possibility for knee OA than the ones

with SS genotype (p = 0.001). OA patients had a significantly higher mean number of CA repeats for 
IL-10G gene than controls (p = 0.007). No significant differences in allelic frequencies between OApatients and

controls were found for IL-10R gene. 

Conclusion
An association between IL-10G microsatellite polymorphisms and idiopathic knee OA was found in subjects of

Greek descent.
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Introduction
Idiopathic osteoarthritis (OA) is a joint
disease characterized by degeneration
of articular cartilage and remodeling of
the subchondral bone with sclerosis (1-
3). Progressively the disease results in
the destruction of the articular cartilage
and in inflammation of the synovial
membrane, such as evident vascular-
ization, infiltration of T- l y m p h o c y t e s
and mononuclear cells and prolifera-
tion of synovial cells (4-6).
OAs’etiology seems to be complex and
multifactorial and still remains unclear
(7). Genetic factors are major risk fac-
tors for the development of OAand the
genetic contribution to the develop-
ment of the disease has been recently
estimated to be as high as 65% (8).
In human adult articular cartilage, syn-
thesis and degradation processes ap-
pear in equilibrium which, however,
breaks down in OA, with activated
chondrocytes increasing the metabo-
lism in an effort to achieve homeostasis
(9). Currently, several studies have been
performed to investigate the mech-
anisms by which OAleads to erosion of
the cartilage. The family of cytokines
has attracted great attention, since cyto-
kines and growth factors which stimu-
late new cartilage formation and degra-
dation of extracellular matrix compo-
nents are synthesized by the chondro-
cytes (8,10). It has been suggested that
levels of specific pro-inflammatory cy-
tokines in synovial fluid, as IL-1b, IL-
2, IL-6, IL-8, TNF-α, INF-γ and leuke-
mia inhibitory factor (LIF), may be in-
dicators of joint inflammation (11-13).
Stimulation of chondrocytes by the
pro-inflammatory cytokines increases
the production of matrix metallopro-
teinases, inhibits the cartilage proteo-
glycans synthesis and/or type II colla-
gen synthesis, stimulates the produc-
tion of reactive oxygen species such as
nitric oxid, and increases prostaglandin
(PGE2) production, all leading to carti-
lage degradation (14). It has also been
suggested that CD4+ and CD8+ T cells
proliferate against the chondrocytes in
OA. Since activated CD4+ T cells play
critical roles in producing inflammato-
ry cytokines like IL-1 and TNF-α the
expanded CD4+ T cells may also play
critical roles in cartilage destruction (15).

Reduction of pro-inflammatory cyto-
kine production comes through varia-
tions in the levels of pro-inflammatory
cytokine receptors, or the action of cy-
tokines with anti-inflammatory prop-
erties as transforming growth factor-β
( T G F -β), IL-4, IL-10 and IL-13. How-
e v e r, the anti-inflammatory potential
of the above cytokines greatly depends
on the target cell (16). 
The role of IL-10 on cartilage metabo-
lism is not well defined. IL-10 is a ple-
iotropic cytokine acting on a variety of
cell types, exerting either suppressive
or stimulatory effects. IL-10 can be
considered as immunoregulatory, as it
down regulates IL-2 and IFN-gamma
synthesis by Th1 T-cells, reduces the
antigen presenting ability of monocytes
and inhibits the production of IL-1, IL-
6, IL-8 and TNF by monocytes and
macrophages (17). It also up regulates
IL-1 receptor antagonist production.
Apart from these inhibitory roles IL-10
seems to have stimulatory functions, as
it induces B-cell differentiation and
secretion of immunoglobulin (18, 19).
The human IL-10 gene is located on
chromosome 1q31-32 and encodes for
5 exons (5.1 kb). The IL-10 promoter is
highly polymorphic with two informa-
tive CA repeat polymorphisms, IL-
10.G and IL-10.R, 1.2kb and 4 kb up-
stream of the transcription initiation
site and three frequent point mutations
(20, 21). Repeat polymorphisms in the
IL-10 gene may alter the structure or/
and the activity of the corresponding
protein and consequently, may result in
differences in the effect of IL-10 in the
development of OA.
The relationship between microsatellite
polymorphisms in the IL-10 gene has
not been studied in homogeneous pop-
ulation samples. In the present study
we investigated the possible involve-
ment of IL-10G and IL-10R repeat
polymorphisms in OA development in
individuals of Greek descent. It is the
first time to our knowledge that a sig-
nificant association is observed be-
tween IL-10G microsatellite polymor-
phisms in the IL-10 gene and knee OA.

Materials and methods
Human subjects
Our study was a case-control study.

IL-10 gene polymorphisms and knee OA/ P. Fytili et al.  

622



The group with osteoarthritis consisted
of 132 patients, 114 women (mean age
68.6 ± 7.7; range 48-92 years) and 18
men (mean age 71.24.78; range 62-79
years). All of them had undergone total
knee replacement meaning that all of
them suffered from severe knee OA,
which is defined by a Kellgren-Law-
rence score ≥ 2. The control population
consisted of 165 subjects, 120 women
(mean age 68.85 10.51; range 44-87
years) and 45 men (mean age 70.89
9.06; range 48-88 years), who had
u n d e rgone treatment for injuries and
fractures. All individuals included in
the study were of Greek origin living in
the district of Thessalia of Central
Greece. 
The study was approved by the ethics
committee of Larissa University Hos-
pital.

Osteoarthritis
All patients with knee osteoarthritis
had undergone total knee replacement
(TKR). Before proceeding to the opera-
tion, anteroposterior weight-bearing
radiographs of the knees were obtained
and graded for radiographic OA a c-
cording to the Kellgren-Lawrence sys-
tem which uses a 5-point scale (0-4)
(22, 23). The radiographs were assess-
ed by 2 independent expert observers
who were blinded to all data for the pa-
tients. The OA patients that had under-
gone TKR had a K/L score ≥ 2. K/L
score 2 means that the knee joint re-
quires the presence of both definite
osteophytes and possible joint space
narrowing. Patients with other kind of
arthritis such as rheumatoid and other
auto-immune arthritis as well as chon-
drodysplasias, infection-induced OA
and post-traumatic OA were excluded
from the study.

Other variables
All subjects – patients and controls –
answered a questionnaire and took part
in an interview which included infor-
mation about occupation, medication
use, chronic diseases, injuries, every-
day and sports activities and family
history. Women were asked about their
age of menarche and menopause and
about estrogen replacement therapy (if
followed). 

Isolation of genomic DNA
Genomic DNA was extracted from 3
ml of peripheral blood using a com-
mercially available kit (Puregene DNA
extraction kit; Gentra Systems, Inc.,
Research Triangle Park, NC, USA) ac-
cording to the manufacturers’ instruc-
tions.

Determination of IL-10 gene micro-
satellite polymorphisms
Based on the sequences of the human
IL-10G and IL-10R genes available
from the Gene Bank and using Primer 3
software (www.justbio.com), primers
were designed for the purposes of the
PCR amplification. For IL-10G a for-
ward primer: 5’ Cy5.0 5’-CACCCTC-
CAAAATCTATTTGC-3’and a reverse
primer: 5’-TCCGCCCAGTA A G T T T
CATC-3’, for IL-10R a forward primer:
5’Cy5.0 5’- CCCCAGGTAGAGCAA-
C A C T C - 3 ’ and a reverse primer: 5’
CCC TTC CCAAAG AAG CCT TA-3’
which amplified CA repeats in the pro-
moter region of IL-10G and IL-10R
genes were used.
A multiplex PCR was carried out in a
final volume of 25 µl containing 50 ng
of genomic DNA, 5 pmol of each pri-
mer and 12.5 µl Taq polymerase Mas-
ter Mix (Multiplex PCR kit – Qiagen
Science, Maryland, USA). Thermal cy-
cling conditions were as follows: 95°C
for 15 min followed by 38 cycles of
95°C for 30 sec, 58°C for 90 sec and
72°C for 90 sec with a final extension
step of 72°C for 10 min. 
All forward primers were fluorescently
Cy5.0 labeled (Proligo LLC, Boulder,
CO, USA). An aliquot of the reaction
was mixed with a loading dye and 50
bp and 300 bp size markers (Visible Ge-
netics, Inc.), heated at 95°C for 5 min
and cooled on ice. Subsequently, it was
separated on a 6% denaturing poly-
acrylamide gel. Allele fragment sizes
were determined in comparison with
external size markers by an automated
DNAsequencer and analyzed using the
Fragment Analysis Software (Vi s i b l e
Genetics, Inc)
The PCR products ranged in length for
IL-10G gene from 107 bp (9 CA re-
peats) to 117 bp (14 CA repeats) and
for IL-10R gene from 119 bp (11 CA
repeats) to 145 bp (28 CArepeats). 

Statistical analysis
All subjects were separated into sub-
groups comprising those with 2 Long
alleles (LL), those with one short and
one long allele (SL) and those with 2
short alleles (SS). Splitting of groups
was undertaken with the median as the
cut-off, hence yielding groups of ap-
proximately the same size. The cut-off
limits were 12 (alleles containing < 12
repeats = short) for IL-10G and 20 (al-
leles containing < 20 repeats = short)
for IL10R. Odds ratios (OR) were cal-
culated by logistic regression analysis
with 95% confidence intervals (CIs).
We computed ORs using subjects hom-
ozygous for the short CA alleles as the
reference.
We estimated unadjusted (univariate)
OR for various genotypes and subse-
quently included in the logistic regres-
sion models variables known to be as-
sociated with OA. These variables were
age, sex, BMI, menopausal status, age
at menopause, parity, age at last birth,
number of births, use of oral contracep-
tives, smoking, alcohol consumption,
hormone replace therapy, job, grade of
physical demand and knee bending. In
all cases a p-value of < 0.05 was taken
as significant and OR, 95% confidence
intervals (CI) were calculated. 
The Bonferroni method was additional-
ly applied to the findings from the defi-
nite multivariate logistic regression
analyses, in order to strengthen the sta-
tistical analysis. 
D i fferences in allele frequencies be-
tween OA patients and controls were
tested using Student t-test. Differences
in prevalence of the genotypes between
OA patients and controls were tested
using χ2 test (p < 0.05 was considered
significant).
All statistical analysis was performed
by using the SPSS 10.0 statistical pro-
gram.

Results
We investigated the association be-
tween IL-10G and IL-10R repeat poly-
morphisms in the human IL-10 gene
and knee OA.

IL- 10R
Fourteen different alleles in the IL-10R
gene comprising 119-145 bp were
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identified with median number of CA
repeats being 20 (range 11-28). OA
patients had an indicative higher fre-
quency of alleles compared to controls
( p = 0.087). No correlations between
different IL-10R genotypes and knee
O A were observed alone or after
adjustment for various confounding
factors.

IL-10G
Six different alleles of the IL-10G gene
comprising 107-117 bp were identified.
The median number of CArepeats was
12 (range 9-14). The allele frequency
distribution of the (CA)n repeat poly-
morphism for OA patients (250 chro-
mosomes) and controls (312 chromo-
somes) is shown in Figure 1. A signifi-
cant increase was observed in mean
number of (CA)n repeats in OA sub-
jects compared to controls (p = 0.007).
More specifically, the OA group pre-
sented significantly shorter the G11 and
G12 alleles and significantly longer the
G13 allele (p = 0.001, p = 0.041 and p =
0.05 respectively).
A significant difference in the (CA)n
repeat genotype distribution (SS, SL,
and LL) was observed between OA
cases and controls (p = 0.001). More
specifically, we observed a significant-
ly increased odds ratio for knee OA in
individuals bearing long alleles, more
than 12 CA repeats, and possessing LL
genotype (OR = 4.2, 95% CI 1.99-8.74,
p = 0.001) compared to individuals
with the SS genotype (Fig. 2). When
odds ratios were adjusted for different
confounding factors, a significantly
increased odds ratio of knee OA was
observed in individuals with long
repeats, having LLgenotype, compared
to individuals with SS genotype, when
the adjustments were made individual-
ly for sex, age, weight, BMI, previous
or present job, smoking, menarche,
menopause, grade of physical demand
and knee bending (Table I). The statis-
tical significance was retained even af-
ter the application of the Bonferroni
correction (p < 0.005). 
When odds ratios were calculated for
K/L score it was observed that individ-
uals with LL genotype had a signifi-
cantly increased risk to have OA stage
3 (CI 1-7.6, p = 0.05 and stage 4 than

individuals with SS genotype (CI 1.4-
27.3, p = 0.016).

Discussion
Structural and morphological changes
such as cartilage destruction and a vari-
able degree of synovial inflammation
are key events in the OA p r o c e s s .
Among the dramatic changes in carti-
lage metabolism during OAare overex-
pression of catabolic degrading en-
zymes and lack of anabolic activity of
chondrocytes. The anabolic activity of
chondrocytes has been found to be

maintained by growth factors as IGF-1
and T G F -β as well as by bone morpho-
genetic proteins (BMPs) (24). Recently
the osteogenic protein-1 or better
known as BMP-7 has been shown that it
selectively modulates the anabolic
activity of chondrocytes (24). Current
research attributes the above changes to
the actions of a complex network of cy-
tokines, whereas an imbalance between
the synthesis level of pro-inflammatory
and anti-inflammatory factors in articu-
lar joint tissue leads to the degradation
of articular cartilage (16, 25).
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Fig.1. Frequency distribution of CAdinucleotide repeat polymorphism in the IL-10G gene in OAindi-
viduals as well as controls.

Fig. 2. Distribution of IL-10G gene genotypes according to allele sizes; (LL: 2 long alleles; SL: one
short and one long allele; SS: 2 short alleles).



Pro-inflammatory cytokines, such as
inteleukin-1 (IL-1) and tumor necrosis
factor-α (TNF-α), produced by activat-
ed synoviocytes or by articular cartlage
itself are found in increased amounts in
OA tissues and may be instrumental in
the disease process since they both up-
regulate metalloproteinases (MMP)
gene expression (10,25). Pro-inflam-
matory cytokine processes are modu-
lated by certain cytokines with anti-in-
flammatory properties as IL-4, IL-10

and IL-13. Recently, IL-10 has been
detected by immunohistochemistry in
osteoarthritic cartilage within and
around chondrocytes and its expression
was inversely correlated with T N F -
immunoreactivity (26). Its action prob-
ably restores normal chondrocyte func-
tions by inhibiting the catabolic effects
of IL-1 and TNF and by directly stimu-
lating the production of ECM compo-
nents by chondrocytes, suggesting its
important role in the regulation of the

production of the above pro-inflamma-
tory cytokines (19, 27). IL-10 has stim-
ulatory effects on B-cells, including an
increase in expression of MHC (major
histocompatibility complex) class II,
production of immunoglobulin and
DNA replication (28). IL-10 secretion
appears to be important in immune reg-
ulation contributing to the control of
the balance between humoral and in-
flammatory responses. 
The association of genetic polymorph-
isms in the IL-10 gene and the risk for
knee OA remains a subject of increas-
ing interest and only few relative re-
ports appear in the literature mainly
trying to investigate probable relation-
ships between IL-10 gene polymor-
phisms and rheumatoid arthritis (RA)
or reactive arthritis (29-31). Recent stu-
dies using single nucleotide sequences
(SNPs) and STRP(short tandem repeat
polymorphisms) have associated IL-
10G and IL-10R polymorphisms with
IL-10 production. However, it has not
been yet conclusive which polymor-
phisms are causal in determining dif-
ferences in IL-10 production (32). To
our knowledge, there is no previous
report regarding the association be-
tween IL-10G gene microsatellite poly-
morphisms with knee OA.
We found suggestive evidence of an
association between IL-10G repeat
polymorphism of the IL-10 gene and
knee osteoarthritis. We observed a sig-
nificantly increased allele frequency
distribution of IL-10G repeat polymor-
phisms of IL-10 gene in OA patients
compared to the control group (p =
0.007). We also observed that the long
alleles of greater than 12 repeats in the
IL-10 gene seemed to confer an almost
4 fold higher risk for the development
of knee OA(95% CI 2,0-8,7, p = 0.001)
and contribute to a significantly in-
creased incidence of OAgrade 3 and 4.
The degree of statistical significance
between IL-10G repeat polymorphisms
and knee OA was retained even after
multiple adjustment for confounding
factors. The observed decrease in alle-
les G11 and G12 in OA patients com-
pared to controls shows a protective ef-
fect against the development of OA. 
The use of promoter polymorphisms to
investigate the relationship of a gene
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Table I. Logistic regression derived Odds Ratios (OR) and 95% Confidence Intervals (CI)
for OA by genotype associated with CA repeat polymorphisms in the IL-10G gene after
adjustment for OAconfounding factors.

Genotype OR (95% CI) p

IL10G gene
Short/short 1 (reference)
Long/long 4.2 (2.0-8.7) 0.001
Short/long 2.1 (0.3-12.8) 0.443

Adjusted for sex
Short/short 1 (reference)
Long/long 4.1 (1.9-8.6) 0.001
Short/long 1.7 (0.3-10.8) 0.564

Adjusted for age
Short/short 1 (reference)
Long/long 4.1 (1.9-8.7) 0.001
Short/long 2.1 (0.3-12.9) 0.443

Adjusted for weight
Short/short 1 (reference)
Long/long 4.3 (1.9-9.5) 0.001
Short/long 3.1 (0.4-22.5) 0.262

Adjusted for past job
Short/short 1 (reference)
Long/long 4.13 (1.9-8.7) 0.001
Short/long 1.8 (0.29-11.9) 0.505

Adjusted for smoke
Short/short 1 (reference)
Long/long 3.7 (1.7-8.1) 0.001
Short/long 3.28 (0.44-24.3 0.244

Adjusted for knee bending
Short/short 1 (reference)
Long/long 4.29 (2-9) 0.001
Short/long 1.9 (0.3-12.7) 0.491

Adjusted for menarche
Short/short 1 (reference)
Long/long 4 (1.65-10) 0.002
Short/long 1.1 (0.15-9.05) 0.885

Adjusted for menopause
Short/short 1 (reference)
Long/long 3.6 (1.3-9.7) 0.012
Short/long 3.1 (0.34-29) 0.315

Adjusted for BMI
Short/short 1 (reference)
Long/long 4.4 (1.8-10.70) 0.001
Short/long 2.5 (0.28-21.90) 0.410



IL-10 gene polymorphisms and knee OA/ P. Fytili et al.  

626

with a disease is based upon the as-
sumption that these polymorphisms are
associated with differences in the syn-
thesis and production of the particular
cytokine in a given disease. This as-
sumption is difficult to prove for IL-10
and osteoarthritis, as the relevant stim-
ulus for the production of IL-10 is not
known (33). However, it is tempting to
speculate that promoter polymorph-
isms affect promoter usage and levels
of expression through transcriptional
regulation, suggesting that differential
production of IL-10 may be an impor-
tant susceptibility factor for OA devel-
opment. 
Our study has several strengths as it in-
cluded a homogeneous population (Cen-
tral Greece inhabitants), since if there
were any undetected racial/ethnic dif-
ferences between the cases and unrelat-
ed controls, apparent associations be-
tween particular alleles and the disease
could be confounded. Also the avail-
ability of detailed questionnaire infor-
mation allowed us to consider potential
confounding factors.
In conclusion this study shows a signif-
icant correlation between IL-10G re-
peat polymorphism and knee OA i n
individuals of Greek descent. Confir-
matory studies in other populations as
well as discovery of a functional mole-

cular mechanism behind these findings
are needed in order to consider the IL-
10G promoter polymorphism a suscep-
tibility factor for the development of
knee OA.
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