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Infrapatellar fat pads participate in the development of
knee osteoarthritis in obese patients via the activation
of the NF-kB signaling pathway
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Abstract. The aim of the present study was to assess the
activation of nuclear factor-kB (NF-«B) in the infrapatellar fat
pads (IPFPs) of obese patients with knee osteoarthritis (KOA).
For this purpose, 32 patients (22 obese patients with KOA
and 10 patients with KOA with a healthy weight) treated with
total knee arthroplasty (TKA) were selected. The expression
levels of pro-inflammatory cytokines and adipocytokines, and
the activation of NF-kB were detected in both the cases and
controls by enzyme-linked immunosorbent assay (ELISA),
western blot analysis and immunohistochemistry where
appropriate. SPSS 18.0 software was used for statistical
analysis to determine the correlation between obesity and the
detected cytokine levels. It was found that in patients with
KOA, the expression of leptin in the synovial fluid positively
correlated with body mass index (BMI; P<0.05), and the
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expression of interleukin (IL)-6 in serum significantly corre-
lated with the IL-1p, leptin and tumor necrosis factor (TNF)-a
levels (P<0.05). Furthermore, the expression of inflammatory
cytokines and adipocytokines in IPFPs differed significantly
between the obese and non-obese patients with KOA (P<0.05).
By evaluating the expression of IKKP and IxkBa and the
nuclear translocation ability of p-p65, it was concluded that
NF-«B signaling was activated to a higher degree in the IPFP
tissues of obese patients with KOA than in those of patients
with KOA with a healthy weight. On the whole, the findings of
the present study suggested that the NF-«xB signaling pathway
was activated and that there were changes in the expression in
levels of inflammatory cytokines and adipocytokines in the
IPFP tissues of obese patients with KOA.

Introduction

Obesity is accompanied by chronic low-grade inflammation
that can induce knee osteoarthritis (KOA) (1,2). In patients
with KOA, the infrapatellar fat pads (IPFP) produce numerous
inflammatory cytokines and adipocytokines, which, in turn,
trigger inflammation and become a source of pain (3). With
increases in the aging population and the proportion of obese
patients, the incidence of osteoarthritis (OA) is on the rise (4).
It has been demonstrated that individuals with a higher body
mass index (BMI) are at a greater risk of developing KOA,
and that being overweight can cause the release of various
cellular inflammatory factors, including interleukin (IL)-6,
IL-1p and tumor necrosis factor (TNF)-a, and can also induce
the production of cartilage degradation factors (5). Moreover,
metabolic disorders caused by obesity and metabolic abnor-
malities may lead to the release of adipocytokines and the
occurrence of inflammation (3,6).

Adipose tissue contains a number of different cell types
that can produce a large number of diverse cytokines. In
healthy or non-obese individuals, the levels of protein
expression, cell proliferation, differentiation and apoptosis
are maintained in a balanced and stable state (7). When body
weight increases, pro-inflammatory macrophages in the body
and immune cells such as CD8* T cells, mast cells and B cells
enter adipose tissue, leading to a shift towards low-grade
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inflammation (8). In addition, fat cells begin to produce
cytokines, known as adipocytokines, and these changes also
affect other tissues, thereby leading to the development of
multiple diseases (9). It has been demonstrated that obesity
has a marked impact on cartilage metabolism and that
increased glycosaminoglycan (GAG) release is considered as
a hallmark of cartilage destruction (10). It has been proven
that the level of free GAG produced in cartilage tissue is
positively associated with BMI (10). Moreover, it has been
demonstrated that obese patients are more likely to express
IL-1p, IL-6 and IL-18 than lean individuals (11). These
factors may exert marked effects on obesity-related diseases,
including atherosclerosis and diabetes (12-14). IL-1p is a
major catabolic factor in cartilage degradation that is highly
induced in patients with OA and is reportedly associated
with BMI. Moreover, IL-18 has been reported to induce pros-
taglandin E2 (PGE2), which is an important inflammatory
mediator in the synovium, and IL-6 has been reported to be
involved in bone remodeling (13).

The IPFP is an intra-articular adipose tissue that has
received much attention in recent years. From an anatomical
point of view, there are a variety of adipose tissues in the joints,
including the IPFP and a supra-fat pad (SPFP), consisting of a
quadriceps fat pad and a prefemoral fat pad, which are located
above the tibia and behind the supraorbital sac. The IPFP has
recently been described as a repository of intra-articular cyto-
kines and a source of inflammatory cells, such as leukocytes
and CD31* cells (15). The IPFP releases higher amounts of
inflammatory factors than autologous subcutaneous adipose
tissue in patients with KOA. Additionally, the size of the IPFP
and the level of TNF-a are positively associated with the BMI
of patients with OA (16-18). Similarly, in high-fat diet-fed mice,
increases in weight and IPFP volume are positively correlated
with OA development (19). It has been demonstrated that
OA synovitis may be associated with inflammatory factors
released by the IPFP on the anterior surface of the synovial
membrane (20). Therefore, the IPFP may exert paracrine
functions on other joint tissues in OA, paritcularly adjacent
synovial membranes.

The nuclear factor-kB (NF-«xB) signaling pathway is
one of the most significant pathways involved in the treat-
ment and intervention of arthritis and related inflammatory
diseases (21). A previous study found that the NF-«xB
signaling pathway was activated by chondrocytes stimulated
with IL-1p (22). In OA-affected rat cartilage tissue, NF-xB
p-p65, as well as the NF-«kB signaling molecules, IKKa,
IKKp and phosphorylated IxBa, have been shown to be
upregulated (23). However, whether the NF-«B signaling
pathway is activated in different parts of infraorbital fat pad
tissue in KOA requires further exploration. Therefore, in
the present study, different adipose tissues were collected to
explore the activation of the NF-«B pathway, and differences
in the expression of inflammatory cytokines and adipocy-
tokines between obese and non-obese patients with KOA.
Furthermore, experiments were also conducted to investigate
the correlation between the release of related cytokines in
serum and the joint fluid of patients with BMI. The present
study aimed to focus on the IPFP and explore both the role
and the molecular mechanisms of the IPFP in obese and
non-obese patients with KOA.
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Materials and methods

Human samples. At total of 32 patients with OA who under-
went total knee arthroplasty (TKA) from September, 2017 to
July, 2018 at Bayannaoer Hospital, China were recruited in
the present study. These included 22 obese patients with KOA
with a BMI =24 (28.33+3.87, kg/m?) and 10 KOA patients with
a healthy weight (average BMI of 22.58+0.80, kg/m?). Males
accounted for 31.25% (10/32) of the patients, and females
accounted for 68.75% (22/32) of the patients. Subjects with
secondary, traumatic and/or rheumatoid arthritis, combined
with severe immune diseases were excluded. Furthermore,
subcutaneous adipose tissue I, IPFP tissue (near the synovial
side II and near the patellar tendon side IV) and suprapatellar
fat body III tissues were collected from obese and non-obese
patients with KOA. The present study was approved by the
Ethics Committee of Bayannaoer Hospital and was performed
in accordance with the Helsinki Declaration. All participants
signed informed consent forms for the extraction of knee joint
fluid and the voluntary donation of IPFP specimens.

Hematoxylin and eosin (H&E) staining. IPFP tissues collected
from the patients with KOA were dehydrated, frozen, sliced
and stained with hematoxylin (Baiaolaibo Company) and eosin
(Sinopharm Group Co., Ltd.). Subsequently, morphological
differences in the tissues of obese and lean patients with KOA
were observed using an Olympus fluorescence microscope
(Olympus Corporation).

Cytokine measurement. Serum and knee joint fluid was
collected and stored at -80°C for serum cytokine analysis.
The levels of pro-inflammatory cytokines (IL-1f3, IL-6 and
TNF-a) were analyzed by enzyme-linked immunosorbent
assay (ELISA) kits (Santa Cruz Biotechnology, Inc.) according
to the manufacturer's instructions.

RT-qPCR. RT-qPCR was used to examine the expression of
IL-1B, IL-6, TNF-a, leptin, adiponectin, visfatin, peroxisome
proliferator-activated receptor (PPAR)y, IkBa and NF-xB p65
at the mRNA level. According to the manufacturer's instruc-
tions, TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract total RNA. Following reverse tran-
scription (RevertAid First Strand cDNA Synthesis kit, #1622,
Thermo Fisher Scientific, Inc.), SYBR-Green Master Mix (Life
Technologies; Thermo Fisher Scientific, Inc.) was used for the
quantitative analysis of gene expression. Amplification, which
involved a denaturation step, and quantification were repeated
for 40 cycles (95°C for 15 sec and 60°C for 60 sec). The primer
sequences are listed in Table SI. The relative gene expression
levels were calculated using the 244%4 method (24) and are
presented as the fold change in gene transcript levels. GAPDH
was used as the internal control for RT-qPCR for normalization.

Western blot analysis. The expression of target proteins
was detected by western blot analysis. In the present study,
the total protein was extracted with RIPA lysis buffer
(CW2334S, CoWin Bioscience) from cartilage tissues, and
a bicinchoninic acid (BCA) protein assay kit (Beyotime
Institute of Biotechnology, Inc.) was used to measure the total
protein concentration of the samples. Total protein (20 ug)
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was loaded per well and then separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE, with
a 12% separating gel and a 4% stacking gel) and transferred
onto polyvinylidene fluoride (PVDF) membranes. The
membranes were blocked with 3% non-fat milk for 1.5 h at
room temperature, and then incubated with primary anti-
bodies against IL-1f3 (Proteintech, 16806-1-AP, 1:2,000), IL-6
(Elabscience, E-AB-30095, 1:1,000) and TNF-a (Elabscience,
E-AB-40015, 1:2,000), leptin (Abcam, ab16227, 1:4,000),
adiponectin (Abcam, ab22554, 1:2,000), visfatin (Abcam,
ab236874, 1:3,000), PPARY (Proteintech, 16643-1-AP, 1:800),
IKKp (Abcam, ab124957, 1:1,000), IkBa (Abcam, ab32518,
1:800), p-NF-xB p65 (Servicebio, GB11142-1, 1:500), NF-kB
p65 (Servicebio, GB11997, 1:500) and B-tubulin (Proteintech,
10068-1-AP, 1:2,000) at 4°C overnight. Following incubation
with an HRP-conjugated secondary antibody (Servicebio,
GB23303, 1:3,000) for 1.5 h at room temperature, the protein
bands were visualized using an enhanced chemiluminescence
detection system (Tanon-5200, Shanghai Tanon Science and
Technology Ltd.). The results were further analyzed using
Image-Pro Plus 6.0 software (Media Cybernetics, Inc.).

Immunofluorescence (IF). Paraffin-embedded adipose tissue
sections were dewaxed, washed 3 times with PBS, and blocked
with 5% goat serum. The samples were incubated with a p-p65
primary antibody (1:150, GB11142-1, Servicebio, Inc.), diluted
with PBST at 4°C overnight, washed and then incubated
with secondary antibody (Alexa Fluor 594-conjugated goat
anti-rabbit IgG, AS039, ABclonal) at 37°C for 60 min. After
washing with PBS, 4',6-diamidino-2-phenylindole (DAPI,
Boster, AR1176) was used for nuclear staining (37°C for
15 min). Finally, the tissues were imaged using a confocal laser
microcope (Nikon DS-U3; Nikon Corporation) after being
sealed with an antifade mounting medium (Beyotime, P0126).

Statistical analysis. All acquired data were analyzed with
Microsoft Excel and Statistical Package for Social Science
software 18.0 (SPSS, Inc.). Welch's t-test was used to assess
differences in age, clinical characteristics, and the levels of cyto-
kines determined by ELISA between the cases and controls.
Pearson's Chi-squared test was utilized to examine differences in
sex between the cases and controls. Correlations were analyzed
by Spearman's rank correlation test, with r values representing
the correlation coefficient. A P-value (two-tailed) <0.05 was
considered to indicate a statistically significant difference.

Results

General demographic data and indicator levels in cases
and controls. A total of 22 obese patients with KOA (mean
age, 63.77+6.60 years) and 10 patients with KOA with a
healthy weight (mean age, 68.60+4.74 years) were included
in the present study (Table I). A significant difference in age
(P=0.047) was found between the cases and controls, although
no differences in sex (P=0.123) were observed between the
groups. Clinical data were collected from the patients and
significant differences were found in BMI (P<0.001), very
low-density lipoprotein (VLDL) levels (P=0.039) and erythro-
cyte sedimentation rates (ESRs, P=0.043) between the obese
and non-obese patients.
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Table I. Demographics and clinical characteristics of the cases
and controls.

Variable Cases (n=22) Controls (n=10) P-value
Age (years) 63.77+6.60 68.60+4.74 0.047%¢
Sex 0.123°
Male 5 5
Female 17 5
BMI (kg/m?) 28.33+3.87 22.58+0.80 <0.001%¢
HDL (mmol/l) 1.33+0.30 1.29+0.46 0.798*
LDL (mmol/l) 2.88+1.32 3.32+0.80 0.362*
VLDL (mmol/l) 1.02+1.46 0.29+0.10 0.0392¢
CRP (mg/l) 3.20+£3.25 2.00+1.11 0.296*
ESR (mm/h) 24.40+19.57 10.67+7.73 0.0432¢

BMI, body mass index; HDL, high density lipoprotein; LDL, low
density lipoprotein; VLDL, very low-density lipoprotein; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate. “P-values
calculated by the t-test. "P-values calculated by Pearson's Chi-squared
test. “P<0.05, statistically significant difference.

Differences in ELISA indexes were also analyzed between
the cases and controls (Table IT), and it was concluded that
the expression levels of leptin in serum (P=0.033) and IL-6 in
the synovia (P=0.039) differed significantly between the obese
and lean patients with KOA.

Differences in clinical characteristics and ELISA indexes
between the male and female patients with KOA were also
analyzed (Table SII); however, no significant differences were
found; this suggested that sex was not a factor that affected
clinical data or the expression of inflammatory cytokines and
adipocytokines in obese patients with KOA.

Correlation analysis. Correlations between ELISA indexes
(IL-6, IL-1p, leptin and TNF-a levels in serum and joint fluid)
and BMI were analyzed using SPSS software and Spearman's
correlation analysis (Table III), and the results suggested that
the expression of leptin in the synovia significantly correlated
with BMI (r=0.058, P=0.003).

The correlations between age, clinical data and ELISA
indexes were further analyzed in all the study participants
(Table SIII). Only BMI was found to correlate with age
(r=-0.445,P=0.011). The correlations between the patient clin-
ical characteristics and the ELISA indexes were then analyzed
(Table IV) and it was found that the expression of IL-1f in
serum positively correlated with the VLDL level. In serum, the
expression of IL-6 significantly correlated with the levels of
IL-1pB, leptin and TNF-q.. In joint fluid, the expression of IL-13
positively correlated with the level of TNF-a (P<0.05).

Observation of tissue morphological characteristics. H&E
staining was used to compare the morphological characteris-
tics of the sub-patellar fat pad in obese and non-obese patients
with KOA. Two samples of each group were detected and the
results revealed that there was no marked differences in the
morphology of fat cells between the non-obese and obese
group (Fig. S1).
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Table II. Differences in cytokine levels determined by ELISA between the cases and controls.
Cytokines (pg/ml) Cases (n=22) Controls (n=10) P-value

Serum

IL-6 116.86+143.43 121.11£154.50 0.950

IL-1B 154.50+144.22 133.38+85.34 0.737

Leptin 92,953.26+70,742.61 8,538.02+2,279.42 0.033*

TNF-a 269.64+252.16 155.78+96.38 0.101
Synovia

IL-6 164.39+£201 .44 381.03+£269.15 0.039¢

IL-1p 5.12+5.41 2.93+4.54 0.373

Leptin 5,826.81+3,012.33 3,042.15+1,540.94 0.007

TNF-a 19.97+£24.15 18.71£17.01 0.906
P-values were calculated using a t-test. *P<0.05, statistically significant difference.
Table III. Correlations between ELISA indexes and BMI in all patients with KOA.

IL-6 IL-1B Leptin TNF-a

Location r P-value r P-value T P-value T P-value
Serum 0.258 0.185 0.113 0.568 -0.084 0.672 0.279 0.150
Synovia -0.311 0.108 0.012 0.951 0.058* 0.003 0.096 0.627

KOA, knee osteoarthritis; ‘r’ represents the correlation coefficient. The values were evaluated by Spearman's rho. *Correlation is significant at

the 0.01 level.

Activation of NF-kB signaling is increased in the IPFP of obese
patients with KOA. In the present study, the activation of NF-«kB in
the tissues (I, IT, III and I'V) of patients with KOA was examined
by RT-qPCR and western blot analysis, and the results suggested
that in obese patients with KOA, the expression of IxBa. in IPFP
tissues (II and IV) was downregulated compared with that in
subcutaneous adipose tissue (P<0.05, Fig. 1A and B). It was also
found that the expression of IkBa in the IPFP of obese patients
with KOA was downregulated compared with that in the IPFP
in lean patients (P<0.05, Fig. 1C). On the contrary, the expression
of IKK and the phosphorylation level of p65 (p-p65/p65) were
upregulated in IPFP tissues compared to subcutaneous adipose
tissues (P<0.05; Figs. 2A, and 3A and B) in obese patients with
KOA. These expression levels in IPFP tissues were also higher in
the obese group than the lean group (P<0.05, Figs. 2B and 3C).
To further confirm the activation of the NF-kB signaling
pathway, IF was used to detect changes in the nuclear localiza-
tion of p-p65 in different tissues of 3 patients with KOA of
each group. The results revealed that the p-p65 (red) signals
were located in the nuclei in IPFP tissues (I and IV) and the
suprapatellar body fat (IIT) (Fig. 4). Moreover, it was also found
that the signal intensity in the IPFP tissues of the obese group
was higher than that in IPFP tissues of the lean controls (Fig. 4).

Expression of pro-inflammatory factors is altered in the IPFP
and other adipose tissues of obese patients with KOA. The
changes in the expression levels of IL-1f, IL-6 and TNF-a in

different adipose tissues from patients with KOA were then
detected. In subcutaneous adipose tissues (I) and the suprapa-
tellar fat body (III), the expression levels of IL-1f, IL-6 and
TNF-a did not differ significantly between the lean and obese
groups (Fig. 5A and C). However, in IPFP tissues (II and IV),
the mRNA expression of levels of related targets were markedly
upregulated in the obese group than the lean group (P<0.05,
Fig. 5B and D). The results of western blot analysis confirmed
that the expression levels of IL-1f, IL-6 and TNF-a in IPFP
tissues increased as the body weight increased (P<0.05, Fig. SE).

Expression of adipocytokines is altered in the IPFP and other
adipose tissues of obese patients with KOA. The changes
in the expression levels of leptin, adiponectin, visfatin and
PPARY in different adipose tissues from patients with KOA
were further verified. No significant differences in expression
levels in subcutaneous adipose tissues (I) and suprapatellar
fat body (IIT) were found between the obese and lean patients
with KOA (Fig. 6A and C). However, the results also suggested
that in IPFP tissues (Il and I'V), the mRNA expression levels of
PPARG and visfatin were decreased, while those of leptin were
increased (P<0.05, Fig. 6B and D). Furthermore, the protein
expression levels of these targets were detected by western
blot analysis. The results revealed that in the obese group, the
expression of visfatin was significantly lower than that in the
controls, whereas that of leptin was upregulated compared to
the non-obese group (P<0.05, Fig. 6E).
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Table I'V. Correlations between ELISA indexes and clinical indexes in all patients with KOA.

IL-6 IL-1B Leptin TNF-a

r HDL LDL VLDL CRP ESR Serum Synovia Serum Synovia Serum Synovia Serum Synovia
HDL 1.000 -0.070 -0.133 0.001 0.077 -038  0.116 -0324  0.111 -0.022 0.166 -0.033 -0.032
LDL 1.000 -0.020 0.125 0.100 0.049 -0.169 -0.139 0.087 0216 0.155 0275 -0.058
VLDL 1.000 0.187 0.139 0253 0014 0416® 0243 0048 -0005 0.222 0.089
CRP 1.000 0087 0.174 -0380 0228 -0.083 -0.107 0.108 0.123 -0.132
ESR 1000 -0.092 -0.182 0.049 0274 -0.035 0.193 0068 0.116
IL-6

Serum 1.000 0.002 0466*° -0222 0401* -0.167 0.562* 0.009

Synovia 1.000 -0.330 0061 -0.176 -0.063 -0.122 0.225
IL-1B

Serum 1000 -0.033 0.284 -0224 0369 -0.017

Synovia 1.000 -0209 -0.224 -0.015 0.759°
Leptin

Serum 1.000 -0.099 0330 -0.175

Synovia 1.000 -0.099 -0.186
TNF-a

Serum 1.000 -0.127

Synovia 1.000

KOA, knee osteoarthritis; HDL, high density lipoprotein; LDL, low density lipoprotein; VLDL, very low-density lipoprotein; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate. The values were evaluated by Spearman's rho. ‘r’ represents the correlation coefficient. *Correla-
tion is significant at the 0.05 level; *correlation is significant at the 0.01 level.
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Discussion

OA is the most common form of arthritis and is character-
ized by the loss of cartilage structure. Obesity is a chronic
inflammatory condition and is also a high risk factor for
OA (25). Obesity increases the incidence of OA, particularly
in weight-bearing joints, such as the knee joint. It is gener-
ally believed that obesity increases the mechanical load of
articular cartilage, leading to joint degeneration (26,27). In the
present study, a total of 32 patients with KOA were recruited,
including 22 obese patients and 10 patients with normal weight
to investigate the molecular mechanisms of obesity as regards
the induction of KOA.

Inflammatory factors are known to participate in the
regulation of intra-articular inflammatory processes and play
a key role in the process of articular cartilage degradation,
which is crucial in the pathogenesis of OA (27). In the present

study, samples of serum and joint fluid were collected from all
patients with KOA and the expression levels of inflammatory
factors, such as IL-6, IL-1p3, TNF-a., and the pro-inflammatory
adipocytokine, leptin, were detected between the obese and
non-obese subjects by ELISA. The results indicated that the
leptin level in serum and the IL-6 level in the synovia differed
significantly between the cases and controls, and that the leptin
level positively correlated with BMI. Previous studies have
reported that obese individuals are more likely to produce
IL-1B, IL-6, IL-18 and TNF-a than lean individuals (28,29).
Another study demonstrated that IL-13 was highly induced
in patients with OA and was associated with BMI (30). In
addition, leptin is also believed to play a key role in the devel-
opment of OA, and the expression level of leptin in serum has
been found to be positively associated with OA (31,32).
Recent studies have demonstrated that the IPFP, a source
of inflammatory cytokines, mediates the progression of KOA



dz| SPANDIDOS
B) PUBLICATIONS

ADIPOQ-Eees

A EZ Obese [ Lean
w0
<
=
[in
£
S
@—
[ES
8
S
&
[:3]
@
1.5
EA Obese [JLean
D
2 PPARG ey
o
E
% VISFATIN-———rrr
0= -
=
o
S
©
[
o

LEPE=—=

F T T T T 1
00 05 10 15 20 25

E

IPFP——Lean IPFP —— Obese

PPAR MR &b 40 &% & o o = -
Visfatin g 4 W S - e - - "
Adiponectin e SRR T . - - -

-'--'-----

Leptin e

f-tubulin W - . -

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 46: 2260-2270, 2020

m

EZ& Obese ([ Lean

PPARG £

VISFATIN s

Relative levels of mMRNAs
inll

o
N
o
g
8
g
=
2

PPARG o

VISFATIN-55

inlll

Relative levels of mRNAs
=
=
T
o
(]

B Cbese B Lean

Visfatin =

[rZ s rrrrs e

Adiponectin <

N A -
1 I 1 1 1 1
00 02 04 06 08 1.0

Relative levels of proteins in IPFP

Figure 6. Differences in the expression of leptin, adiponectin, visfatin and PPARY in adipose tissues from the knee joints of lean and obese patients with KOA.
(A-D) The mRNA levels of leptin, adiponectin, visfatin and PPARy were examined by RT-qPCR; "P<0.05 vs. I. (E) The protein levels of leptin, adiponectin,
lisfatin and PPARY were examined by western blot analysis; ‘P<0.05 vs. lean patients. KOA, knee osteoarthritis I, subcutaneous adipose tissue; II, IPFP near

the synovial side; III, suprapatellar fat body; IV, near the patellar tendon side.

in a paracrine manner and affects cartilage, bone and synovial
tissue inflammation (15,32,33). By examining the changes
in the expression levels of inflammatory factors in the IPFP
tissues of obese and non-obese patients, the present study
found that the expression levels of IL-6, IL-1p and TNF-a
in the IPFPs of obese patients with KOA were higher than
those in the IPFPs of non-obese patients, indicating that obese
patients may be more susceptible to the destruction of carti-
lage matrix in bones and joints. Studies have demonstrated
that IL-1p3, TNF-a, IL-6, vascular endothelial growth factor
(VEGF), leptin, adiponectin and other factors can be released
in the IPFP (16,17) and that these factors may exert marked
effects on obesity-related diseases, including atherosclerosis
and diabetes (11,13).

The present study further explored the changes in the
expression of adipocytokines in the IPFP tissues of obese
and non-obese patients with KOA, and it was concluded that
the expression of PPARY and visfatin was downregulated in

obese patients compared to non-obese patients, but that the
expression of leptin increased with increasing weight. PPARYy
is a key adipokinetic nuclear factor, and it has been demon-
strated that pro-inflammatory cytokines, such as IL-1f3 and
TNF-a can downregulate the expression of PPARYy in human
chondrocytes (34). The expression of PPARy in IPFP tissues
has also been found to be lower than that in subcutaneous
adipose tissue (16), which is consistent with the results of the
present study. It was also found that the expression of PPARy
in the IPFP was downregulated in obese patients compared to
non-obese patients, suggesting that PPARy in the IPFP is related
to the dysfunction of fat metabolism. Visfatin is considered to
be involved in the pro-inflammatory process in OA, and the
expression of visfatin is enhanced by IL-1p (35,36). Moreover,
studies it has been previously found that visfatin-mediated
inflammatory responses usually activate NF-kB signaling (37).
The results of the present study revealed reduced visfatin
levels in obese patients with KOA compared with non-obese
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patients and suggested that visfatin plays an important role
in inflammatory reactions, and tgat visfatin is regulated via
diverse mechansims in obesity. Leptin is produced by fat cells
in the IPFP and is reduced by 40% in normal IPFP tissues rela-
tive to subcutaneous adipose tissue (16). In patients with OA,
leptin is released into the cartilage, the IPFP, the synovium
and the callus, and normal non-OA cartilage produces less
leptin than cartilage mildly affected by OA (38). Moreover,
the findings of the present study demonstrated that leptin
was highly expressed in the IPFP tissues of obese patients
with KOA. Published results support these findings showing
that the release of inflammatory cytokines, as well as leptin
and adiponectin, is increased in the IPFPs of KOA patients
cultured in vitro (39,40). In addition, related studies have found
that leptin (alone or in combination with IL-1B) can increase
the expression of IL-6, matrix metalloproteinase (MMP)-1,
MMP-3 and MMP-13, which are involved in the regulation
of the NF-«kB signaling pathway in the cartilage tissues of
patients with OA (41). The present study also found a signifi-
cant positive correlation between serum leptin levels and IL-6
levels in patients with KOA. All these findings reveal the key
roles of the IPFP in the development of KOA in obese patients.

NF-«B is an important nuclear transcription factor that
controls the expression and function of inflammatory genes. The
regulation of NF-kB-induced inflammatory factor-related changes
in target gene levels can also trigger the activation of the NF-xB
signaling pathway, which regulates the inflammatory response to
a certain extent and has a long-lasting effect. The present study
further investigated the activation of NF-kB in IPFP tissues and
it was found that IKKp, p65 and p-p65 were highly expressed
and that their expression levels in obese patients with KOA were
increased compared with those in non-obese patients. To the best
of our knowledge, the activation of NF-«xB in the IPFP tissues
of obese patients with KOA has not yet been studied; however,
the inflammatory cytokines and adipocytokines that were the
focus of the present study have been reported to participate in
the NF-«B signaling pathway (37,42 ,43). In addition, Hui et al
reported that leptin induces the release of collagen, the expression
of MMP-1 and MMP-13, and NF-«kB signaling activation in chon-
drocytes (44). These results suggest that NF-kB is activated in the
IPFP tissues of obese patients with KOA and thus induces the
expression of inflammation-related genes and regulates cartilage
degeneration.

However, the small sample size and inevitable sample
selection bias in the present study are limitations. Furthermore,
the effect of environmental factors on KOA was not taken into
account. Future studies with larger sample sizes are required
to improve the accuracy of the assessments and to explore the
sophisticated molecular regulatory mechanisms underlying
the effects of obesity on KOA.

In conclusion, the present study suggests that the leptin
levels in the synovia positively correlate with BMI. Moreover,
obesity can cause differences in the expression of related
inflammatory cytokines and adipocytokines in patients with
KOA, and can play a role in the development of KOA by
triggering NF-kB signaling in IPFP tissues.
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