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  ABSTRACT 
  Objectives   Obesity is a risk factor for the development 

of osteoarthritis (OA) in hands and knees. Adipose 

tissue can secrete different adipokines with powerful 

immunomodulatory effects. The infrapatellar fat pad (IFP) 

is an intra-articular organ in the vicinity of the synovium 

and cartilage. It is hypothesised that IFP-derived soluble 

factors could contribute to pathological processes in 

the knee joint. A study was therefore undertaken to 

compare the release of infl ammatory mediators in the 

IFP and subcutaneous adipose tissue (ScAT) and to 

characterise the adipocytes and immune cell infi ltrate in 

these tissues.  

  Methods   Paired IFP and ScAT samples were obtained 

from 27 patients with primary OA. The stromal vascular 

cell fraction (SVF) was isolated and characterised 

by fl uorescence activated cell sorting. Cytokine and 

adipokine release in fat- and adipocyte-conditioned media 

was measured by luminex.  

  Results   IFP secreted higher levels of infl ammatory 

mediators such as interleukin 6 (IL-6), adipsin, adiponectin 

and visfatin than ScAT. This could be due to differences 

in the phenotype of adipocytes and/or in the composition 

and phenotype of the SVF cells. IFP adipocyte-conditioned 

media showed a trend towards more IL-6 and adipsin 

than ScAT. Moreover, the SVF fraction of IFP contained 

more cells/g tissue, a lower percentage of T cells 

and a higher percentage of mast cells than ScAT. In 

addition, T cells had a predominantly pro-infl ammatory 

phenotype while macrophages had a mixed pro- and anti-

infl ammatory phenotype in the IFP.  

  Conclusion   There are profound differences in secreted 

infl ammatory factors and immune cell composition 

between the IFP and ScAT. These data indicate that 

IFP-derived soluble mediators could contribute to 

pathophysiological processes in the OA knee joint.      

  INTRODUCTION 
 Osteoarthritis (OA) is a rheumatic disorder involv-
ing mostly weight-bearing joints such as the spine, 
hip and knee. The onset of disease is a multifacto-
rial process and presents clinically with a hetero-
geneous disease phenotype. Typically, the entire 
synovial joint is affected, as evidenced by joint 
space narrowing, osteophyte formation and sub-
chondral sclerosis.  1     2   Risk factors for OA include 
age, female gender, joint malalignment and obesi-
ty.  2   Although it is usually accepted that increased 
mechanical load contributes to joint destruction 
in obese subjects, recent advances in the physiol-
ogy of adipose tissue add further insights to the 
understanding of the relationship between obesity 

and OA.  2   Obesity is not only associated with the 
development of knee OA, but also with the devel-
opment of OA in non-weight bearing joints such 
as the hands.  3     4   This could imply a role for adipose 
tissue-derived factors—in addition to biomechani-
cal factors—as an independent risk factor for the 
development of OA. 

 It has become increasingly evident over the last 
years that adipose tissue, as well as being responsi-
ble for the storage of lipids, can also function as an 
endocrine organ that secretes several factors with 
potent regulatory effects which infl uence whole 
body metabolism.  5   Besides adipocytes, adipose 
tissue contains connective tissue matrix, nerve tis-
sue, endothelial vascular cells and immune cells.  6   
Studies in mice and men have shown that the 
immune cell composition differs according to fat 
depot and varies with body mass index (BMI).  7   –   13   
Moreover, both adipocytes and infi ltrating immune 
cells actively secrete numerous cytokines and adi-
pokines.  8     9     11     14     15   These mediators have profound 
effects on glucose homeostasis and the regulation of 
food intake, and also on infl ammatory responses.  15   

 The infrapatellar fat pad (IFP), or Hoffa’s fat 
pad, an adipose tissue depot that is located intra-
capsularly and extrasynovially in the knee joint, 
has so far received little attention. The function 
of the IFP in the joint is unknown and there is 
only limited information to indicate the secretion 
of some infl ammatory mediators by the IFP.  16   –   19   
Furthermore, adipokines have been shown to 
be present in the synovial fl uid of patients with 
OA.  20   Because it is conceivable that soluble media-
tors secreted by the IFP could play a role in local 
infl ammatory processes in the joint, we per-
formed an extensive characterisation of the IFP 
by studying adipokines and cytokines secreted in 
fat-conditioned media and compared these with 
subcutaneous adipose tissue (ScAT). These analy-
ses revealed profound differences between the 
IFP and ScAT in secreted infl ammatory factors. 
To gain insight into the possible cellular origin of 
these differences, we compared the phenotype of 
adipocytes and immune cell infi ltrate in these adi-
pose tissues and found substantial differences in 
the composition and phenotype of the constituent 
cells of the IFP and ScAT.  

  METHODS 
  Human subjects 
 Patients with primary OA undergoing joint replace-
ment surgery were recruited into the study and rest 
material was acquired. IFP and ScAT samples were 
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conjugated CD4 (all Abs were from BD Biosciences (Breda, The 
Netherlands) except the Ab to FcεRI which was from eBiosci-
encey (Vienna, Austria)). When specifi ed, approximately 400 000 
stimulated stromal vascular cells were fi rst stained with the sur-
face Ab solutions. Next, intracellular cytokines were detected 
upon permeabilisation and fi xation using a Cytofi x/Cytoperm 
Fixation/Permeabilization Solution Kit (BD Biosciences) accord-
ing to the manufacturer’s instructions. The following Abs were 
used for intracellular staining: PE-conjugated Abs to interferon 
γ (IFNγ), IL-10, tumour necrosis factor α (TNFα), IL-6 (all BD 
Biosciences except the Ab to IL-6 which was from eBioscience), 
Alexa fl uor 647-conjugated Ab to IL-17 (eBioscience) and the 
appropriate isotype controls. All incubations were performed on 
ice for 20 min. The cells were fi xed with paraformaldehyde and 
analysed with a LSR II fl ow cytometer using Diva 6 software 
(BD Biosciences).  

  Detection of adipokines and cytokines 
 Adipokines and cytokines were measured in supernatants of 
fat- and adipocyte-conditioned media using the Bio-Plex Pro 
Human Diabetes kit (Bio-Rad, Veenendaal, The Netherlands), 
the Bio-Plex array reader and Bio-Plex software in accordance 
with the manufacturer’s instructions. Adipocyte viability was 
assessed by measuring lactate dehydrogenase activity in IFP- 
and ScAT-derived adipocyte-conditioned media. No differences 
were observed between these tissues (data not shown).  

  Statistical analyses 
 The Wilcoxon paired rank test was used to compare differ-
ences between groups. Correlations were evaluated using the 
Spearman ranked correlation test. Adjustment for multiple test-
ing was performed when assessing the signifi cance of the stud-
ied associations. The adjusted p values ≤0.007, ≤0.013 or ≤0.05 
were considered signifi cant, as indicated in each case.   

  RESULTS 
  Adipokine and cytokine secretion 
 Adipose tissue can actively secrete different cytokines and adi-
pokines. It was recently reported that the IFP of patients with 
OA is a major source of the pro-infl ammatory cytokine IL-6.  17   
Here we confi rm and expand these fi ndings by showing that 
IFP adipose tissue from patients with OA is more active than 
ScAT and is able to secrete higher amounts of various cytokines 
and adipokines. We therefore determined the concentration of 
adipokines and cytokines in fat-conditioned medium of paired 
samples of IFP and ScAT from patients with primary OA. The 
characteristics of the patients are shown in  table 1 . The con-
centrations of IL-6, TNFα, adipsin, adiponectin, visfatin, leptin 
and resistin were determined using the luminex technology. 
Fat-conditioned media of the IFP contained signifi cantly higher 
concentrations of the pro-infl ammatory cytokine IL-6 and of 
the adipokines adipsin, adiponectin and visfatin than ScAT 
(  fi gure 1A ). Moreover, we observed a trend towards a higher 
concentration of TNFα in IFP ( fi gure 1A ).  

 Because both adipocytes and cells in the stromal vascular cell 
fraction (SVF) can secrete cytokines and adipokines, we wanted 
to gain insight into the cellular origin of these infl ammatory 
factors. We fi rst compared the soluble factors released by adi-
pocytes isolated from these tissues. IFP-derived adipocyte-con-
ditioned media showed a trend towards higher levels of IL-6 
and adipsin, whereas leptin levels were signifi cantly higher in 
ScAT-derived adipocyte-conditioned media ( fi gure 1B ), indicat-
ing qualitative differences between the adipocytes in these adi-
pose tissues.  

obtained during knee replacement surgery. ScAT samples were 
taken from the thigh, next to the incision. Owing to the limited 
size of the sample, not all experiments could be performed with 
each tissue sample.  

  Cell isolation  
 The isolation of stromal vascular cells was performed as previ-
ously described.  21   Briefl y, tissue fragments were incubated with 
1.8 mg/ml collagenase type 1A (Sigma-Aldrich, Zwijndrecht, The 
Netherlands) in RPMI 1640 (Invitrogen, Breda, The Netherlands) 
for 1 h at 37°C under continuous rolling. The digested tissue 
was fi ltered through a nylon mesh with a pore size of 250 μm 
and the remaining tissue was mashed and washed through a 
70 μm nylon mesh. The cell suspension was washed three times 
in warm DMEM 4.5 g/l glucose/F12/0.5% BSA/15 mM Hepes/
glutamax/pen/strep (Invitrogen) (medium). Erythrocytes were 
lysed by adding lysis buffer (0.154 mmol/l NH 4 Cl, 5.7 mmol/l 
K 2 HPO 4  and 0.1 mmol/EDTA, pH 7.3) for 5 min at room tem-
perature. The cells were washed once and surface stainings were 
performed. The remaining cells were plated overnight in a six-
well plate in a density of 5×10 6  cells/well maximum in medium 
supplemented with 50 IU/ml interleukin 2 (IL-2; Peprotech, 
Hamburg, Germany). After 12 h the cells were stimulated for 
5 h with 20 ng/ml phorbol myristate acetate (PMA)/200 ng/
ml ionomycin for polyclonal activation of T cells or 10 μg/
ml lipopolysaccharide (LPS) for activation of macrophages. 
Brefeldin A 10 μg/ml was added directly to the LPS-stimulated 
cells or, after 1 h, to the PMA/ionomycin-stimulated cells. Cells 
were harvested using a cell scraper and surface and intracellular 
stainings were performed.  

  Generation of fat- and adipocyte-conditioned medium 
 Fat-conditioned medium was obtained by culturing small pieces 
of IFP and ScAT in vitro at a concentration of 100 mg/ml in 
medium. After 2 h the medium was refreshed to remove pos-
sible contamination with cell rests and blood-derived soluble 
factors.  22   Fresh medium was added for another 24 h before col-
lecting the supernatants. For adipocyte-conditioned medium, 
adipose tissue was digested with collagenase type 1A (Sigma-
Aldrich) and subsequently fi ltered through a 250 μm nylon mesh. 
The adipocytes were washed three times by allowing them to 
fl oat to the surface, followed by removal of medium and addi-
tion of fresh medium. The adipocytes were then cultured in six-
well plates for 24 h in vitro at a concentration of 100 μl/ml. The 
supernatants were collected and stored at −80°C until use.  

  Flow cytometric analysis 
 Approximately 100 000 unstimulated stromal vascular cells 
were stained with surface antibody (Ab) solutions containing 
mixes of the following Abs: PE-conjugated CD3, CD19, FcεRI; 
FITC-conjugated CD45RA, CD3, CD8; APC-conjugated CD8, 
CD117; PE-Cy-7-conjugated CD25, CD14 and Pacifi c Blue-

  Table 1     Characteristics of patients with osteoarthritis (OA) undergoing 
knee/hip replacement  
 Characteristic  OA knee/hip replacement patients (n=27) 

Age, years 63 (44–78)
Gender  
 Male (n)  9
 Female (n) 18
Body mass index, kg/m 2  (n=26) 31 (21–47)

   Except where indicated otherwise, values are mean (range).   
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  Immune composition of the IFP and ScAT 
 Immune cells can also secrete a large variety of infl ammatory 
mediators. We therefore compared the immune cell composi-
tion of the SVF fraction of the IFP and paired ScAT samples. 
Owing to the limited sample size obtained from some patients, 
not all experiments could be performed with each tissue sample. 
Variable numbers of samples are therefore depicted in different 
experiments. Flow cytometric analysis of the SVF revealed a het-
erogeneous forward/side scatter, as was previously published for 
SVF originating from other adipose tissue depots.  23   An example 
of the gating strategy is shown in  fi gure 2A . A large ‘live’ gate 
was used to ensure that most cell types were included in fur-
ther analyses. This was followed by exclusion of doublets and 
staining with the appropriate Abs. The SVF of the IFP contained 
signifi cantly more cells/g tissue than ScAT ( fi gure 2B ). Different 
immune cell types were then determined by fl ow cytometry in 
both adipose tissues ( fi gure 2A,C ). Macrophages (CD14) were 
the most abundant immune cells present in both adipose tissues 
followed by T cells (CD3), mast cells (FcεRI+/CD117c+) and B 
cells (CD19) ( fi gure 2C ). Among the cell types identifi ed in these 
two adipose tissues, the percentage of T cells was signifi cantly 
higher in ScAT (p=0.013) and the percentage of mast cells was 
signifi cantly higher in IFP (p=0.012,  fi gure 2C ). No differences 
were observed in the percentages of macrophages and B cells.   

  Phenotypic characterisation of T cells in the IFP and ScAT 
 Because the percentage of T cells differed signifi cantly between 
the IFP and ScAT, we investigated the phenotype of the CD3 T 
cells in more detail. No differences in the percentage or pheno-
type of CD4 or CD8 T cell subsets were detected between 
paired IFP and ScAT samples ( fi gure 3A ). Analysis of CD45RA 
and CD25 expression revealed that the CD4 and CD8 T cell 
populations in both adipose tissues consisted mainly of mem-
ory cells (CD45RA−). Notably, a signifi cant percentage of CD4 
T cells were positive for the activation marker CD25 ( fi gure 3B ) 
in both adipose tissues.   

  T cell and macrophage cytokine production in the IFP 
 Macrophages and T cells are the most abundant immune cell 
types present in the IFP and ScAT. To assess their possible con-
tribution to the release of infl ammatory mediators by adipose 
tissue, we investigated the polarisation state of these cells. 
Because the limited sample size precluded these analyses in SVF 
cells from ScAT, we investigated the polarisation state of CD4 
and CD8 T cells and of the CD14 macrophages in the IFP by 
studying their cytokine-producing capacity on in vitro stimula-
tion of the SVF fraction. Intracellular staining showed that both 
T cell subsets were able to produce the infl ammatory cytokines 
IFNγ and TNFα, IL-6 and very little, if any, IL-10 and IL-17 ( fi g-
ure 4A ), while macrophages produced IL-6 and TNFα as well as 
IL-10 ( fi gure 4B ).   

  TNFα levels in IFP correlate with BMI 
 It has previously been shown that both the abundance and 
phenotype of the infi ltrating immune cells in adipose tissue 
varies with BMI.  8   –   12     24   We therefore investigated whether the 
immune cells studied or the cytokine/adipokine production in 
the IFP and ScAT correlated with BMI. No signifi cant correla-
tions with BMI were found for the percentages of any of the 
immune cells studied (data not shown). Interestingly, however, 
a positive correlation of TNFα levels with BMI was found in 
IFP-derived fat-conditioned media ( fi gure 5A ). This correlation 
is probably not due to adipocyte-secreted TNFα as it was not 

  Figure 1     Adipokine and cytokine secretion of the infrapatellar fat 
pad (IFP) and subcutaneous adipose tissue (ScAT). Interleukin 6 (IL-6), 
tumour necrosis factor α (TNFα), adipsin, adiponectin, resistin, visfatin 
and leptin concentrations (pg/ml or ng/ml) in (A) fat-conditioned medium 
and (B) adipocyte-conditioned medium derived from IFP and ScAT. Each 
line represents samples from one patient. Indicated are means±SEM. 
p Values were determined using the Wilcoxon signed rank test and a p 
value ≤0.007 (corrected for multiple testing) was considered signifi cant.    
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evidence for a correlation between BMI and the release of TNFα 
by the IFP, indicating obesity-related infl ammatory changes in 
this organ. In summary, our data indicate that the IFP could play 
a role in pathophysiological processes in the knee joint through 
the release of infl ammatory mediators. 

 Adipose tissue can function as an endocrine organ and can 
actively secrete different cytokines and adipokines.  5     15   This 
is also the case for the IFP, as shown by us and previously by 
 others.  17     19   Interestingly, IFP adipose tissue is more active in 
secreting several cytokines and adipokines than ScAT ( fi gure 
1A,B ). Some of the soluble factors more actively secreted by the 
IFP than ScAT—such as IL-6, adiponectin and visfatin—have 
previously been shown to be able to induce the release of matrix 
metalloproteinases in vitro.  25   –   30   Others like adipsin (complement 
factor D) are also thought to have pro-infl ammatory properties, 
but their effect on chondrocytes/cartilage is not yet known. 

 To gain insight into the possible cellular origin of the secreted 
infl ammatory mediators in the IFP and ScAT, we performed an 
extensive characterisation of the different cell types present in 
these tissues. Our results reveal substantial differences between 
cytokines/adipokines secreted by adipocytes from the IFP than 
ScAT, indicating a more infl ammatory phenotype of IFP-derived 

present in IFP-derived adipocyte-conditioned media ( fi gure 5B ). 
Likewise, this correlation was absent in ScAT-derived fat- and 
adipocyte-conditioned media. No signifi cant correlations with 
BMI were found for any of the other cytokines and adipokines 
in fat-conditioned media or adipocyte-conditioned media in the 
IFP or ScAT (data not shown).    

  DISCUSSION 
 Adipose tissue secretes a large number of soluble mediators that 
regulate whole body metabolism. It is therefore conceivable that 
the IFP, through the secretion of different factors, could play a 
role in local infl ammatory processes in the joint. In this initial 
study we compared cytokine/adipokine production, immune 
cell composition and phenotype of paired IFP and ScAT sam-
ples from patients with OA. Our study revealed marked differ-
ences in cytokine and adipokine levels in fat-conditioned media, 
indicating that the IFP released more infl ammatory factors than 
ScAT. Characterisation of the cells in these tissues revealed that 
both the composition and phenotype are different between the 
IFP and ScAT and that both adipocytes and infi ltrating stromal 
vascular cells most probably contribute to the observed differ-
ences in release of infl ammatory mediators. Finally, we show 

  Figure 2     Immune composition of the infrapatellar fat pad (IFP) and subcutaneous adipose tissue (ScAT). Cells were isolated from the stromal 
vascular fraction (SVF) of IFP and ScAT of patients with osteoarthritis undergoing total joint replacement surgery and immune cells were characterised 
by fl ow cytometry. (A) Forward scatter (FSC)/side scatter (SSC) of SVF cells. A live gate (fi rst plot) was combined with ‘single cell’ gates (next two 
plots). A, area of the cells; H, height; W, width. Lineage-specifi c stainings were performed. An example is shown in the last two plots. (B) Number of 
cells present in the SVF of IFP and ScAT. (C) Percentage of indicated cell types in each adipose tissue. Each line represents samples from one patient. 
Indicated are means±SEM. p Values were determined using the Wilcoxon signed rank test and p≤0.05 (B) or p≤0.013 (C) (corrected for multiple 
testing) were considered signifi cant.    
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adipocytes which could explain the differences between these 
tissues. However, some of the cytokines such as IL-6 and TNFα 
are produced by several cell types including macrophages, T cells 
and adipocytes ( fi gures 1B ,  4A  and  B ),  whereas others probably 
have a more restricted pattern. Our results do not exclude the 
possibility that cells in the SVF fraction could also have a dif-
ferent cytokine secretion pattern in the two tissues. Although 
owing to limited sample size we were not able to assess these 
differences directly, our data indicate that T cells in the IFP are 
polarised towards a pro-infl ammatory phenotype while mac-
rophages display a mixed pro- and anti-infl ammatory pheno-
type and could thus contribute to the release of infl ammatory 
mediators by the IFP. Moreover, of the tested soluble mediators, 
TNFα levels in IFP-derived fat-conditioned media showed a 
positive correlation with BMI whereas the TNFα levels in adi-
pocyte-conditioned media did not ( fi gure 5A,B ), providing indi-
rect evidence that cells from the SVF contribute substantially to 
the total cytokine profi le of the IFP. More interestingly, these 
data suggest a change in the phenotype of SVF cells with BMI, 
which is indicative of obesity-induced infl ammatory changes in 
the knee-associated adipose tissue. Importantly, this correlation 
is not seen in ScAT, indicating that the SVF fraction is different in 
subcutaneous and IFP adipose tissues. The relative contribution 
of the different cell types within the SVF to the production of 
adipokines/cytokines by the IFP and ScAT remains to be further 
investigated. 

 Previous studies have shown that the immune cell compo-
sition of the SVF fraction differs with adipose tissue depot.  31   
Upon digestion of both adipose tissues, the SVF fraction of the 
IFP contained a higher total amount of cells/g than ScAT. Flow 
cytometry analyses of the SVF fractions revealed the presence of 
macrophages, T cells, B cells and mast cells, with a higher per-
centage of mast cells in the IFP. In the light of a recent publica-
tion which proposes that mast cells in adipose tissue might play 
a role in angiogenesis,  32   we speculate that a higher percentage of 
mast cells in the IFP could result in higher vascularisation of the 

  Figure 3     Phenotypic characterisation of T cells from the infrapatellar fat pad (IFP) and subcutaneous adipose tissue (ScAT). (A) Percentages of 
CD4 and CD8 T cells in paired IFP and ScAT samples. (B) CD45RA and CD25 expression in CD4 (fi rst panel) and CD8 (second panel) T cells. Each line 
represents samples from one patient. A p value ≤0.013 (corrected for multiple testing) was considered signifi cant.    

  Figure 4     T cell and macrophage cytokine production in the infrapatellar 
fat pad (IFP). (A) Percentage of cytokine-producing CD4 and CD8 T cells 
from IFP upon in vitro stimulation with phorbol myristate acetate (PMA)/
ionomycin. (B) Percentage of cytokine production by CD14 macrophages 
upon in vitro stimulation with lipopolysaccharide (LPS). Indicated are 
mean±SEM percentage cytokine-positive cells. Each dot represents one 
patient. IFNγ, interferon γ; IL, interleukin; TNFα, tumour necrosis factor α.     
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results. However, by comparing only paired IFP and ScAT patient 
samples we believe that the systemic effects of these complica-
tions have been largely corrected for and the differences that we 
show are inherent to the tissues studied. 

 In conclusion, our results show a more infl ammatory pheno-
type of the IFP compared with ScAT in patients with OA. Both 
adipocytes and infi ltrating stromal vascular cells are likely to 
contribute to this phenotype, as suggested by profound differ-
ences in the composition and phenotype of these cells in these 
tissues. Our data indicate that the IFP could contribute to the 
pathophysiological changes in the OA joint via the local produc-
tion of cytokines and adipokines.    
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