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Abstract
Objective: Previous research has examined gene expression of the IFP from individuals with early and endstage
knee OA. However, there is little understanding of whether the differential expression that was found is a local effect
associated with OA disease severity. The objective of this study was to compare gene expression of the SAT and
IFP both within individuals with early and late stage knee OA.
Methods: Knee SAT and corresponding IFP samples were harvested from twenty-nine patients with endstage
and five patients with early stage OA at the time of knee surgery. Total RNA was then extracted, labelled and
hybridized to Illumina whole genome expression arrays. Arrays were scanned and intensity of hybridization quantified.
Filtered data were analyzed to find significantly different expressed genes between the disease stages and fat types.
Results: SAT gene expression demonstrated significantly less differential genes between disease states when
compared to the gene expression profiles of IFP tissues between individuals with early and endstage OA. Among
those with early stage OA, the SAT and IFP tissues were highly dissimilar at the gene expression level, whereas
among those with endstage OA these tissues were comparatively more similar.
Conclusions: Our findings suggest that the effects of OA on the IFP are localized, more so with later disease
stages, while changes in the SAT are less prominent. It is unknown whether or not the localized effects of IFP may
be a unique contributor to knee OA or a result of systemic changes occurring in the body. Further research which
includes longitudinal assessments with larger cohorts is warranted.

Keywords: Gene expression; Infrapatellar fat pad; Subcutaneous fat;
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Introduction
There is now compelling evidence that adipose tissue is
metabolically active and that adipose derived metabolic factors can
have physiological effects [1,2]. In adults, fat exists primarily as white
adipose tissue. This tissue is widely distributed throughout the body
with the two most prevalent forms being subcutaneous adipose tissue
(SAT) and visceral adipose tissue (VAT).
SAT accounts for the vast majority of all the fat in the body [3,4]
and potentially is a major source of adipose derived factors in the
systemic circulation [5]. Each type of adipose tissue displays unique
phenotypic and genotypic characteristics [6]. Some have suggested that
each fat type may have differing developmental lineages that play a role
in body fat distribution, obesity and the variety of functional properties
of various adipose tissue sites in the body [7]. Previous work has shown
that inflammatory hormones secreted by adipocytes and macrophages
can significantly affect expression levels of leptin, adiponectin, tumour
necrosis factor-α (TNF-α) and interleukin 6 (IL-6) in SAT [1,8-10]. The
systemic release of these adipose-derived hormones is thought to be
responsible for the low-grade inflammatory state commonly observed
in obese individuals [6,11,12].
The link between obesity and osteoarthritis (OA) has long been
established [13]. This link is in part believed to be a metabolic one
[13], in addition to the recognized impact of increasing mechanical
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forces on weight-bearing joints [12]. Many individuals experience
OA symptoms in non-weight bearing joints as well [14-16]. Indeed,
studies are revealing associations between levels of adipose-derived
factors in blood and/or synovial fluid and the presence or severity of
osteoarthritis, particularly the knee [17,18].
Osteoarthritis is most prevalent in the knee [15], and association
between OA and obesity has been particularly marked for this joint [16].
Thus, the knee likely provides an ideal setting in which to examine any
potential role(s) of fat on OA development/progression, particularly
as it is the only joint to contain a large intra-articular deposit of
adipose tissue. The infrapatellar fat pad (IFP) is an intracapsular and
extrasynovial structure, distinguishable from SAT and VAT by its
unique location and relative size [19-24].
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Previous work from our group revealed that the IFP from
individuals with endstage knee OA had genes that were more highly
expressed as compared to individuals with early knee OA, particularly
genes encoding regulators of cartilage homeostasis, and factors
involved in lipid metabolism and energy homeostasis [25]. However,
there is little understanding of whether this differential expression is
a local effect associated with OA disease severity. To date, only two
studies have compared adipokine expression of the IFP to a reference
sample of SAT adipose tissue. However, these studies were limited to
individuals with endstage OA only [21,22]. The authors reported a
significant increase in the protein levels of IL-6, soluble IL-6 receptor,
and leptin in the IFP relative to SAT.
The objective of this study was to compare gene expression of the
SAT within individuals with early and late stage knee OA and compare
results to our previously reported data on IFP gene expression [25]
both within and across stages of OA.

Methods
Individuals undergoing total knee replacement for osteoarthritis
or arthroscopic knee surgery at the Toronto Western Hospital were
recruited into the study. Individuals were eligible if they were 35 years
of age or older and did not have any inflammatory arthritis. The study
was approved by the Human Subject Review Committee, University
Health Network Research Ethics Board; informed consent was obtained
from all patients voluntarily.

Collection of tissue samples
IFP samples were collected from 29 subjects with end-stage primary
knee OA at the time of their knee replacement surgery under sterile
conditions. In addition, IFP samples were harvested from five subjects
with early-stage knee OA at the time of their arthroscopic knee surgery
for debridement of meniscal tears. Diagnosis of OA was determined
by the attending physician based on radiographic images and the
Kellgren and Lawrence classification, as well as the criteria provided by
the American College of Rheumatology [26,27]. Early-stage knee OA
was confirmed intraoperatively based on the Outerbridge classification
[28] and defined as grade I or II lesion and by the presence of only
partial thickness cartilage defect in any compartment of the knee.
Softening and swelling of the cartilage was defined as a grade I lesion,
while a partial-thickness defect with fissures on the surface that did
not reach the subchondral bone or exceed 1.5 cm in diameter defined
as grade II [28]. Samples graded III or IV was classified as end-stage
OA [28]. Fissuring to the level of the subcondral bone was graded III,
while exposed subcondral bone was graded IV [28]. Corresponding
knee SAT samples were obtained from the knee area (from the same
location) of each early and end-stage knee OA patient at the time of
their respective procedures. All subjects were fasting 12-16 hours prior
to sample collection. Fat samples were immediately placed in a solution
of RNA later (Ambion) for preservation until analyzed.

Isolation of total RNA
Fat samples from the same location in each fat pad (100 mg) were
weighed in sterile 1.5 ml tubes before being homogenized in solution D
(4M Guanadinium Thiocyanate, 25 mM Sodium Citrate, 0.5% Sarcosyl
and 7.2 µl/ml β-mercaptoethanol). TRIzol reagent (Invitrogen) was
then added to each sample before total RNA was isolated following
the manufacturer’s protocol. Samples were transferred to an RNeasy
Mini column (Qiagen) for sample clean-up before being treated with
DNase (Qiagen) for 15 minutes at room temperature. Quantity and
J Arthritis

quality of the isolated RNA were determined by running samples on
the Nanodrop and Agilent Bioanalyzer 2100, respectively.

Microarray quantification
Total RNA was reverse transcribed to produce first single
stranded then second stranded cDNA following manufacturer’s
instructions (Illumina TotalPrep Amplification kit, Ambion). After
column purification, all samples were quantified using a Nanodrop
spectrophotometer. cRNA in appropriate amounts was aliquoted
and hybridized to Illumina whole genome expression arrays (Human
HT12_v3_r2) overnight at 58°C with rocking. Finally, microarrays
were washed, scanned and the resulting images quantified.

Microarray data analysis
Prior to data analysis all samples were quality checked using
the Bioconductor [29] and Lumi [30] package in R (version 2.14.1).
GeneSpring software (version 12.1, Agilent) was used for all statistical
testing and data analysis. Background subtracted intensities for
the 48803 probes on the arrays were normalized using a quantile
normalization followed by median based normalization. Pre-filtering
was performed to remove probes with no expression in any of the
groups under consideration (at least 80% of samples having an
expression value greater than the 20th percentile). General overall
trends in the data were assessed using a two-way, unsupervised
hierarchical clustering algorithm employing average linkage rules with
a Pearson centered similarity metric on probes showing high overall
variability (standard deviation across all samples > 2.0).
Statistical analysis focused on probes that were differentially
expressed between disease states (i.e. early vs. endstage) and tissue
types (IFP vs. SAT). The dataset was considered as whole with 4 groups:
early IFP, endstage IFP, early SAT, and endstage SAT. Differentially
expressed genes were identified using a one-way Analysis of Variance
with post-hoc Tukey Honest Differences tests (Benjamini Hochberg
False Discovery Rate (FDR) threshold of q<0.05). Venn diagrams were
used to find exclusive sets of genes for the comparisons of interest.
Gene ontology enrichment analysis was done with a hypergeometric
test and Benjamini-Yekutieli FDR correction (q<0.2). Pathway analysis
was accomplished using the DAVID online tool (EASE Score<0.1)
using the following pathway databases: BBID, BIOCARTA, KEGG,
and PANTHER [31].

Quantitative PCR
Triplicate reactions on real-time PCR were previously carried out
on each of the samples using total RNA for validation of the array data
using randomly selected probes, results are previously reported [25].
The reaction was completed using the full velocity SYBR Green qPCR
Master Mix (Agilent), using the following primer sequences: LEPTIN:
Forward: GTG TGA GCA GTG AGT TAC; Reverse: TAG GTG GTT
GTG AGG AT; ADIPONECTIN: Forward: GGA AGG ACT ACT
ACT CAA TG; Reverse: CAG CAC TTA GAG ATG GA; PPARG:
Forward: AGA CAT TCC ATT CAC AAG A; Reverse: CAG ACA CGA
CAT TCA AT; DGAT2: Forward: ACA GAA GTG AGC AAG AAG;
Reverse: GAC CAG GAT GAT GAT AG; THRSP: Forward: CCA ATG
ATG AGA GCA GAA; Reverse: GTG AAT AGC AAC AGA CAT;
ACOT1: Forward: TCA ACA GAA ATC GCA TCA; Reverse: CTC
ATT AGC ATA GAA CTC A; FABP5: Forward: GGG AGA GAA GTT
TGA AGA A; Reverse: GAG TAC AGG TGA CAT TG; and CD36:
Forward: GTT GGA GAC CTG CTT ATC; Reverse: TGC TGT TCA
TCA TCA CT [25]. T-tests between the two disease states at the p <0.05
level were used to assess significance of results.
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Results
Our sample of 29 end-stage knee OA subjects had a mean age of
66.9 years (range 44-85, SD 9.6), mean BMI of 33.1 kg/m2 (range 21.5
– 49.3 kg/m2,SD 6.3), and consisted of 14 males. The 5 early-stage OA
subjects had a mean age of 42.6 years (range 35-50 years, SD 12.4),
mean BMI of 34.1 kg/m2 (range 26.4 – 39.6 kg/m2 SD 6.4), and included
two males.
Sample RNA quality was tested using the bioanalyzer and all
samples (except one) had a RNA Integrity Number (RIN) of eight or
higher were used. Illumina based quality control metrics were used to
ensure that sample quality was sufficient for microarray analysis prior
to generation of the array data.

2 fold, CD36 and Leptin. Many of the probes related to inflammation
and energy homeostasis did not demonstrate a fold difference greater
than plus or minus two.
Overall, there were a greater number of fold differences between
these fat types in early stage OA.

Discussion
Evidence suggests that there is a metabolic link between obesity
and OA [13-17,32]. The knee joint is the only joint in which there is
localized adipose tissue, recognized also as being metabolically active
[20-23,25], and the joint most often affected by OA. While previous

An unsupervised clustering of the 523 probes showing the highest
degree of variability is shown in Figure 1. The IFP samples clustered
together on the left side of Figure 1, while the SAT tissues clustered on
the right. As in previous work [25], a subset of the endstage OA patient
samples clustered with the early OA samples. The authors did not note
any special considerations for this particular cluster. An Excel version
of this cluster with full annotations is provided in the Supplementary
data.

-3

0 3

Subcutaneous adipose tissue
A total of 1478 differentially expressed probes were observed in
SAT tissues between individuals with early and endstage knee OA
(comparatively, one-third of that observed for the IFP between disease
stages); 495 of these probes were exclusive to SAT (not expressed in
IFP) (Figure 2). Genes with at least two fold differences between early
and endstage OA SAT samples are shown in Table 1. Probes associated
with normal SAT functions were more highly expressed in early OA
then in endstage OA SAT (Table 1).

Infrapatellar fatpad
Statistical analysis of the IFP yielded 4934 differentially expressed
probes between individuals with early and endstage OA; 1496 of these
probes were exclusive to IFP tissue (not expressed in SAT) (Figure 2).
Inflammatory adipokines and probes involved in lipid metabolism
were more highly expressed among the endstage OA IFP tissue samples
(Table 2).

IFP vs. SAT in early OA
When comparing the IFP to SAT within the same individuals with
early OA, the number of differentially expressed probes was 4560;
[of these, 1126 were exclusive to early stage OA IFP & SAT samples
(i.e. not expressed in the endstage OA samples) (Figure 2)]. Various
inflammatory probes related to the development of OA, showed
decreased expression in SAT compared to IFP including: prostaglandin
E receptor 3 (12 fold lower), MMP9 (75 fold lower) and MMP15 (6
fold lower). Leptin and adiponectin also were less expressed in the SAT
as compared to IFP, 3 and 11 fold lower, respectively (Table 3). We
were limited in our smaller sample size in the early OA group; however
statistical adjustments were made to account for this difference in size.

Early IFP

Early SAT

Endstage IFP

Endstage SAT

Figure 1: Unsupervised hierarchical clustering analysis of the most variable
genes across all samples (SD>2.0). The clustering shows both the overall
similarities and differences between diseased and normal subcutaneous
adipose tissue (SAT) and infrapatellar fat pads (IFP).

1126

1496

110
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2602

32
495

146

5
47

13

IFP vs. SAT in late stage OA

269

6

Comparison of IFP to SAT adipose tissue gene expression in
endstage OA samples revealed only 526 differentially expressed probes
(comparatively, nearly one-ninth of that observed among individuals
with early stage knee OA), 110 of which were exclusive to endstage
OA IFP and SAT samples (Table 3). Of the inflammatory cytokines
examined, only two displayed decreased expression in SAT greater than
J Arthritis

Endstage IFP vs. Endstage SAT

Early IFP vs. Early SAT

Early IFP vs. Endstage IFP

426

Early SAT vs. Endstage SAT

Figure 2: A Venn diagram demonstrating the four statistical interactions that
were tested using a one way ANOVA with post hoc analysis. Values indicate
the number of genes expressed for each group as well as any overlap between
groups.
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Probes

Absolute Fold Difference

Regulation

ADAM metallopeptidase domain 19 (ADAM19)

2.3

down

Collagen, type VI, alpha 2 (COL6A2)

2.2

down

Collagen, type VI, alpha 5 (COL4A5)

2.7

down

Contactin 1 (CNTN1)

6.0

down

Desmin (DES)

23.5

down

Killer cell lectin-like receptor subfamily C, member 1 (KLRC1)

4.1

down

Matrix metallopeptidase 25 (MMP25)

6.1

down

Complement regulatory protein (CD46)

2.3

up

Matrix metallopeptidase 12 (macrophage elastase) (MMP12)

3.8

up

Table 1: Absolute fold differences in early versus endstage osteoarthritis in subcutaneous adipose tissue (SAT).
Probes

Absolute Fold Difference

Regulation

ADAM metallopeptidase domain 10 (ADAM10)

2.6

down

ADAM metallopeptidase domain 9 (ADAM9)

3.7

down

ADAM metallopeptidase with thrombospondin type 1 motif, 19 (ADAMTS19)

4.4

down

ADAM metallopeptidase with thrombospondin type 1 motif, 6 (ADAMTS6)

6.2

down

ADAM metallopeptidase with thrombospondin type 1 motif, 7 (ADAMTS7)

5.0

down

ADAMTS-like 2 (ADAMTSL2)

5.4

down

ADAMTS-like 4 (ADAMTSL4)

2.2

down

Collagen, type III, alpha 1 (COL3A1)

2.3

down

Connective tissue growth factor (CTGF)

3.1

down

Interleukin 6 receptor (IL6R)

4.8

down

Matrix metallopeptidase 17 (MMP17)

4.4

down

Matrix metallopeptidase 20 (MMP20)

3.2

down

ADAM metallopeptidase domain 21 (ADAM21)

4.8

up

Adiponectin (ADIPOQ)

10.0

up

CD36 molecule (thrombospondin receptor) (CD36)

3.3

up

Cell death-inducing DFFA-like effector a (CIDEA)

6.4

up

Cell death-inducing DFFA-like effector c (CIDEC)

4.9

up

Fatty acid binding protein 4, adipocyte (FABP4)

2.8

up

Fatty acid binding protein 5 (psoriasis-associated) (FABP5)

3.5

up

Leptin

2.8

up

Leptin Receptor (Lep-R)

9.2

up

Lipoprotein lipase (LPL)

4.5

up

Matrix metallopeptidase 15 (MMP15)

6.2

up

Matrix metallopeptidase 28 (MMP28)

3.2

up

Matrix metallopeptidase 9 (MMP9)

16.5

up

Peroxisome proliferator-activated receptor gamma (PPARG)

3.7

up

Phosphoenolpyruvate carboxykinase 1 (PEPCK)

5.9

up

Prostaglandin E receptor 3 (PTGER3)

10.1

up

Table 2: Absolute fold differences from early to endstage osteoarthritis in infrapatellar fat pad (IFP).

work has shown differences in IFP gene expression between early and
endstage knee OA [21,25], it is unknown whether difference in gene
expression in fat tissue is localized to the joint. This study comparatively
assessed the differences in SAT (in the vicinity of the knee joint) gene
expression between early and endstage knee OA patients against the
gene expression differences of SAT and previous analyzed IFP within
the same patients. This novel dataset builds on our previous research of
the IFP by providing a whole analysis (rather than two parts) including
early and endstage data from both IFP and SAT. The analysis focused
on four interactions, with comparisons across and within disease
stages. A pathway-based analysis was completed using DAVID and is
attached as supplementary data.
Differences observed in gene expression of SAT between disease
stages were substantially smaller as compared to differences in IFP (i.e.
one-third as many). Although the expression profile of SAT may vary
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between certain deposit sites in the body [33], our study observed a
larger gene expression difference in early versus endstage OA samples.
It is difficult to say whether these changes could be localized or systemic.
Early-stage OA SAT samples demonstrated a similar gene expression
profile as that of “normal” fat. For example, probes such as collagen
type 6 alpha 2 and 5 as well as desmin was more highly expressed (2,
3, and 23 fold respectively) in early stage samples. Collagen type 6 is
commonly found in SAT [34], while desmin is a protein that is found to
be highly expressed in normal smooth muscle and fat storing cells [35].
Differences in IFP gene expression found between the current
early and late stage knee OA samples were in general consistent with
previously reported work, minor changes reflect the new analysis
performed which also included the SAT early vs. late samples [25].
Adipokines related to inflammation, such as leptin, adiponectin, and
prostaglandin E receptor 3, tended to be more highly expressed in the
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IFP vs. SAT in Early OA
Probe

IFP vs. SAT in Endstage OA

Fold change

Regulation

Fold Change

Regulation

ADAM metallopeptidase domain 21 (ADAM21)

4.2

down

*

-

Adiponectin (ADIPOQ)

11.4

down

*

-

CD36 molecule (thrombospondin receptor) (CD36)

7.0

down

2.4

down

Cell death-inducing DFFA-like effector a (CIDEA)

7.2

down

*

-

Cell death-inducing DFFA-like effector c (CIDEC)

16.4

down

*

-

Fatty acid binding protein 4, adipocyte (FABP4)

3.0

down

*

-

Fatty acid binding protein 5 (psoriasis-associated) (FABP5)

5.9

down

*

-

Leptin

3.3

down

2.3

down

Lipoprotein lipase (LPL)

6.0

down

*

-

Matrix metallopeptidase 9 (MMP9)

75.6

down

*

-

Matrix metallopeptidase 12 (MMP12)

7.8

down

*

-

Matrix metallopeptidase 15 (MMP15)

6.3

down

*

-

Matrix metallopeptidase 25 (MMP25)

14.0

down

*

-

Matrix metallopeptidase 27 (MMP27)

16.3

down

*

-

Matrix metallopeptidase 28 (MMP28)

2.5

down

*

-

Peroxisome proliferator-activated receptor gamma (PPARG)

4.9

down

*

-

Prostaglandin E receptor 3 (subtype EP3) (PTGER3)

12.4

down

*

-

ADAM metallopeptidase domain 9 (ADAM9)

3.7

up

*

-

ADAM metallopeptidase with thrombospondin type 1 motif, 6
(ADAMTS6)

7.9

up

*

-

ADAM metallopeptidase with thrombospondin type 1 motif, 19
(ADAMTS19)

7.0

up

*

-

ADAMTS-like 1 (ADAMTSL1)

4.5

up

*

-

ADAMTS-like 2 (ADAMTSL2)

6.0

up

*

-

ADAMTS-like 4 (ADAMTSL4)

2.2

up

*

-

Connective tissue growth factor (CTGF)

3.4

up

*

-

Matrix metallopeptidase 1 (MMP1)

65.3

up

*

-

Matrix metallopeptidase 20 (MMP20)

3.1

up

*

-

*Fold change less than ± 2
Table 3: Fold difference regulation in early and endstage osteoarthritis of infrapatellar fat pad (IFP) versus subcutaneous adipose tissue (SAT).

IFP tissue from endstage knee OA patients compared to early knee OA.
A greater expression of adipokines such as adiponectin, for example,
have been shown to increase levels of matrix metalloproteases (MMPs)
[36-38] creating a pro-inflammatory reaction; MMP9 showed a 16.5
fold increase of expression in the endstage IFP samples.
A significant number of differences were observed in the gene
expression between IFP and SAT gene expression among those with
early stage OA. Several MMPs were more highly expressed in the IFP
samples. For example, MMP9 had a75 fold greater expression in the IFP
tissue as compared to SAT. MMPs are commonly linked to an increase
in adiponectin (11 fold increased expression in IFP) which contributes
to an overall inflammatory state that may ultimately disrupt matrix
remodelling processes [39,40]. CD36, a scavenger receptor often
found on the cell surface of proteins, demonstrated a 7 fold decrease
in expression from IFP compared to SAT. This molecule plays a role in
fatty acid and glucose metabolism [25,41]. Overall, genes contributing
to an increase in the inflammatory state more were highly differentially
expressed in the IFP, as compared to SAT, among those with early OA.
Whether changes in IFP expression precede OA changes, or vice versa,
are unknown and could not be determined from this cross-sectional
analysis. Nevertheless, there appears to be local metabolic activity
associated with disease presence even at an ‘early’ stage.
Interestingly, when the same comparison between IFP and SAT was
made among those with endstage knee OA, the number of expression
differences was greatly reduced. Genes involved in fat metabolism and
inflammatory processes for example, demonstrated differences of less
J Arthritis

than two fold among those with endstage disease. Leptin and CD36,
for example, showed only a two-fold difference (greater in the IFP),
in contrast to the 3 and 7 fold difference, respectively, among those
with early stage disease. Indeed, genes contributing to an inflammatory
joint state were in general not highly differentially expressed between
IFP and SAT among those with endstage OA, In other words, SAT
gene expression was more similar to that of IFP among those with later
stage disease. In the only other previous work comparing IFP to SAT
fat samples, Distal et al. [21] studied differences in gene expression
between IFP and SAT among individuals with endstage knee OA.
Consistent with our findings, the authors reported that the majority of
cytokines demonstrated similar expressions between the two adipose
tissues, with only small fold increases in IL-6 and IL-6 receptor (2 to
3 fold) in IFP tissue and decreased expression of genes related to lipid
metabolism in SAT.
Particularly for early stage OA, the generalizability of our findings
is affected by the limited sample size. Nevertheless, we did detect
significant differences with a very strict 5% false discovery rate. As
well the sample size precluded an assessment stratified by BMI, which
further research needs to consider. Our findings suggest that the effects
of OA on the knee IFP are localized; more so with later disease stages
and that SAT gene expression could be affected either locally or even
systemically. However, given the cross sectional nature of the study,
the evolution of changes and causation over time could not be assessed.
Alternatively, whether this represents an overall loss of specialized
functionality for the IFP in the presence of disease is unknown. We
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believe these findings warrant further investigation within larger
samples and observations over time. It would be valuable to include
data on pain scores as well as inflammation measurements from serum
and synovial fluid in future studies in order to further understand
possible systemic changes associated with OA.

19. Saddik D, McNally EG, Richardson M (2004) MRI of Hoffa’s fat pad. Skeletal
Radiol 33: 433-444.
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