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Background: Recent studies have shown that adipose tissue is an endocrine organ that releases vari-
ous cytokines.

Obijective: To investigate the production of growth factors and proinflammatory cytokines in infra-
patellar fat pad specimens.

Methods: Infrapatellar fat pad tissues were obtained from patients during knee surgery. Protein levels
of basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF), tumour necrosis
factor (TNF)a, and interlevkin (IL)6 in homogenised tissues were measured by an enzyme
immunoassay. Gene expressions for those cytokines were examined by reverse transcription-
polymerase chain reaction (RT-PCR). Localisation of bFGF and VEGF was evaluated by immunohisto-
chemistry and in situ hybridisation.

Results: Infrapatellar fat pads were found to contain various protein levels of bFGF, VEGF, TNFa, and
IL6. Further, gene expressions for these cytokines were detected by RT-PCR. Immunohistochemistry and
in situ hybridisation showed that the expressions of both bFGF and VEGF were localised in immature
adipocytes, inferstitial undifferentiated mesenchymal cells, and vascular endothelial cells.
Conclusion: The production of bFGF, VEGF, TNFa, and IL6 in the infrapatellar fat pad was demon-
strated. Although synovial cells and articular chondrocytes are thought to be primary sources of cyto-
kines found in knee synovial fluids, the results suggest that they may also originate from this fat pad.

erly people, with such features as cartilage loss and bone

proliferative changes. Although the pathogenesis of knee
OA is not clearly understood, both mechanical and metabolic
factors are responsible for the disease. "

In knee synovial fluids, various metabolic factors such as
growth factors and proinflammatory cytokines are measur-
able, and are known to have important roles in cartilage
metabolism and, subsequently, OA processes.”® Because syno-
vial cells and articular chondrocytes express various cyto-
kines, they are thought to be the primary source of cytokines
secreted into joint cavities.”"

A characteristic part of the knee joint structure is an infra-
patellar fat pad that is composed of constitutional fat tissue,
the development of which is dictated by sex hormones. It is
located in the space between the patellar tendon, femoral con-
dyle, and tibial plateau, and has a surface covered by a layer of
synovial membrane; thus, it is both intra-articular and extra-
synovial. The infrapatellar fat pad is also known to be involved
in some pathological conditions."”

Recently, adipose tissue has been recognised as an
endocrine organ that releases cytokines in an endocrine, auto-
crine, and paracrine manner." Among various growth factors,
basic fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF) have been detected in animal adipose
tissues as well as a mouse adipocyte cell line.” ' In addition,
previous reports have shown that adipose tissue is a
significant source of endogenous tumour necrosis factor
(TNF)a and interleukin (IL)6 in humans.” *

In view of the above findings, we suggested that the infra-
patellar fat pad might be another source of the cytokines
found in knee synovial fluids, in addition to synovial cells and
articular chondrocytes. Therefore, we investigated the produc-
tion of cytokines in the infrapatellar fat pad, with special
interest given to bFGF and VEGF.

Knee osteoarthritis (OA) is a common disease among eld-
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MATERIALS AND METHODS

Infrapatellar fat pads

Infrapatellar fat pad tissues were obtained from seven patients
(six women, one man) during knee surgery after informed con-
sent was obtained. The patient ages ranged from 19 to 76 years
old (mean 59.6 years). Five had knee OA and two had a
ligamentous injury of the knee. During the operation, infra-
patellar fat pad tissues were carefully sliced off and immediately
preserved in liquid nitrogen and/or neutral buffered formalin.

Synovial fluids of the knee

From the seven subjects, four synovial fluid specimens were
available for cytokine assays (patients 1, 2, 4, and 5). In the
other three patients, synovial fluids were either bloody or there
was too little to analyse. To remove debris, the synovial fluids
were centrifuged at 1000 g for 10 minutes, and then the
supernatant was separated and preserved at —80°C.

Enzyme immunoassay (EIA)
For measurement of protein levels by EIA, the tissues were
preserved in liquid nitrogen, then homogenised in phosphate
buffered saline (PBS; 100 mg tissue/ml PBS), filtered, and pre-
served again at —80°C until analysis.

EIA was performed using bFGF, VEGF, TNFa, and IL6 kits
(Quantikine, Quantikine HS, R&D Systems, NE, USA) accord-
ing to the manufacturer’s protocols.

RNA extraction

Total RNA was extracted from the adipose tissues by a stand-
ard procedure using a kit (Isogen, Wako Chemical, Osaka,
Japan).

Abbreviations: bFGF, basic fibroblast growth factor; EIA, enzyme
immunoassay; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL,
interleukin; OA, osteoarthritis; PBS, phosphate buffered saline; RT-PCR,
reverse franscription-polymerase chain reaction; TNF, tumour necrosis
factor; VEGF, vascular endothelial growth factor
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Table 1 bFGF, VEGF, TNFa, and IL6 protein levels in infrapatellar fat pad tissues
and knee synovial fluids from patients with osteoarthritis and ligamentous injury
Patient No
1 2 & 4 5 6 7
Disease OA OA OA OA OA Ligamentous injury  Ligamentous injury
Age (years) 68 73 65 70 76 46 19
Sex Female Female Female Female Female Male Female
Infrapatellar fat pad tissue (pg/g tissue)
bFGF 3760 38800 17200 13370 12700 14950 5640
VEGF <156 554 277 213 <156 <156 <156
TNFa 9.5 5.4 <3.5 <3.5 <3.5 17.4 54.3
L6 2.4 11.4 <1.5 1240 12.5 4.2 2.8
Synovial fluid (pg/ml)
bFGF 114 12.8 - 13.1 17.7 - -
VEGF 2900 1516 - 3640 1364 - -
TNFa 1.6 1.5 - <035 <035 - -
IL6 7.8 23.0 - 20400 238 - -
Lower detection limits of the assay: bFGF 10 (pg/g tissue), 1 (pg/ml); VEGF 156 (pg/g tissue), 15.6
(pg/ml); TNFa: 3.5 (pg/g tissue), 0.35 (pg/ml); IL6: 1.5 (pg/g tissue), 0.15 (pg/ml).

Reverse transcription-polymerase chain reaction
(RT-PCR)

Five infrapatellar fat pad specimens (from patients 1-5) were
available for RFPCR analysis.

To remove genomic DNA contamination before the RT-PCR
procedure, each total RNA was treated with RNase-free DNase
1 (Nippongene, Toyama, Japan) in the presence of RNase
inhibitor (Wako chemical) for 15 minutes at 37°C, followed by
proteinase K digestion, phenol/chloroform extraction, and
ethanol precipitation. The RNA was quantified spectrophoto-
metrically at 260 nm.

RT was performed with an RNA PCR kit (TAKARA SHUZO,
Otsu, Japan) according to the manufacturer’s protocol. RT of
RNA into cDNA was performed by incubating 2 pg of total
RNA with AMV reverse transcriptase, nonamer random prim-
ers, dNTE and RNase inhibitor at 30°C for 10 minutes,
followed by incubation at 42°C for 30 minutes. One microlitre
(100 ng) of each cDNA sample from the above extractions was
amplified by PCR (GeneAmp System 2400, Perkin Elmer) in a
total volume of 20 pl using 0.5 units of Ex Taq polymerase
(TAKARA SHUZO) with the accompanying buffer, a 200 pM
dNTP mixture, and 0.2 UM each of the specific oligonucleotide
primers. The oligonucleotide primers, prepared according to
published sequences, were as follows: bFGF,” VEGF,” TNFa,
1L6, and glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH).” PCR amplification was performed for 25 to 35
cycles. The amplified products were separated by electrophore-
sis using 6% polyacrylamide gels.

Immunohistochemistry

Adipose tissue specimens, fixed in neutral buffered formalin,
were embedded in paraffin and cut into sections 4 pm thick.
Immunostaining by rabbit antihuman polyclonal antibodies
for bFGF and VEGF was performed by the avidin-biotin com-
plex method using a Vectastain ABC kit (Vector laboratories,
Burlingame, USA). After deparaffinisation, the sections were
successively incubated in each reagent with appropriate PBS
washes: 0.3% hydrogen peroxidase for 30 minutes, normal
goat serum for 20 minutes, primary antibody for one hour,
biotinyl goat antirabbit antibody for 30 minutes, and
avidin-biotin complex for 30 minutes. The reaction was visu-
alised using the chromogen diaminobenzidine (DAKO A/S,
Glostrup, Denmark) and the sections were counterstained
with methyl green. Rabbit polyclonal antibodies used were as
follows: anti-bFGF antibody (FGF-2 (147): sc-79, Santa Cruz
Biochemistry, USA) and anti-VEGF antibody (VEGF (A-20):
sc-152, Santa Cruz Biochemistry). The working concentration
of each primary antibody was 1 pg/ml. As a negative control,
normal rabbit IgG (1 pg/ml) was used instead of the primary
antibodies.

In situ hybridisation

In situ hybridisation was performed using bFGF-specific or
VEGF-specific cRNA probes. The bFGF cDNA (136 bp) and
VEGF121 cDNA (516 bp) fragments were obtained from the
RT-PCR products, as described above. Both were cloned into a
PCR II-TOPO vector (Invitrogen, Groningen, The Netherlands)
and linearised, then run-off incorporation of digoxigenin
labelled UTP was performed with RNA polymerase using a
T7/Sp6 RNA labelling kit (Roche, Basel, Switzerland). The his-
tological sections were treated with 2.5 mg/ml of pepsin in
0.1N HCI for 30 minutes at 37°C and dehydrated in absolute
ethanol. The sections were then hybridised overnight with 1
mg/ml digoxigenin labelled bFGF-specific or VEGF-specific
cRNA probes, respectively, in a hybridisation solution at 37°C.
After hybridisation, they were washed three times in 1XTris
buffered saline containing 0.05% Tween 20. Through this step,
the reagents were from KREATECH (Amsterdam, The
Netherlands) and the protocol was followed according to the
manufacturer’s instructions. Subsequently, the sections were

Patient

Figure 1 RT-PCR results for bFGF, VEGF, TNFa, IL6, and GAPDH
in infrapatellar fat pad tissues. Expected sizes of the amplified DNA
fragments are shown in the ethidium bromide 6% polyacrylamide gel
electrophoresis images. The number under each panel indicates
patient number, whose characteristics are shown in table 1.
Amplified fragments of bFGF, the lower three VEGF isoforms
(VEGF121: 516 bp, VEGF165: 648 bp, VEGF189: 720 bp), and
TNFa were detected in all five specimens, whereas those of ILé were
defected in only one.
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Figure 2

Immunohistochemical staining of infrapatellar fat pad tissues. (A) bFGF, (B) VEGF, (C) normal rabbit IgG. Positive cytoplasmic

staining for bFGF and VEGF was detected in relatively immature adipocytes, interstitial undifferentiated mesenchymal cells, and vascular

endothelial cells. Original magnification x100.

incubated with 0.2 mg/ml anti-digoxigenin mouse I1gGl
(Roche) for 30 minutes, followed by incubation with
biotin-labelled secondary antibody. Finally, the sections were
subjected to peroxidase conjugated with streptavidin using a
DAKO Universal Quick Stain kit. Peroxidase activity was
detected using the chromogen diaminobenzidine (DAKO A/S)
and the sections were counterstained with methyl green. A
poly-(A) oligo probe supplied by KREATECH was used as the
positive control, and negative controls used bFGF-specific or
VEGEF-specific sense RNA probes.

RESULTS
Protein levels of bFGF, VEGF, TNFa, and IL6 in
infrapatellar fat pad and knee synovial fluid samples
Table 1 shows the patient characteristics along with protein
levels of bFGF, VEGF, TNFa, and IL6 in homogenised adipose
tissues by EIA. bFGF was detected in all specimens (mean
(SD) 15202 (11495) pg/g tissue), whereas VEGF was detected
in three of the seven patients at 348 (181) pg/g tissue and
TNFa in four patients at 21.7 (22) pg/g tissue. Except for one
patient with high levels of IL6 (patient 4, 1240 pg/g tissue),
levels of IL6 were generally low (6.7 (4.9) pg /g tissue).

In synovial fluids from four patients, cytokine protein levels
were as follows: bFGF 39.4 (49.8) pg/ml, VEGF 2355 (1100)

y

Figure 3

pg/ml, and TNFa 1.5 (0.11) pg/ml. Levels of IL6 were wide
ranging (7.8-20400 pg/ml). Although the number of speci-
mens was small, there was no significant association of cyto-
kine levels between the fat pads and synovial fluids.

RT-PCR analysis of bFGF, VEGF, TNFq, and IL6

RT-PCR results showed the expected amplified fragments of
bFGF, the lower three VEGF isoforms (VEGF121: 516 bp,
VEGF165: 648 bp, VEGF189: 720 bp), and TNFa in all
specimens, whereas those of IL6 were detected in only one of
five specimens (fig 1).

Immunohistochemistry for bFGF and VEGF

Figure 2 shows the results for immunohistochemical staining
of adipose tissue. Positive cytoplasmic staining for bFGF and
VEGF was detected in relatively immature adipocytes,
interstitial undifferentiated mesenchymal cells, and vascular
endothelial cells.

In situ hybridisation for bFGF and VEGF

Positive signals for both bFGF and VEGF were detected in the
cytoplasm of relatively immature adipocytes, interstitial
undifferentiated mesenchymal cells, and endothelial cells (fig
3).

In situ hybridisation results for bFGF and VEGF in infrapatellar fat pad tissues. (A) Anti-sense probe for bFGF, (B) sense probe for

bFGF, (C) anti-sense probe for VEGF, (D) sense probe for VEGF. Positive signals for bFGF and VEGF were detected in the cytoplasm of
relatively immature adipocytes, inferstitial undifferentiated mesenchymal cells, and vascular endothelial cells. Original magnification x50.
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DISCUSSION

Our results showed that the infrapatellar fat pad specimens
consistently contained bFGF, whereas VEGF was found in
some cases, and the proinflammatory cytokines TNFa and 1L6
to a smaller extent. The infrapatellar fat pad was found to
synthesise these cytokines, though there was no association
between PCR results and protein levels. These cytokines were
also measurable in knee synovial fluids. Therefore, though
synovial cells and articular chondrocytes express these
cytokines”™ and are thought to be the primary sources of
those found in the joint cavity, our results suggest that the
cytokines may also originate from the infrapatellar fat pad.

Although bFGF was present at high concentrations in the
fat pad speciments, it is worth noting that the concentration in
synovial fluids was significantly reduced. In contrast, only
small quantities of VEGF were detected in the fat pad samples,
whereas high levels were present in synovial fluids, even in
those from patients in whom VEGF was under detectable lim-
its in the fat pad. We also examined the protein levels of bFGF
and VEGF in synovial tissues from OA knees, and found a
similar distribution of contents as in the fat pad tissues (data
not shown). These results suggest that VEGF is the primary
secretory agent from these tissues, in contrast with bFGF,
which is only secreted in low amounts.

We identified both bFGF and VEGF in immature adipocytes,
interstitial mesenchymal cells, and vascular endothelial cells
in the infrapatellar fat pad tissues. Yamashita ef al reported the
expression of bFGF in rat brown adipocyte primary cultures,"”
while Claffey et al indicated that VEGF was dramatically
induced during adipocyte differentiation in a mouse adipocyte
cell line."* Our results, together with those of previous studies,
suggest that bFGF and VEGF are up regulated during
adipocyte differentiation.

The growth factors bFGF and VEGF, both endothelial
cell-specific mitogens, have been detected in human OA
cartilage." "' Further, the results of other studies have shown
that bFGF seems to be a negative regulator of human articular
chondrocytes, as it down regulated chondrocyte phenotype
and type II collagen expressions, and decreased thymidine and
sulphate incorporation, while it also stimulated collagenase 3
production in cultured human OA chondrocytes.” ** Recently,
it was shown that blood vessel invasion mediated by VEGF is
essential for coupling hypertrophic cartilage remodelling,
ossification, and endochondral bone formation in growth
plate cartilage,”** which is considered to have a relationship
with characteristic bone proliferative changes in OA.

On the other hand, proinflammatory cytokines are also
involved in cartilage breakdown. For example, TNFa was
shown to up regulate matrix metalloproteinase synthesis by
chondrocytes under both normal and pathological conditions,
and possibly increased IL6 in OA chondrocytes by an autocrine
function."

Interestingly, epidemiological studies have consistently
found that obesity is a major risk factor for the development
and progression of knee OA."” ¥’ If adiposity has a role in knee
OA, not only by mechanical stress but also by obesity linked
metabolic factors, intracapsular fat tissue may directly affect
this “obesity sensitive joint”.

In conclusion, we detected the production of bFGF, VEGF ,
TNFa, and IL6 in infrapatellar fat pad specimens. A
mechanism may exist whereby the infrapatellar fat pad
modulates chondrocyte metabolism through cytokine produc-
tion in the joint fluids, though there is no in vivo evidence that
cytokines are released from fat pad tissues. Furthermore, the
possible contribution of fat pad derived cytokines in the
pathogenesis of OA remains to be addressed, because there
was no association between any of the cytokines measured
and OA and/or ligamentous injury seen in our data. Thus, the
contribution of infrapatellar fat pad derived cytokines to the
process of knee OA should be elucidated in the future.
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