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Keywords with extensive modifications in adipose tissue involving adipogenesis,
angiogenesis and extracellular matrix (ECM) remodeling (1). Proteolytic
Obesity, adipose tissue, fibrinolysis, gelatinase systems, e.g. the matrix metalloproteinase (MMP) and the plasminogen/
plasmin (fibrinolytic) system, contribute to tissue remodeling by
Summary degradation of ECM and basement membrane components or activation

of latent growth factors (2-4). The fibrinolytic system contains a

A nutritionally induced obesity model was used to investigate tioenzyme, plasminogen, that is converted to the active enzyme
modulation of fibrinolytic and gelatinolytic activity during the developplasmin by tissue-type (t-PA) or urokinase-type (u-PA) plasminogen
ment of adipose tissue. activator. Plasmin degrades fibrin and can convert latent matrix

Five week old male mice were fed a standard fat diet (SFD, 13% koadtalloproteinases (proMMPS) into active MMPs which in turn degrade
as fat) or a high fat diet (HFD, 42% kcal as fat) for up to 15 weeks. Ttie ECM. Plasmin mediated effects are inhibitedaipantiplasmin
HFD resulted in body weights of 31 £ 0.9 g, 38 £ 2.0 g and 47 + 1.9amd MMP-mediated effects by tissue inhibitors (TIMPS). Plasminogen
at 5, 10 and 15 weeks, respectively; corresponding values for miceaativators are also inhibited by plasminogen activator inhibitors (mainly
the SFD were 26 0.6 g, 31 £0.9gand 31 £ 1.2 g (all p < 0.001). TRAI-1) (4). PAI-1 is highly expressed in adipose tissue and may play a
weight of the isolated subcutaneous (SC) or gonadal (GON) fat afterrbfe in the development of obesity (5-9). PAI-1 deficient mice kept on
weeks of HFD was 1,870 + 180 mg or 1,470 + 160 mg, as comparectdigh fat diet indeed develop more adipose tissue than their lean
250 £ 58 mg or 350 = 71 mg for the SFD (p < 0.001). The HFD ircounterparts (9), and transgenic mice overexpressing PAI-1 have
duced marked time-dependent hyperglycemia and elevated levelyidiually no intraperitoneal fat (10). Conditioned medium of rat
triglycerides and total cholesterol. The HFD diet also induced a marlkedipocytes contains a MMP-2 (gelatinase A) like gelatinolytic activity,
hypertrophy of the adipocytes as compared to the SFD, e.g. diametethaf may play a role in their organization into large multicellular
83 + 3.0 um versus 52 + 4.2 ym for GON adipocytes at 15 weekhisters (11). High expression of MMP-2 was reported in adipose tissue
(p < 0.005). Plasma plasminogen activator inhibitor-1 (PAI-1) levels mice with nutritionally induced obesity as well as in genetically
were higher in mice on the HFD as compared to the SFD; they welgese mice (12), and in human adipose tissue (13). A detailed analysis
comparable in extracts of SC or GON adipose tissue, whereasofithe expression of MMP system components in adipose tissue of lean
different time points tissue-type (t-PA) and urokinase-type (u-PAind obese mice revealed upregulation with obesity of mMRNA levels of
plasminogen activator activity was somewhat lower in the adipoMMP-3, -11, -12, -13, -14 and TIMP-1, and downregulation of
tissues of mice on HFD. Gelatinolytic activity (mainly MMP-2) wasMMP-7, -9, -16, -24 and TIMP-4 (14). Several lines of evidence thus
detected in SC but not in GON adipose tissue of mice on SFD, dndicate a potential role of the fibrinolytic and MMP systems in
decreased on the HFD. In situ zymography on cryosections did molipose tissue development.
reveal different fibrinolytic activities in SC or GON adipose tissues of Specific molecular interactions between both systems furthermore
the HFD as compared to the SFD groups, whereas significantly loveeiggest that they may cooperate in achieving matrix degradation (4).
gelatinolytic and higher caseinolytic activities were detected in SC awée have used a nutritionally induced obesity model in mice to monitor
GON tissues of mice on the HFD (p < 0.05). The fibrillar collagefibrinolytic and gelatinolytic activity as a function of time during
content was lower in adipose tissue of mice on HFD. Thus, in thisvelopment of adipose tissue.
model time-dependent development of adipose tissue appears to be

associated with modulation of proteolytic activity. Materials and Methods

Introduction Diet Model

Obesity is a common disorder and its related diseases such abive week old male mice with a 75% C57BI/6: 25% 129SvJ or 81%
non-insulin-dependent  diabetes mellitus, cardiovascular disea€87BI/6: 19% 129 SvJ genetic background weighing about 20 g, were kept in
atherosclerosis and hypertension are a main cause of death jiggo-isolator cages on a 12-h day/night cycle and fed water and a standard

disability in Western societies. Development of obesity is associat@§diet (SFD) or high fat diet (HFD) ad libitum. The SFD (4%, wiw, fat, 13%
kcal as fat; KM-04-k12, Muracon, Carfil) contains (g/kg) crude protein (216),

fiber (43), fat (50), ash (62), mineral mix and vitamin mix. The HFD (TD
88137, Harlan Teklad, Madison, WI) contains (g/kg) casein (195), DL-methionine
(3.0), sucrose (341), corn starch (150), anhydrous milkfat (210), cholesterol

Correspondence to: H.R. Lijnen, Center for Molecular and Vascular Biol¢t.5), cellulose (50), mineral mix AIN-76 (35), CaCO3 (4.0), vitamin mix (10),
gy, University of Leuven, Campus Gasthuisberg, O and N, Herestraat 48d ethoxyquin (0.04); this corresponds to 21%, w/w, fat coming from milk fat
B-3000 Leuven, Belgium — Tel.: 32-16-345775; Fax: 32-16-345990; E-maiénd 49%, wiw, carbohydrate coming from sucrose and corn starch, yielding
roger.liinen@med.kuleuven.ac.be 42% kcal as fat.
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Mice were weighed every week. Food intake was measured for 48 h periodmediately frozen at —-80° C for protein and mRNA extraction, other portions
at weekly intervals from week 4 to 11 of the diet period, and expressed as gwere used for histology.
24 h. To evaluate physical activity, mice were placed in a separate cageOther organs, including lungs, kidneys, liver, spleen and heart were also
equipped with a turning wheel linked to a computer to register full turnimgmoved, weighed and stored at —20° C.
cycles in 48 h periods during weeks 4 to 11 of the diet; data are represented as
number of cygles per 12 h. At the end of thg qliet Iperiod, following overnightyemostatic and Metabolic Parameters
fasting the mice were anesthetized by i.p. injection of 60 mg/kg Nembutal
(Abbott Laboratories, North Chicago, IL). All animal experiments were approved White blood cells, red blood cells, platelets, haemoglobin and haematocrit
by the local ethical committee and were performed in accordance with fegels were determined using standard laboratory assays. PAI-1, t-PA, and
guiding principles of the American Physiological Society and the InternationalPA antigen levels were measured with specific ELISA's (16).

Society on Thrombosis and Haemostasis (15). Blood glucose concentrations were measured using Glucocard strips
(Menarini Diagnostics). For glucose tolerance tests, glucose (2 mg/g body
Blood Collection and Tissue Preparation weight) was injected intraperitoneally and glucose levels were measured at

different time points (0-120 min) after injection. Triglycerides, and total
Blood was collected from the retroorbital sinus with or without addition atholesterol were evaluated using routine clinical assays.
trisodium citrate (final concentration 0.01 mol/L); plasma and serum were
stored at —20° C. Intra-abdominal (gonadal, QON) and in'guinal S“bC“ta”eQ'g‘/f‘nographic Analysis
(SC) fat pads were removed and the wet weight determined. The SC fat pad
represented the adipose tissue overlying the posterior iliac crest and wagxtraction of adipose tissue (about 250 mg/ml) was performed by overnight
dissected from its attachment sites to the skin. One portion of fat tissue wasibation at 4° C on a tilting table in 10 mmol/L sodium phosphate buffer, pH

Table 1 Time course of

Parameter 5 weeks 10 weeks 15 weeks adipogenesis in wild-type

mice kept on SFD or HFD
SFD HFD SFD HFD SFD HFD

Weight gain (g)® 9.3+1.3 13+0.8 12+1.5 17£2.4 13+1.1 30+1.3%%*

Body weight (g)® 26+0.6 3140.9%%* 3109 38+2.0%:%* 31x1.2 47+].9%x*

Body weight (g)© 23+1.1 314]1.3%:* 26+0.7 3841 .4%%* 28+0.8 4441 THx*

SC fat (mg) 97+12 630+£150%* 200+39 1460£200%* 250+£58  1870+180%***

GON fat (mg) 18623  900+180*** 270+46 1530£120%** 350£71  1470£160%*%**

Adipocyte number (x10°%/um?)
SC 1,670+180  820+230* 1,560+320  400+36%** 880+150  270+27**
GON 890+70 320+42%%** 720+120 210£56%** 550+98 195+12%*
Adipocyte diameter (um)
SC 29+1.8 48+7.0* 31x2.1 59+3.0%** 41+2.6 T1£2.0%*

GON 39+1.7 66+4.0%*** 45+3.2 T8+1.0%%* 52+4.2 83+3.0%*

Data are mean + SEM of 6 to 12 experiments; *, p < 0.05, **, p < 0.005 and ***, p < 0.001

versus SFD.
@Weight gain at the end of the diet period.
®Body weight at the end of the diet period.

©Body weight at time of sacrificing, after overnight fasting.
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Fig.1 Evolution of the body weight of wild-type
mice kept on SFDx) or HFD (e ). Data are mean + 0 . | . L
SEM of 19 to 24 determinations up to 5 weeks, of 11 tg 0 2 4 6 8 10 12 14 16

16 determinations up to 10 weeks and of 6 to 9

TIME k
determinations up to 15 weeks of diet. *p < 0.01 (weeks)

7.2, containing 150 mmol/L NaCl, 1% Triton X-100, 0.1%SDS, 0.5% sodiumercent of the section area that is actually measured. Four to nine sections
deoxycholate and 0.2% NagMfter centrifugation, the protein concentration ofwere analyzed per animal and then averaged. Mature adipocytes and stromal-
the supernatant was determined (BCA assay, Pierce) and the extracts waseular (S-V) cells were isolated from the tissues by collagenase treatment
stored at -80° C. (20). Briefly, minced adipose tissues were digested by incubation in KRB,
Zymographic analysis of plasminogen activator activity (t-PA or u-PA) wasH 7.3, supplemented with 3% (w/v) albumin (KRB-BSA), and 1.5 mg/ml
performed after electrophoresis of adipose tissue extracts (40 g total protewmilagenase (Sigma) on a shaking platform at 37° C for 1 h. Undigested tissue
on a 12% acrylamide gel cast with 1% nonfat dry milk and 5 pg/ml humdragments were removed by filtration through a nylon screen. Mature adipocytes
plasminogen under nonreducing conditions (17). Zymographic analysis veére separated by their ability to float upon low-speed (200 g) centrifugation.
gelatinase activity in adipose tissue extracts (20 ug total protein) was perforriiée floating fat cell layer was resuspended in KRB-BSA, washed and centrifuged
on 10% Tris-glycine gels with 0.1% gelatin (18). The lysis of the substrate gajain. The first and second pellets containing S-V cells were pooled after
was quantified using Quantimed 600 image analysis software (Leica) aeduspension in the same buffer and centrifuged. Red blood cells contaminating
expressed in arbitrary units obtained per g of adipose tissue, to correcttfar S-V fraction were eliminated using the Red Blood Cell Lysis Buffer (Roche
different total protein concentrations in the extracts (17). Because of differdviblecular Biochemicals, Germany) according to manufacturer's instructions.
efficiencies for lysis of the substrate gel, u-PA and t-PA activities cannot e two cell populations were washed three times with PBS and finally
directly compared. resuspended in 200 pl PBS.
In situ zymography on 10 um cryosections of adipose tissue using
casein- or gelatin-containing gels was performed essentially as descriiadna Determination
(19). The substrate gel (0.5% agarose) contained 1.0 mg/ml resorufin-labeled
casein (Boehringer Mannheim) or pig skin gelatin Oregon Gleet88 DNA-free total RNAs were extracted from frozen adipose tissues (GON and
conjugate (Molecular Probes BV). Overlays were analysed by comput&€) as well as from isolated mature adipocytes and stromal-vascular cells by
assisted image analysis (Zeiss, Axioplan 2) after incubation for 24-48 h ithe HighPure RNA tissue and HighPure RNA isolation kits (Roche Molecular
moist chamber at 37° C, and the lysis area was normalized to the total sedmthemicals), respectively, according to the manufacturer's instructions. RNA
areas. concentrations were measured using the RiboGreen RNA quantification kit
For in situ zymography of 10 um cryosections of adipose tissue on fibrfolecular Probes). Total RNA samples were diluted in water and stored at
overlays a gel was prepared by clotting a mixture of human fibrinogen (fineB0° C until use.
concentration 4 mg/ml), plasminogen (final concentration 10 pg/ml), and The expression level of different RNAs was determined with a semi-
agarose (final concentration 0.5%) with thrombin (final concentration 0.3 NigLiantitative RT-PCR assay as follows. Specific reverse transcription reactions
U/ml). Zymography was performed at 37° C for 2 h, without or with addition tevere performed from 10 ng of total DNA-free RNA with thermostable reverse
the gel of neutralizing antibodies against murine t-PA (final concentratidranscriptase {ith) at 70° C during 15 min using the Gene Amp Thermostable
200 pg/ml). Lysis areas were normalized to the section areas (17). RNA PCR Kit (Applied Biosystems) and target specific antisense primers
(GTTTTTGATGCTATTGCTGAGATCCA for MMP-9 and GGATTCTGAC-
TTAGAGGCGTTCAGT for 28S rRNA). For PCR amplifications, the reverse
transcription products were added to PCR master mixes containing the target
The number of adipocytes (expressetkdd-5 per unt) in 15 um frozen-cut ~ specific sense primers (CCCACATTTGACGTCCAGAGAAGAA for MMP-9
adipose tissue sections, stained with haematoxylin-eosin under standayd GTTCACCCACTAATAGGGAACGTGA for 28S rRNA). After 120 s at
conditions, and their mean diameter were determined by computer-assi&BtC, the PCR mixtures were subjected to a cycle profile including denaturation
image analysis. For each animal, 3 to 5 areas in 4 different sections each vi@rd5 s at 94° C, annealing for 20 s and 30 s at 68° C and 63° C, extension
analyzed; the data were first averaged per section and then per animal. Staiitind0 s and 30 s (cycle profile for 28S rRNA and for MMP-9) at 72° C and
of fibrillar collagen with Sirius red was performed on paraffine sections, arfithally 2 min extra extension at 72° C for the last cycle. The reactions were
quantified by computer-assisted image analysis, the stained area is expressedifor the corresponding number of cycles (44 or 39 for MMP-9 and 19 or 17

Morphometric Analysis
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o . Fig. 2 Histochemical analysis of GON adipose tissue
. . obtained from mice kept on SFD (A,B) or on HFD
Sipm 50 pm (C,D) for 15 weeks. Staining was performed with
— haematoxylin-eosin (A and C), or Sirius red (B and D)

for 28S rRNA in adipose tissue or isolated cells, respectively) in a thernRésults
cycler (GeneAmp9700, Applied BioSystems or PTC100, MJ Research).

RT-PCR products were separated on 10% acrylamide gels and staigg@|ution of Body and Adipose Tissue Weight
with SYBR Green (Molecular Probes). The expected size of the PCR product is

208 bp for MMP-9 and 212 bp for 285 rRNA. At the start of the diet (5 weeks of age) the body weight of the
animals in the SFD and HFD groups was comparable. The increase in
Statistical Analysis body weight with time was higher for the mice on HFD as compared to

Data are expressed as mean + SEM. Statistical significance between roSL'JFD (Fig. 1 and Table 1). Mice were sacrificed after 5, 10 or 15 weeks
P " ' 9 IBRSBFD or HFD. At each time point, the weight of the isolated SC or

was evaluated using non-parametric t-testing. Values of p < 0.05 were consid L . :
statistically significant. TON fat pads was significantly higher in the HFD groups (Table 1).

Table 2 Fibrillar collagen
Stained area (% of section area measured) content in SC or GON
adipose tissue of mice kept
on SFD or HFD, as measured

SC GON by Sirius red staining.
Stained area (% of section
area measured)
SFD HFD SFD HFD
5 weeks 39 +4.38 13 £4.2%* 1019 2.4 +£0.48***
10 weeks 31+64 8.3 & 1.4%x* 14+2.0 4.7 £ 0.90**
15 weeks 21+23 13£1.1%* 83+20 10+£1.3

Data are mean = SEM of 6 to 8 determinations.

*,p<0.05, **, p <0.005 and ***, p < 0.001 versus SFD.
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Fig. 3 Glucose tolerance test in mice kept on SFD
(w) or HFD (e) for 15 weeks. Blood glucose levels

were measured at different times after intraperitonedg| 0 . ! , I ‘ ! . | . ! . |
injection of glucose (2 mg/g body weight). Data are 0 20 40 60 80 100 120
mean + SEM of 6 experiments. * and **, p < 0.05 and TIME (min)

p < 0.005 versus SFD

The weight of other organs, including lung, kidney, spleen and heartThe food intake of wild-type mice on SFD or HFD was not
was very similar for SFD or HFD feeding of wild-type mice forsignificantly different: 3.7 + 0.09 g/24 h versus 3.5 + 0.18 g/24 h
15 weeks, whereas the liver was 10-20% heavier on HFD feedifigean + SEM of 16-18 measurements). Physical activity at night was
(not shown). also comparable for mice on SFD or HFD: 8,200 + 2,200 cycles/12 h

Table 3 Metabolic and

haemato|0g|c parameters Parameter 5 weeks 10 weeks 15 weeks
of mice kept on SFD or
HFD
SFD HFD SFD HFD SFD HFD
Glucose (mg/dl) 85+34 72+409 83+69 8277 79 8.7 135 + 16*
Triglycerides (mg/dl)  35+24 95+ 16* 51+10 74+6.7 54+£9.6 95 +7.1*

Cholesterol (mg/dl) 67+84 93+13* 64+43 105 + 7.3%* 74+4.0 130 £ 15%*

PAI-1 (ng/ml) 28+04 4.1x05 2.7+0.7 4.7+0.5 25+03 10 + 1.8***
WBC (x10°/1) 1.8+02 23+02 1.9+02 33+0.5* 2.1+0.2 4.5 +0.9%*
RBC (x10'%/1) 84+02 8.1z+0.1 82+0.2 8.0+0.1 8.1+0.1 7.8+0.2
Haemoglobin (g/dl) 13£02 13%0.2 13+0.2 13+0.1 13+£0.1 12+£0.3
Haematocrit (%) 40+0.7 40x0.6 39+1.0 39+04 38+0.8 38+£0.9
Platelets (x10°/1) 71068 760+120 700 + 84 850 +30 750 + 61 820 =27

Data are mean + SEM of 6 to 12 experiments.

*, p <0.05, **, p <0.005 and ***, p < 0.001 versus SFD.
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increased by a factor of 5.2 or 4.1 respectively, as compared to the SFD.
A The volume of adipocytes in the GON tissue was larger than in the SC
tissue: 2.0 fold or 1.6-fold after 15 weeks of SFD or HFD respectively.
Staining of adipose tissue sections with Sirius red (Fig. 2, B and D)
showed the presence of fibrillar collagen throughout the sections.
Quantitation of the stained area revealed that the collagen content in

1 2 3 4
SC or GON adipose tissue of mice on HFD was lower than on SFD
(Table 2).
Haematologic and Metabolic Parameters
Plasma haematologic parameters, including red blood cells, platelets,

haemoglobin and haematocrit levels in mice fed the SFD or HFD did
not change significantly with age, and were not different between both
B diets. White blood cell counts were higher after 10 and 15 weeks of
HFD, as compared to the SFD. Plasma PAI-1 levels after 15 weeks of
HFD were significantly enhanced (Table 3).

kD The HFD induced marked hyperglycemia, with glucose levels
increasing with duration of diet; after 15 weeks of HFD the level was
significantly enhanced as compared to the SFD (p < 0.05) (Table 3).
H Glucose tolerance tests after 15 weeks of SFD or HFD feeding revealed
58 higher blood glucose levels at 45 to 120 min after intraperitoneal
glucose injection in the mice on HFD (Fig. 3). At each time point, plasma
triglycerides and total cholesterol were higher on the HFD (Table 3).
Fig. 4 Zymographic analysis of adipose tissue extracts. Extracts of SC (lanes

1 and 2) or GON (lanes 3 and 4) adipose tissue obtained from mice kept on
(lanes 1 and 3) or HFD (lanes 2 and 4) for 15 weeks were applied to ca

(panel A) or gelatin (panel B) containing gels In extracts of SC or GON adipose tissue, PAI-1, t-PA and u-PA
antigen levels at 5, 10 or 15 weeks were overall comparable or
somewhat lower for the HFD groups (Table 4). Zymography on casein-

versus 8,600 + 620 cycles/12 h (mean + SEM of 7-8 measurementgptaining gels confirmed the presence of t-PA and u-PA activity (Fig.

during the day physical activity was very low and was also comparadld). At the different time points, t-PA and u-PA activities were lower

for both regimens. in the SC and in the GON adipose tissue of the mice on HFD.
Zymography of extracts on gelatin-containing gels revealed the

presence of 70 kDa and 65 kDa proMMP-2 forms and of 58 kDa active

MMP-2 (Table 4 and Fig. 4B). The most striking observation was the

In both SC and GON fat pads, the mean diameter of the adipocytetual absence of active MMP-2 in GON adipose tissue of mice on
increased with time, and was significantly higher in the mice on HFD 8&D, whereas it was present in that of mice on HFD. In contrast, active
compared to SFD (Table 1 and Fig. 2, A and C). Thus, after 15 wed#®IP-2 levels in the SC tissue were somewhat lower in the HFD
of HFD the mean volume of adipocytes in the SC or GON tissues wgsups. (Pro)MMP-9 was not consistently detected. However, MMP-9

t-PA —

u-PA —

FD. . . . .
j%}ﬁrmolync and MMP System Components in Adipose Tissue

Cellularity of Adipose Tissue

Table 4 Fibrinolytic and MMP system components in adipose tissue of mice kept on SFD or HFD

5 weeks 10 weeks 15 weeks
sC GON sC GON SC GON
SFD HFD SFD HFD SFD HFD SFD HFD SFD HFD SFD HFD
Protein (mg/g)* 30:3.4 15£3.4% 18:18  8.1x0.9%** 25£3.5 13x1.5* 21540  7.2+0.6** 22+8.0 1313 27:3.0 13+3.0%
PAI-1 antigen® (ng/g) 41284 15£2.3%* 18+1.0 1322.1% 25+4.5 15£2.0 23+5.1 13£1.3* 20+5.7 19+2.4 1542.5 18+1.8
t-PA antigen® (ng/g) 20433 122.6 13£13  9.1£1.1% 20+5.2 1415 174.9 9.1+0.9 8.540.5 11£0.8 10+1.3 1113
t-PA activity® (AU/g) 310£130  28x18* 220465 79524 350+100 32:14 200£120  140+17 13090 17+7.8 23060 32+20%
u-PA antigen® (ng/g) 54%5.8 48:8.4 50+11 31237 45:10 38435 62+24 33255 76£16 50+9.4 72£12 56+6.6
u-PA activity® (AU/g) 1300+320  360+75* 1100£170  300£33* 17004280  460+£58** 1000+440  320+60 23004620 500+140 1000£120  190+72*
70 kDa proMMP-2° (AU/g) ~ 740:260  610+220 850+260  440+160 2300+1800  420+150 810£450  160+30 1600+1000  320+220 1300£440  75:35%
65 kDa proMMP-2° (AU/g) ~ 4100+950  3100+1200 3100£620 1700510 4400+3100 2300360 3600+1800  1000+240 5600+2100  1500+780 6100£1900  940:+340*
58 kDa MMP-2° (AU/g) 1100990  500+290 N.D. 60+47 370£320 220195 N.D. 6723 840£480  240+140 N.D. 54+34
Data are mean + SEM of 4 to 9 determinations. *, p < 0.05, **, p < 0.005 and ***, p < 0.001 versus SFD; N.D., not detectable.
@protein extracted per g adipose tissue; ®antigen levels expressed as ng per g adipose tissue; ©activity levels expressed as arbitrary units (AU) of lysis per g
adipose tissue.
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mRNA levels in both SC and GON adipose tissue and in isolatéu= 24) of control in the casein overlays and to 33 + 7.3% (n = 22) of
adipocytes and stromal-vascular cells, determined by semi-quantitatbemtrol in the gelatin overlays (not shown).
RT-PCR, appeared to be downregulated on the HFD, and it was
expressed mainly in the stromal-vascular cell fraction (Fig. 5). Discussion
In situ zymography with fibrin-containing gels on cryosections of
SC or GON adipose tissue did not reveal different fibrinolytic activity The molecular mechanisms involved in development of obesity
after 15 weeks of SFD or HFD (Table 5). Addition of anti-t-PA antibodiesmain largely unknown, partly due to the lack of appropriate quantita-
virtually abolished the fibrinolytic activity, indicating that it is mainlytive models. Development of obesity is associated with an extensive
t-PA dependent (not shown). reorganization of the adipose tissue involving adipogenesis, angiogenesis
In situ zymography with casein- or gelatin-containing gels oand ECM remodeling. The ECM does not only function as a structural
cryosections of SC or GON adipose tissue confirmed the presenceswport, but also affects cell-cell interactions and processes such as
MMP activity in the tissue. After 15 weeks of HFD, the caseinolytidifferentiation and migration that may be required for the cellular
activity in SC and GON adipose tissue was significantly higher, breorganization of fat pads and for regulation of the expression of
the gelatinolytic activity significantly lower, as compared to the SFBdipocyte genes (21-24). Because of the multiple functions attributed to
(Table 5). Addition of a mixture of EDTA (final concentrationthe plasminogen/plasmin and MMP systems it is likely that these affect
25 mmol/L) and 1,10 phenanthroline (final concentration 5 mmol/L) teveral cellular processes in adipose tissue. Proteinases of both systems
the agarose gel resulted in inhibition of the lytic activity to 40 + 7.4%re, indeed, collectively able to cleave a wide variety of substrates,

Table 5 Fibrinolytic, gelatinolytic and caseinolytic
activity in adipose tissue of mice kept on SFD or HFD|

for 15 weeks, as measured by in situ zymography Lysis/section area
Fibrin Gelatin Casein
SC SFD 0.47 +0.070 0.22 +0.046 0.11 £0.016

HFD 0.52 +0.072 0.08 £0.027*  0.19 £0.034*

GON SFD 0.40 +0.057 0.30 +£0.031 0.088 +0.016

HFD 0.36 £0.047  0.033 +0.007** 0.22 +0.041%*

Data are mean + SEM of 5 to 7 determinations.

*,p<0.05 and **, p < 0.005 versus SFD.
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including ECM components, other proteinases and their inhibitors, PAI-1 kept on HFD have revealed a potential role (9, 29). These
and matrix receptors (25), whereby adipose tissue remodeling mayshelies suggested that the t-PA/PAI-1 pathway but not the u-PA/PAI-1
facilitated. Furthermore, adipocytes are surrounded by a basemgsthway plays a role in adipose tissue development, as t-PA deficient
membrane (26) that has to be extensively remodeled in order to allmice showed more marked obesity when kept on HFD than their
the hypertrophic development of adipocytes observed in obestiyild-type counterparts (29). In agreement with this finding, we have
MMPs and plasmin can also release, activate or degrade several gratserved throughout the time course significantly lower t-PA activity
factors and cytokines (25) implicated in obesity and play major roleslavels in extracts of SC and GON adipose tissue from the obese mice on
angiogenesis (27), an essential process in adipose tissue developiHEt. We have also focused on the gelatinases because their expression
(2). has been observed in adipose tissue of nutritionally induced and

We have used a nutritionally induced obesity model in mice to stuggnetically obese mice (12), as well as in that of humans (13). Recently,
a potential role of fibrinolytic or gelatinolytic activity in developmentit was observed that galardin, a hydroxamate-based broad spectrum
of adipose tissue. MMP inhibitor reduces adipose tissue weight in this model (30).

The model involves the administration to 5 week old mice of a high The data obtained in this time course study of development of
fat diet (HFD) for periods up to 15 weeks. Preferentially male mice aadipose tissue thus are compatible with a potential role of fibrinolytic
used in order to avoid large differences in body weight that may be durel/or gelatinolytic activity. The molecular mechanisms of these
to hormonal effects on synthesis or secretion of components of th&ractions remain to be further detailed. Plasmin-mediated proteolytic
system under evaluation, or of other systems that may play a roleagtivity may directly degrade some matrix components, or indirectly
development of adipose tissue. A head to head comparison of obesityignactivation of matrix metalloproteinases.
male and female wild-type mice kept on the HFD has however not
been made. The model is characterized by a significantly faster gaimeknowledgements
body weight in the mice on HFD (from the third week on) as compared
to standard chow; this can be partly explained by adipocyte hypertroph
The observed difference in SC and GON adipose tissue weight of Wi%
kept on HFD does apparently not explain the large difference in to
body weight. It should be kept in mind, however, that not all the body
fat is recovered. Furthermore, the finding that food intake and physical
activity is comparable for mice on SFD and HFD and that the weight of
other organs is not significantly different, suggests that the obsenReferences
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