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Abstract
Purpose: Matrix metalloproteinases (MMPs) are the main proteolytic enzymes 
involved in the pathogenesis of chronic obstructive pulmonary disease (COPD). 
A radiolabelled MMP inhibitor, [18F]FB-ML5, was prepared and its in vivo kinetics 
were tested in a mouse model of pulmonary inflammation. 
Procedures: BALB/c mice were exposed for four days to cigarette smoke (CS) or 
air. On the fifth day, a dynamic microPET scan was made with [18F]FB-ML5. 
Results: Standardized uptake values (PET-SUVmean) were 0.19 ± 0.06 in the lungs 
of CS-exposed mice (n = 6) compared to 0.11 ± 0.03 (n = 5) in air-exposed controls 
(p < 0.05), 90 min p.i. MMP-9 levels in bronchoalveolar lavage fluid (BALF) were 
increased from undetectable levels to 4615 ± 1963 pg.mL-1 by CS exposure. 
Conclusions: Increased MMP expression in a COPD mouse model was shown to 
lead to increased retention of [18F]FB-ML5. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by irreversible 
airway limitation and accelerated lung function decline.  The worldwide incidence 
of COPD is increasing and COPD has become the 5th cause of death [1-4]. Smoking 
is the major risk factor for the development and progression of COPD. An aberrant 
inflammatory response to noxious insults, with neutrophilic airway inflammation, 
underlies the symptoms of COPD, which include alveolar destruction (emphysema) 
and peripheral airway disease (chronic bronchitis), leading to dyspnoea, abundant 
sputum production, chronic cough and wheezing. A number of tests contribute to 
identify COPD, including differential diagnosis from pulmonary function depres-
sion due to congestive heart failure or asthma, however actual imaging procedures 
(e.g. scintigraphy with radiolabelled aerosols or particles) are not disease-specific 
[5].

Matrix metalloproteinases (MMPs) are neutral zinc endopeptidases that degrade 
and remodel structural proteins of the extracellular matrix (ECM) [6] and thereby 
play a crucial role in tissue repair and remodelling upon injury. MMPs are expressed 
as inactive pro-proteins and necessitate enzymatic removal of the pro-domain to 
become proteolytically active. Active MMPs can be inhibited by endogenous in-
hibitors, including tissue inhibitors of metalloproteinases (TIMPs) [7, 8]. Recently, 
an imbalance between MMP activity and inhibition has been associated with the 
pathogenesis of COPD [9, 10]. Among all the members of the MMP family, MMP-9 
(gelatinase B) attracted the most interest for its involvement in COPD. For instance, 
85% of COPD patients exhibited the activated form of MMP-9 (85 kDa) in their spu-
tum whereas this form was not present in control subjects [11]. Thus, the ability 
to image MMP activity non-invasively in vivo would allow the characterization and 
detection of COPD.

Some studies have been published on imaging of MMPs in relation to COPD. 
MMPSense 680, an MMP substrate, was labelled for near-infrared fluorescence 
(NIRF) imaging, and evaluated in vivo in a mouse model of pulmonary inflamma-
tion [12]. Susceptible C57BL/6j mice were compared to 129S2/SvHsd resistant 
mice. One day after exposure to three consecutive cigarettes and probe administra-
tion, the mice were scanned. Exposed susceptible mice exhibited a two-fold higher 
signal in their lung parenchyma than air-exposed mice of the same strain. However, 
resistant mice did not exhibit any difference between treated animals and controls. 
The ex vivo imaging data confirmed these findings, and uptake of the NIRF probe 
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was significantly correlated with MMP-9 levels as determined by Western blotting. 
Even if these results seem promising, NIRF has a limited spatial resolution, a low 
signal to background ratio and is restricted to animals and ex vivo studies [13]. 
As proteolytic activity of MMPs is highly regulated in the pathogenesis of COPD 
and since positron emission tomography (PET) is used for the imaging of systemic 
disorders, we radiolabelled a synthetic MMP inhibitor (MMPI) [14] to detect active 
MMPs in a mouse model of pulmonary inflammation by microPET.

Here we report our preclinical evaluation of the peptidomimetic MMP inhibitor 
[18F]FB-ML5 [Fig 1] in an established mouse model of cigarette smoke (CS)-induced 
neutrophilic airway inflammation [15, 16]. [18F]FB-ML5 has a hydroxamate as a 
zinc-chelating group, an isobutyl group in the S1’ pocket, a benzyl group in the S2’ 
pocket and a [18F]fluorobenzoyl-lysine in the S3’ pocket of the MMP binding site 
[14 and Suppl. information]. FB-ML5 is a broad-spectrum inhibitor that principally 
inhibits MMP-2 (gelatinase A, IC50 = 12.5 nM), MMP-9 (gelatinase B, IC50 = 31.5 nM), 
MMP-12 (macrophage metallo-elastase, IC50 = 138 nM) and ADAM-17 (a disintegrin 
and metalloproteinase-17, IC50 = 24.7 nM) [14]. 

Materials and methods
All chemicals were obtained from commercial suppliers (Aldrich, Fluka, Sigma 
and Merck) and were used without further purification. Solid phase extraction 
cartridges were obtained from Waters Chromatography Division, Millipore Corpo-
ration.

Chapter 3 - Figure 2S 

 
Figure 2S: Reconstructed radiochromatogram of a plasma extract from a control mouse (mouse # 1) at 90 

min p.i. of [18F]FB-ML5 
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Figure 1: Structures of ML5 and [18F]FB-ML5 

	  

 

 

 

 

 

Figure 1: Structure of ML5 and [18F]FB-ML5



101

CHAPTER

4

For tracer purification and metabolite analysis, high-performance liquid chro-
matography (HPLC) was performed with an Elite LaChrom Merck Hitachi L-7100 
pump system using a Phenomenex reversed-phase (RP) Luna C18 column (10 mm 
x 250 mm, 5 µm) equipped with both ultraviolet (UV) (UV detector set at 254 nm, 
AUFS = 0.5) and a Bicron radioactivity monitor. Gradient elution was performed 
using a mixture of 0.01 M monosodium phosphate buffer NaH2PO4 pH 6.0 (solvent 
A) and CH3CN (solvent B). The following gradient profile (overall time = 47 min) 
at a flow rate of 2.5 mL.min-1 was used: 30% of CH3CN in solvent A over 5 min, 
followed by a linear gradient from 30% to 60% of CH3CN in solvent A over 40 min 
and followed by a linear gradient from 60% to 10% of CH3CN in solvent A over 2 
min. An injector block with a loop of 1 mL was used for sample injection.
For quality control analysis, analytical HPLC was performed with an Elite LaChrom 
Merck Hitachi L-7100 pump system using a Phenomenex RP Luna C18 column (4.6 
mm x 250 mm, 5 µm) equipped with both UV (UV detector set at 254 nm, AUFS = 
0.010) and a Bicron radioactivity monitor. Gradient elution was performed using a 
mixture of H2O + 0.1% trifluoroacetic acid (TFA) (solvent C) and CH3CN + 0.1% TFA 
(solvent D). A linear gradient (overall time = 60 min) starting from 95% solvent C 
in solvent D to 100% solvent D at 60 min was employed at a flow rate of 1 mL.min-1. 
An injector block with a loop of 100 μL was used for sample injection.

Radiosynthesis of [18F]FB-ML5  
The radiosynthesis of [18F]FB-ML5 and its quality control has been previously 
described [14]. In brief, [18F]FB-ML5 ((R)-N1-((S)-1-(((S)-1-amino-6-(4-[18F]
fluorobenzamido)-1-oxohexan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)-N4-hydro-
xy-2-isobutylsuccinamide) [Fig 1] was prepared from the MMP inhibitor ML5 
((R)-N1-((S)-1-(((S)-1,6-diamino-1-oxohexan-2-yl)amino)-1-oxo-3-phenylpropan-2-
yl)-N4-hydroxy-2-isobutylsuccinamide) [Fig 1]. [18F]FB-ML5 was obtained by direct 
acylation of the ε-amino group of the lysine of ML5 with N-succinimidyl-4-[18F]
fluorobenzoate ([18F]SFB) in solution: 0.5 mg (1.08 μmol) of ML5 in 500 μL 0.01 M 
phosphate buffer pH 8.5 was transferred to a solution of [18F]SFB in 500 μL CH3CN. 
The reaction was performed at 50 0C for 30 min. [18F]FB-ML5 was purified by semi-
preparative RP HPLC. The retention time of [18F]FB-ML5 was about 20.3 min. The 
HPLC-collected fraction was diluted with 100 mL of water and passed through an 
Oasis HLB 30 mg (1 cc) cartridge. The cartridge was washed with 10 mL of water 
and eluted with 0.7 mL of absolute ethanol. The product was re-dissolved in saline in 
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order to decrease the ethanol fraction to < 10% for injection in experimental animals. 
Quality control was performed by analytical HPLC. The retention time of [18F]FB-ML5 
was 37 min.

Animals 
Inbred male BALB/c (BALB/cOlaHsd) mice were obtained from Harlan (Lelystad, 
The Netherlands). The mice were housed in individually ventilated cages on a 
layer of wood shavings in a room with constant temperature (~ 20 °C) and fixed, 
12-hour light-dark regime. Food (standard laboratory chow, RMH-B, Hope Farms, 
The Netherlands) and water were available ad libitum. After arrival, the mice were 
allowed to acclimatize for at least seven days. The study was approved by the Insti-
tutional Animal Care and Use Committee of Groningen University, The Netherlands 
(DEC 6058A).

Exposure of mice to CS and air
The animal model of pulmonary inflammation described by Vlahos et al. and van 
der Toorn et al. [15, 16] was used with some modifications. Mice were randomly 
divided into two groups: control animals (air-exposed, n = 6) and mice exposed to 
CS (n = 6). Mice were exposed to CS twice a day for four days, using respectively 1 
and 3 cigarettes for the initial CS exposure on day one and 5 cigarettes for every 
exposure on subsequent days. Kentucky 2R4F research reference cigarettes (To-
bacco Research Institute, University of Kentucky, Lexington, KY) were used. Filters 
were cut from the cigarettes, and each cigarette was smoked in 5 min with a 17 
mm butt remaining, using a peristaltic pump (Watson Marlow 603S, Rotterdam, 
The Netherlands). Whole body exposure was used; each cigarette was smoked at 
a rate of 5 L.h-1 in a ratio with 60 L.h-1 air. The gaseous-phase of CS was distributed 
inside 6-liter perspex boxes placed in a class II biosafety cabinet. Control mice were 
treated in an identical manner (frequency, duration of treatment), exposing them 
to 60 L.h-1 air without CS in similar boxes. On the fifth day, a microPET scan was 
made as described below. One mouse from the control group developed spontane-
ous illness during treatment and was therefore terminated. As a result, the number 
of mice from the air-exposed group was reduced to n = 5.
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MicroPET studies
The microPET study was performed with two animals scanned simultaneously: a 
CS exposed mouse and an air-control mouse. [18F]FB-ML5 (7.3 ± 4.3 MBq, 0.10 ± 
0.05 μg, 0.16 ± 0.08 nmol), dissolved in saline, was injected into the penile vein of 
mice anesthetized with a mixture of 5% isoflurane and medical air at 2 mL.min-1, 
after which anesthesia was maintained with 2% isoflurane. Following induction 
of anesthesia, the mice were placed above each other, in transaxial position in the 
microPET camera, with the thorax in the scanner field of view. The position of the 
animals was exchanged at the subsequent scan according to the treatment of the 
animals to avoid the variability in the dynamic curves from animal to animal. Body 
temperature of the animals was maintained by electronically regulated heating 
pads. Data acquisition of the microPET camera was continued for a period of 90 
min. After completion of the dynamic emission scan, a 515 sec transmission scan 
with a Co-57 point source was made for the correction of attenuation of 511 keV 
photons by tissue. 

Bronchoalveolar lavage and cell differentiation 
Immediately after the microPET scans, the lungs of mice were lavaged five times 
through a tracheal cannula. The first bronchoalveolar lavage (BAL) was performed 
with 1 mL phosphate buffered saline (PBS) containing bovine serum albumin (5%) 
and protease inhibitors (Complete mini, Roche Diagnostics, Penzberg, Germany). 
Cells were pelleted, and supernatants were stored at -80 0C for measurement 
of MMP-9. Subsequently, lungs were lavaged with 4 mL PBS, and BAL cells were 
pooled and counted using a microscope. The lungs were kept on ice. 
For differential cell counts, cytospin preparations were made using a cytocentri-
fuge (Shandon Life Science, Cheshire, UK), and cells were fixed and stained with 
Diff-Quick (Dade, Düdingen, Switzerland). Cells were identified and differentiated 
into mononuclear cells, eosinophils and neutrophils by standard morphology and 
staining. Per cytospin, 200 cells were counted and total numbers of each cell type 
were calculated.
For technical reasons, the BAL could not be acquired from two mice exposed to 
CS and from one air-exposed mouse. Therefore, four samples of bronchoalveolar 
lavage fluid (BALF) were analyzed from each group of mice.
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Ex vivo biodistribution
After the BAL, an ex vivo biodistribution study was performed. The following or-
gans were sampled: bladder, bone, brain, heart, kidney, large intestine, liver, lung, 
muscle, pancreas, small intestine, spleen, stomach and urine. A small drop of the 
infused tracer solution was taken for calculation of standardized uptake values 
(SUVs). Plasma and red blood cells were acquired by centrifugation of blood (5 
min at 13.000 rpm). All samples were weighed and radioactivity in the samples 
was counted (LKB Wallac CompuGamma, Turku, Finland). After gamma counting, 
the lungs were frozen in liquid nitrogen and stored at -80°C. Tracer uptake was 
expressed as the dimensionless standardized uptake value mean (SUVmean), defined 
as [tissue activity concentration (MBq/g) / (injected activity (MBq) / mouse body 
weight (g))]. 

MicroPET image analysis
Emission sinograms were iteratively reconstructed (ordered-subsets expectation 
maximization 2d - OSEM2d) after being normalized and corrected for attenuation 
and decay of radioactivity. The list-mode data of the emission scans were separated 
into 17 frames (7 frames of 3 min, 3 frames of 5 min, 5 frames of 7.5 min, 2 frames of 
15 min; zoom factor 2). PET image analysis was performed using Inveon Research 
Workplace (Siemens) software. Regions of interest (ROIs) were drawn around the 
lungs. A previously acquired micro computed tomography (microCT) scan was 
fused to the microPET image to define the position of the lungs. Uptake of the tracer 
in the ROIs was determined as Bq.cm-3 and converted to PET-SUVmean, defined as 
[tissue activity concentration (MBq/cc) / (injected activity (MBq) / mouse body 
weight (cc))].

Metabolite analysis of [18F]FB-ML5 in plasma
Metabolite analysis was performed on plasma after the ex vivo biodistribution. 
Plasma protein was precipitated by adding 750 µL of CH3CN to an aliquot of 250 
µL of plasma followed by centrifugation (3 min at 3000 rpm). The supernatant was 
passed through a Millex Filter (0.22 µm), diluted with 600 µL CH3CN and 600 µL 
H2O, and analysed by semi-preparative HPLC. One-minute fractions of the eluate 
were collected and radioactivity in the fractions was determined (LKB Wallac Com-
puGamma, Turku, Finland). 
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MMP-9 ELISA
MMP-9 levels were measured in supernatants of the first BALF using an enzyme-
linked immunosorbent assay (ELISA) kit for mouse MMP-9 (R&D systems) according 
to manufacturer’s instructions.

Statistical analysis
Excel 2007 (Microsoft) and GraphPad Prism 5.0 for Windows (GraphPad Software, 
San Diego, USA) were used for statistical calculations. Results are expressed as 
mean ± SD. Comparisons between different experimental groups were made using 
an unpaired two-sided student t-test. Differences were considered statistically 
significant when p < 0.05.

Results and Discussion

Synthesis of [18F]FB-ML5  
[18F]FB-ML5 was successfully prepared by acylation of the MMP inhibitor ML5 with 
the prosthetic group [18F]SFB in phosphate buffer/CH3CN. HPLC-purified [18F]FB-
ML5 was prepared with a good radiochemical yield of 13 ± 1 % (decay corrected, n = 
3) based on [18F]SFB. Purification by semi-preparative HPLC afforded [18F]FB-ML5 
in high radiochemical purity. The radiochemical purity determined by analytical 
HPLC with radiodetection was always > 95%. The chemical purity of [18F]FB-ML5 
was always measured as > 95%. Specific radioactivity was 37-49 GBq/μmol at the 
end of synthesis. The total synthesis time, including purification and formulation, 
was 3 h from end of bombardment.

Body weight of mice
Mice were weighed just before the microPET scan on the fifth day. The body weight 
of CS-exposed animals was 27.1 ± 0.8 g (n = 6) vs 27.7 ± 0.2 g for air-exposed mice 
(n = 5). This difference was not statistically significant (p = 0.139).    

Cell differentiation 
The total number of cells in BALF appeared to be higher in mice exposed to CS 
(2.96 ± 1.23 x 106; n = 4) than in air-exposed mice (1.40 ± 0.94 x 106; n = 4) but 
this difference was not statistically significant (p = 0.091). Monocyte numbers in 
the treated (2.95 ± 1.13 x 105; n = 4) and control groups (2.80 ± 1.87 x 105; n = 4) 
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were also not significantly different (p = 0.895). However, CS exposure resulted in 
a substantial upregulation of neutrophils, from undetectable levels in air-exposed 
animals to 2.94 ± 1.90 x 105 (n = 4) in BALF of CS-exposed mice. Neutrophilic airway 
infiltration is a specific characteristic of COPD. The number of eosinophils was also 
significantly increased, from undetectable levels in air-exposed animals to 5463 ± 
2386 (n = 4) in mice exposed to CS.

MMP-9 levels in supernatant of first BAL of mice after CS and air exposure  
High levels of MMP-9 were detected in the BALF of mice exposed to CS (4615 ± 
1963 pg.mL-1; n = 4) whereas MMP-9 was not detectable in air-exposed mice. These 
results are in line with data published by Vlahos et al. [15]. 

CS exposure led to an upregulation of neutrophils and eosinophils (to a lesser 
extent) but not of monocytes. The nature of the inflammatory process in COPD 
is primarily neutrophilic. Neutrophilic accumulation in the lung tissue [17] is a 
dynamic process, reflecting recruitment of neutrophils from the bloodstream and 
their clearance from the lungs due to efferocytosis of apoptotic cells. Defective effe-
rocytosis and higher numbers of apoptotic cells have been observed in the airways 
of patients with COPD [18]. Increased MMP-9 levels in sputum of COPD patients are 
correlated to neutrophil numbers suggesting that this cell type produces MMP-9 
[19, 20]. Neutrophils contain tertiary gelatinase granules formed at later stages of 
myelopoiesis which act as a main reservoir for the rapid exocytosis of MMP-9 [21]. 
This can result in local increases of the proteolytic activity because unlike other 
mononuclear leukocytes, this cell type does not express the inhibitor, TIMP-1 [22]. 
MMP-9 degrades collagen, elastin and gelatin and its levels are inversely correlated 
with airflow obstruction [19].

Metabolite analysis of [18F]FB-ML5 in plasma
Two plasma samples from mice exposed to CS and two plasma samples from air-
exposed mice were used for metabolite analysis by HPLC. The fraction of intact 
parent tracer in plasma was 22 ± 8% (n = 2) in mice exposed to CS and 20 ± 7% (n = 
2) in mice exposed to air. The metabolism of [18F]FB-ML5 was rather fast. The HPLC 
chromatograms suggested that all radioactive metabolite(s) were much more polar 
than the parent compound. It is thus unlikely that they retain significant affinity 
for active MMPs/ADAMs. In addition, [18F]FB-ML5 was previously evaluated for in 
vitro stability in saline and human plasma [14]. It was shown that after 1 h and 3 h 
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of incubation, 99% of the radioactivity still corresponded to the intact tracer both 
in saline and human plasma. Considering the value of the parent tracer obtained at 
90 min p.i. of [18F]FB-ML5 in both groups, the metabolism of [18F]FB-ML5 appeared 
quite fast in vivo.

MicroPET evaluation of [18F]FB-ML5 in a mouse model of CS-induced acute 
airway inflammation
Uptake of radioactivity in various tissues is presented in Figure 2. Tracer uptake 
in bone was low which suggests absence of defluorination of the tracer during the 
scan. Uptake of radioactivity in kidneys and liver was high at 90 min p.i., indicating 
excretion of the tracer and its metabolites. High levels of radioactivity in the small 
intestine suggested a biliary route of elimination. At 90 min p.i. and after BAL, 
SUVmean values from the lungs of mice exposed to CS (0.10 ± 0.05; n = 6) and mice 
exposed to air (0.10 ± 0.02; n = 5) were low and not significantly different. Trachea 
SUV was also not different in both groups. Radioactivity in BALF was low and no 
group difference was observed. No significant difference of uptake in any tissue 
between the CS-exposed group and the air-exposed group was obtained.

After administration of [18F]FB-ML5, the PET images [Fig 3] mainly showed kid-
neys and liver. Pulmonary uptake of the tracer was very low. The position of the 

Figure 2: Ex vivo biodistribution data of mice exposed to CS scanned with [18F]FB-ML5 and mice exposed to air 
scanned with [18F]FB-ML5, at 90 min p.i. Data are expressed as mean values ± SD, n = 6 for mice exposed to CS, n 
= 5 for mice exposed to air
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lungs was identified by fusing the microPET images with a previously acquired CT 
scan [Fig 4]and ROIs were drawn around the lungs. Care was taken to not include 
any heart tissue in the ROIs and to avoid the moving diaphragm by including only 
the upper part of the lungs. Pulmonary time activity curves are shown in Figure 
5. Tracer levels at 90 min p.i. were 2-fold lower in the air-exposed group (0.11 ± 
0.03; n = 5) compared to the CS-exposed group (0.19 ± 0.06; n = 6). The obtained 
difference was statistically significant (p = 0.029).

[18F]FB-ML5 has a high affinity for MMP-9 (IC50 = 31.5 nM) but is a broad-spectrum 
MMP inhibitor with affinity for many other metalloproteinases. Thus, binding of 
the probe to other MMPs may have contributed to accumulation of [18F]FB-ML5 in 
the tissue of interest. Several MMPs are known to be upregulated after exposure to 
CS. Increased levels of MMP-1 and MMP-9 have been observed in BALF of patients 
with emphysema [23]. In addition, patients with COPD showed a distinct increase 
in expression and activity of MMP-2, MMP-9 and MT1-MMP (MMP-14) in their lung 
parenchyma [24] and enhanced MMP-2 and MMP-9 activity in their sputum [25] 
compared to healthy subjects [11]. Higher collagenolytic activity was obtained in 
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Figure 2: Ex vivo biodistribution data of mice exposed to CS scanned with [18F]FB-ML5 and mice exposed 

to air scanned with [18F]FB-ML5, at 90 min p.i. Data are expressed as mean values ± SD, n = 6 for mice 

exposed to CS, n = 5 for mice exposed to air 
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Figure 3: In vivo [18F]FB-ML5 microPET/CT images of a mouse exposed to CS shown in sagittal view. The right view 
indicates the ROIs drawn in the lung. The microPET images correspond to the sum of all the frames from 12 to 90 
min p.i. of [18F]FB-ML5



109

CHAPTER

4

BALF of smokers with emphysema compared to smokers without emphysema, 
probably due to elevated levels of MMP-8 (collagenase-2 - neutrophil collagenase) 
[26]. Molet et al. [27] demonstrated that patients with COPD produce higher quan-

Figure 3: In vivo [18F]FB-ML5 microPET/CT images of a mouse exposed to CS shown in sagittal view. 

The right view indicates the ROIs drawn in the lung. The microPET images correspond to the sum of all 

the frames from 12 to 90 min p.i. of [18F]FB-ML5 
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Figure 4: In vivo microCT images of a mouse exposed to CS shown in sagittal view. The right view 

indicates the ROIs drawn in the lung 

	  

 

 

 

 

 

 

 

Figure 4: In vivo microCT images of a mouse exposed to CS shown in sagittal view. The right view indicates the 
ROIs drawn in the lung

Figure 5: Average time activity curves of the lungs of mice exposed to CS scanned with [18F]FB-ML5 and mice 
exposed to air scanned with [18F]FB-ML5, from 12 to 90 min p.i. of [18F]FB-ML5. Points represent average and 
error bars SD, n = 6 for mice exposed to CS, n = 5 for mice exposed to air
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tities of MMP-12 in BALF than controls. Furthermore, mice exposed to CS expressed 
more MMP-12 mRNA than non-exposed mice [28]. Deletion of the MMP-12 gene in 
mice protects from the development of emphysema after long term exposure to CS 
[29].

Ex vivo SUVmean values of the lungs were low and not significantly different be-
tween both groups. These low values are attributable to the BAL procedure, which 
may have washed away most MMP protein in the ex vivo biodistribution studies 
since about two thirds of all MMPs are soluble. In addition, the low SUVmean may be 
due to the fact that the biodistribution study was performed after the PET study. 
Thus, most of the tracer had already been washed out from the lung.

The ex vivo data showed a significant upregulation of MMP-9 in the supernatant of 
BALF of mice exposed to CS compared to control mice. In vivo quantification of the 
binding of [18F]FB-ML5 indicated a two-fold higher accumulation of our PET probe 
in the lungs of treated animals compared to controls. The ELISA measurement 
corresponds to the total amount of MMP-9, including pro-MMP-9 as well as active 
MMP-9 and MMP-9 inhibited by TIMPs. In contrast, the PET probe is supposed to 
bind only to active MMP-9. 

Finally, the MMP/ADAM inhibitor [18F]FB-ML5 was evaluated in a HT1080 xeno-
graft mouse model [14] and showed significant reduction of tracer accumulation in 
the tumor after blocking with the non-radioactive inhibitor ML5, which indicates 
the ability of [18F]FB-ML5 to visualize the proteolytic activity of MMPs and ADAMs 
in vivo. In addition, in this animal model [14], the count in the lung was higher than 
in the muscle, which may indicate the loss of [18F]FB-ML5 binding during the BAL 
in the mice exposed to CS.

Conclusion
This study is the first evaluation of a radiolabelled MMP inhibitor in a mouse model 
of pulmonary inflammation using microPET. Exposure of mice to CS resulted in a 
strong increase of pulmonary MMP-9 levels and a significant, two-fold increase of 
the pulmonary signal of [18F]FB-ML5. Thus, increased MMP expression in a COPD 
mouse model was shown to lead to increased retention of [18F]FB-ML5. Further 
evaluation is required to validate this radiopharmaceutical as a potential biomarker 
for imaging MMP activity in COPD.
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