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Conclusions

Our goal was to quantitatively assess the binding properties of
K14D10 IgG and its Fab, in terms of their ability to track beta cell
mass in vivo. Recombinant Fab and IgG of K14D10 showed similar
affinity, binding site number, and cellular specificity, supporting
the feasibility of using Fabs. In addition, the affinity and binding
site number of the Fab appeared to be high enough to overcome
the signal emanating from unbound antibody in the extracellular
fluid. However, the Fab had a reduced retention by the beta cell,
and the specificity of K14D10 IgG and rFab were significantly
lower than what is needed to for successful detection of beta cell
mass. The in vivo biodistribution studies bore out these predic-
tions made on the basis of in vitro screening assays, further vali-
dating its utility in evaluating molecules and their properties
that will lead to an increased chance of success, and pointing to
the need to develop new antibodies with higher binding specific-
ity for beta cells.
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Abstract

Pancreatic islet cell mass (PICM) is a major determinant of the in-
sulin secretory capacity in humans. Currently, the only method
for accurate assessment of the PICM is an autopsy study. Thus,
development of a technique allowing the non-invasive quantifi-
cation of PICM is of great interest. The aim of this study was to
develop such a non-invasive technique featuring novel fluorine-
and #™Tc-labelled glibenclamide derivatives. Despite the struc-
tural modifications necessary to introduce fluorine into the gli-
benclamide molecule, all derivatives retained insulin stimulating
capacity as well as high affinity binding to human SUR1 when
compared to the original glibenclamide. Contrastingly, the lipo-
philicity of the fluorine-labelled derivatives was altered depend-
ing on the particular modification. In the human PET-study a
constant but weak radioactive signal could be detected in the

pancreas using a fluorine-labelled glibenclamide derivative.
However, a reliable assessment and visualisation of the PICM
could not be obtained. It can be assumed that the high uptake of
the fluorine-labelled tracer e.g. into the the liver and the high
plasma protein binding leads to a relatively low signal-to-noise
ratio. In case of the presented fluorine-labelled glibenclamide
based compounds this could be the result of their invariably high
lipophilicity. The development of a ““™Tc-labelled glibenclamide
derivative with a lower lipophilicity and differing in vivo behav-
iour, glibenclamide based compounds for non-invasive imaging
of the pancreatic islet cell mass may be possible.

Key words
Glibenclamide derivatives - pancreatic islet cell mass - sulfonyl-
urea receptor 1

Introduction

The non-invasive assessment of the pancreatic islet cell mass
(PICM) in vivo would be of great medical interest but there is cur-
rently no technique available. In type 1 diabetic patients, the

chronic and progressive loss of the insulin producing pancreatic
islet cells due to autoimmune destruction has led to concerted
efforts to prevent further loss of B-cells by autoantigen-specific
immunotherapy of pre-diabetic patients (Bottino et al., 2003).
With a non-invasive technique, the effect of different interven-
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tion strategies could be easily monitored. Furthermore, the lon-
gitudinal monitoring of the PICM of patients with type 2 diabetes
mellitus under different antidiabetic therapies (e.g. GLP-ago-

nists) may lead to the development of new strategies for treat-
ment.

Insulin secretion is regulated by the membrane potential of the
B-cell, which depends on the activity of ATP-sensitive K* chan-
nels (Karp channels) in the plasma membrane. Closure of Kapp
channels due to a rise of the cytoplasmic ATP/ADP ratio results
In a depolarisation of the membrane and in the opening of volt-
age-sensitive Ca%* channels. The increase in cytoplasmic Ca?*
stimulates the exocytosis of insulin. Ksrp channels are composed
of a small inwardly rectifying K* channel subunit (Kir6.1 or
Kir6.2) plus a sulfonylurea receptor (SUR) belonging to the ATP-
binding cassette superfamily (Aguilar-Bryan and Bryan, 1999).
SURs represent the target for hypoglycemic sulfonylureas (e.g.
glibenclamide, tolbutamide), a group of well known antidiabetic
agents which have been in clinical use for years for the treatment
of type 2 diabetic patients (Proks et al., 2002). So far, three sulfo-
nylurea receptors have been cloned: SUR1, SUR2A, and SUR2B.
While SUR1 is expressed in a very high density at the internal
face of the plasma membrane (Schwanstecher et al., 1994; Uhde
et al., 1999) of the pancreatic islet cells (glucagon-secreting o-
and insulin secreting B-cells) but not in the exocrine part of the
pancreas, the SUR2 isoforms are predominant in cardiac, skele-
tal, and smooth muscle cells (Aguilar-Bryan and Bryan, 1999).
Therefore, a radio-labelled glibenclamide derivative could be a
feasible tracer for visualizing the PICM in humans by accumula-
tion at the internal face of the plasma membrane of pancreatic
islet cells due to binding to SUR1 and estimation of the specific
radioactivity over regions of interest (e.g. pancreas) using posi-
tron emission tomography (PET) or single photon emission com-
puted tomography (SPECT). As radioactive labelling with fluo-
rine-18 or technetium-99m could alter the biological behaviour
of the derivative (binding affinity, lipophilicity etc.), we synthe-
sised and evaluated different labelled tolbutamide derivatives
(Shiue et al., 2001; Schirrmacher et al., 2002). For several reasons
(overall radiochemical yield, binding affinity, deposition time at
the receptor etc.) none of them was suitable for in vivo evalua-
tions. Therefore, the intention of this study is to demonstrate
that fluorine- and *™Tc-labelled glibenclamide derivatives could
be synthesised de novo with well preserved biological activity
and to investigate whether they might serve as potential tracers
for non-invasive visualisation of the PICM.

Material and Methods

Chemistry and radiochemistry

Our search for potential tracers for the visualization of the PICM
(Shiue et al., 2004; Schirrmacher et al., 2002; Shiue et al., 2001)
led us to the de novo syntheses of twenty different fluorine-la-
belled glibenclamide derivatives (Fig.1a and Table 1a) and a
Renium (Re) labelled glibenclamide derivative (Table 1b). Exact
syntheses of all derivatives will be described elsewhere. For in
vivo evaluations 2-['®F|fluoroethoxy-5-bromoglibenclamide
(compound 9 in Table 1a) was chosen due to its well preserved
insulin stimulating capacity, the high binding affinity to human
SURT1 and the relatively low logD (cf. results). In another in vivo
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Fig.1a Structure of all synthesised fluorine-labelled glibenclamide
derivatives (compounds 1-20) and the original glibenclamide (org.
glib., see also Table 1a).
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Fig.1b Structure of the *™Tc-labelled glibenclamide derivative.

approach the *™Tc-labelled glibenclamide derivative (radioac-
tive analogue of the Renium-labelled derivative) was used, due
to its significant lower lipophylicity (Fig.1b).

The radiolabelling was performed using 2-['®F|fluoroethyltosy-
late as an intermediate as described in the literature (Shiue et
al., 2001) in an overall radiochemical yield of 10% (referring to
the starting activity of ['®F]fluoride). Briefly, no-carrier-added
(nca) ["®F]fluoride prepared by the ¥O(p,n)'®F nuclear reaction
on an enriched water (95% + '80) target was added to a solution
of potassium carbonate/Kryptofix 2.2.2. in a Pyrex vessel. The
water was evaporated using a stream of nitrogen at 80°C and co-
evaporated to dryness with acetonitrile (2 x 1 ml). A solution of
ethylene glycol di-p-tosylate (5 mg in 0.5 ml of acetonitrile) was
added to the dried K['®F] and the solution was heated at 80°C for
5 min. The crude 2-['®F]fluoroethyltosylate was purified by HPLC
(LiChrospher RP18 5EC, 250 x 10 mm, eluent: acetonitrile/water
1/1 [v/v], flow: 5 ml/min retention time 10-12 min), loaded on
a SepPak C-18 solid phase cartridge and eluted with diethylether
(2ml). A solution of N-(4-[B-{2-hydroxy-5-bromobenzenecar-
boxamido}ethyl|benzenesulfonyl)-N’-cyclohexylurea (21) (1 mg,
1.9 umol) and 1N NaOH (7 ul) in DMSO (250 ul) were added to
the 2-['®F]fluoroethyltosylate solution. The mixture was heated
at 80°C for 3 min and then at 120°C for additional 10 min. The
crude product (compound 22) was injected into an isocratic
HPLC system (LiChrospher RP18 5EC 250 x 10 mm, flow: 4 ml/
min, eluent: acetonitrile/0.5 M ammonia acetate buffer (52/48)
(v/v)) and the fraction containing compound 22 (R, =21 min)
was collected, diluted with water (20 ml), and loaded onto a Sep-
Pac C-18 solid phase cartridge. The cartridge was dried in a
stream of nitrogen, eluted with 1 ml of ethanol and diluted with
10 ml of physiological saline. After sterile filtration, the final ster-
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Table Ta Structure of all synthesised fluorine-labelled glibenclamide derivatives (compounds 1-20) and the original glibenclamide (org.
glib., see also Fig.1a). Furthermore, the data shown here represent the estimated lipophilicity (LogD), the dissociation constants
(Kps), the half-maximally inhibitory drug-concentrations (ICs, values), the Hill coefficients and insulin stimulating capacity (stimula-
tion index) of all analogous non-radioactive '“F-glibenclamide derivatives compared to the original glibenclamide. Results are mean

+ SEM. 4 -6 experiments

Compound X R logD
Nr.
orig. glib. d CH, 1.74
] F CH,CH,F 1.45
2 F CH,CH,CH,F 1.52
3 f CH,CH,CH,CH.F 1.62
4 F CH,(CgH,4)F 1.93
5 Cl CH,CH,F 1.67
6 Cl CH,CH,CH,F 1.76
7 Cl CH,CH,CH,CH,F 1.97
8 d CH,(CeH,)F 2.22
9 Br CH,CH,F 1.69
10 Br CH,CH,CH,F 1.88
11 Br CH,CH,CH,CH,F 2.00
12 Br CH,(CgH,4)F 2.34
13 | CH,CH,F 1.81
14 I CH,CH,CH,F 2.01
15 | CH,CH,CH,CH,F 2.12
16 I CH,(CgH,)F 2.38
17 H CH,CH,F 1.31
18 H CH,CH,CH,F 1.35
19 H CH,CH,CH,CH,F 1.50
20 H CH,(CgH,)F 1.80

Ky (nM) ICso (NM) Hill coefficient Stimulation
index
0.33+0.02 0.63+0.04 1.00 33+04
- - - 3.6+0.9
- - - 3.5+0.5
B - - 3.3+0.5
0.55+0.11 1.14+£0.23 0.92+0.04 3.2+0.3
- - - 3.6+£0.5
0.22+0.03 0.43+0.06 0.98+0.02 35+04
0.19+0.02 0.36+0.04 0.92+0.03 3.9+0.6
0.25+0.03 0.52+0.06 1.04+0.03 3.3+0.7
0.22+0.03 0.41+0.02 0.92+0.04 3.340.5
0.20+0.01 0.39+0.02 0.92+0.02 34+0.5
0.24+0.02 0.45+0.04 1.06+0.03 3.1x0.9
0.24+0.01 0.50+0.03 1.02+0.04 3.2+04
- - - 3.6%£0.5
- - - 3.2+0.3
- - - 3.0+£0.7
0.28+0.02 0.57+0.04 0.96+0.03 34404
- - - 3.8+£0.7
- - - 3.3+0.7
- - - 3.2+04
1.37+0.25 2.83+0.51 0.91+0.04 3004

Table 1b The data shown here represent estimated lipophilicity (logD), the dissociation constant (Kp), the half-maximally inhibitory drug-

concentration (ICs, value), the Hill coefficient and insulin stimulating capacity (stimulation index) of the analogous non-radioactive
Re-glibenclamide derivative. Results are mean + SEM. 4 -6 experiments

Compound logD Ky (nM)

ICso (NM)

Hill coefficient Stimulation index

Re glib. -0.2 0.5+0.04

0.99+0.05 1.1 3.5%0.7

ile product was obtained as a 10% ethanolic saline solution for
injection in an overall radiochemical yield of 8 - 10% in a synthe-

ses time of 110 min from EOB. The specific activity was 50-
60 GBg/umol.

Isolation of rat islets of Langerhans

The islet isolations were performed according to the procedures
as described before (Schneider et al.,, 2005 Schneider et al.,
2003). In brief, for each assay, 6 Sprague Dawley rats (Central An-
imal Facility, University of Mainz), 8 weeks old, body weight
280-330g, were used as islet donors. Rats were anaesthetised
by intraperitoneal pentobarbital administration (60 mg/kg), a
midline abdominal incision was performed, and the pancreas
was exposed and injected via the pancreatic duct with Hanks'
balanced salt solution (HBSS; Gibco BRL, Long island, NY) con-

taining 1.7 mg/ml collagenase (Serva PanPlus, Heidelberg, Ger-
many). After sacrifice of the animal, the pancreatic tissue was
surgically removed and incubated for 10 min at 37°C in the colla-
genase solution. Mechanical disruption of the digested pancreat-
ic tissue was achieved by further incubation in collagenase solu-
tion at 37°C for 10 min, interrupted every 2 min by shaking for
30 s. Digestion was stopped by addition of 4°C HBSS plus 10% fe-
tal calf serum (FCS). Islet purification was achieved using a dis-
continuous three-phase Ficoll density gradient (densities: 1.090,
1.077, and 1.040).

Insulin secretion studies

These studies were performed according to the procedures as
described previously (Wdngler et al., 2004 a, b; Schirrmacher et
al., 2002). Ten islets of equal size and shape were hand-picked

Schneider S et al. In Vitro and In Vivo ... Exp Clin Endocrinol Diabetes 2005; 113: 388-395



and transferred into a culture-insert (membrane pore diameter
12 ym; Millicell PCF, Millipore, France). The inserts were placed
into a well of a 24-well culture plate (Falcon Multiwell, Becton
Dickinson, USA). First, the basal insulin secretion was estimated
by incubating the islets in normoglycemic culture-medium
(RPMI 1640 + D-glucose 1 g/l + 10% FCS) for 1 hour at 37 °C. After-
wards, the inserts with the islets were transferred into normo-
glycemic culture-medium (RPMI 1640 + D-glucose 1g/l + 10%
FCS) containing 50 nmol/l of the original glibenclamide or the
derivatives and incubated for a stimulation period of 1 hour. At
the end of the incubation period, insulin levels were measured
by the rat-insulin ELISA purchased from Mercodia (Uppsala,
Sweden). The insulin secretion of the islets was expressed as in-
sulin release per islet/h. The stimulation index was calculated by
dividing the insulin output from the stimulation period by insu-
lin secretion during the basal incubation.

Binding affinities for human SUR1

[’H|glibenclamide (specific activity ~1.9 GBq/umol) was pur-
chased from NEN (Dreieich, Germany). Stock solutions of all
drugs were prepared in either KOH (50 mM) or dimethyl sulfox-
ide with a final solvent concentration in the media below 1%.
Transfections and membrane preparations were performed as
described (Schwanstecher et al., 1992: Schwanstecher et al.,
1998). Briefly, COS-1 cells, cultured in DMEM HG (10 mM glu-
cose) supplemented with 10% FCS, were plated at a density of
5x 10° cells per dish (94 mm), and allowed to attach overnight.
200 pg of pECE-human SUR1 complementary DNA (GenBank
NP_000343) were used to transfect 10 plates. For transfection,
the cells were incubated 4 hours in a Tris-buffered salt solution
containing DNA (5-10pug/ml) plus DEAE-dextran (1 mg/ml),
2 min in HEPES-buffered salt solution plus dimethyl sulfoxide
(10%), and 4 hours in DMEM-HG plus chloroquine (100 uM). Cells
were then returned to DMEM-HG plus 10% FCS and were used
60-72 hours post transfection to prepare membranes as de-
scribed (Schwanstecher et al., 1992). To measure binding to
membranes from COS-cells, the resuspended fraction (final pro-
tein concentration 5-50pug/ml) was incubated in “Tris-buffer”
(50 mM, pH 7.4) containing [*H]glibenclamide (final concentra-
tion 0.3 nM), nonspecific binding was determined with 1 uM gli-
benclamide and displacing drugs as described. Incubations were
carried out for 1 h at room temperature and were terminated by
rapid filtration through Whatman GF/B filters. Half-maximally
inhibitory drug-concentrations (ICs, values) and Hill coefficients
(n) were estimated by fitting the function B=1/(1 + [drug/ICs,]")
to the data of each single diplacement experiment. K,s were
calculated from ICs, values as described (Schwanstecher et al.,
1992).

Estimation of the lipophilicity

The logD values of the original glibenclamide and the glibencla-
mide derivatives were estimated according the “OECD Guideline
for testing of chemicals” with the HPLC method (Eadsforth and
Moser, 1983; Eadsforth, 1986).

Biodistribution studies in rats

2-[®F]fluoroethoxy-5-bromoglibenclamide (n=4) or %™Tc-la-
belled glibenclamide (n=3) were injected intravenously in rats
at a mean activity of 15 MBq. At different time points, the ani-
mals were sacrificed and the organs including the pancreas were

removed (dried organs without any obvious blood contamina-
tion), weighed, and assayed for radioactivity, and corrected for
decay. All experiment protocols have been approved by the re-
gional animal ethics committee and were conducted according
to German federal law.

Imaging protocol (PET, MRI, and PET/MRI-overlay)

Two healthy subjects underwent a PET scan at the Department of
Nuclear Medicine of the University Hospital Mainz on a Siemens
ECAT EXACT PET scanner (Siemens/CTI, Erlangen, Germany).
After abdomen sonography and epicutaneous marking of the
pancreas position, the subjects were placed in the PET scanner
with the pancreas within the field-of-view (16.2 cm). After a 10-
min transmission scan with a ®®Ga/Ge ring source, 98 MBq (sub-
ject 1) and 118 MBq (subject 2) of 2-['®F]fluoroethoxy-5-bromo-
glibenclamide were injected intravenously.

Simultaneously with the tracer injection, a dynamic PET scan us-
ing three-dimensional (3D) acquisition mode started with the
following frames: 2 min x 10 frames and subsequently 5 min x 8
frames. After the abdomen scan, a static whole-body scan (skull
base - proximal femora) and a brain scan were performed in 3D
acquisition mode in order to image whole-body tracer distribu-
tion. Correction for dead time, scatter, and random coincidence
were applied, and the dynamic images were reconstructed using
iterative reconstruction algorithm (OSEM) with a 6-mm Gauss-
ian filter. The static whole-body data were reconstructed using
filtered back-projection with a 6-mm Hamming filter. For the re-
construction of the brain images, a filtered back-projection algo-
rithm with 4-mm Hamming filter was used with mathematical
attenuation correction.

Magnetic resonance imaging (MRI) was performed on another
day with a 1.5-T system (Magnetom Sonata, Siemens Medical
Systems, Erlangen, Germany). At first, transversal T1- and T2-
weighted images were acquired. For dynamic acquisition, T1-
weighted flash 2D sequences with fat supression were applied.
After obtaining unenhanced images, we obtained four enhanced
series, starting 26 s after the initiation of IV bolus injection of
0.1 mL/kg gadolinium-DTPA (Magnevist, Schering, Berlin, Ger-
many).

The quantitative analysis of the dynamic tracer distribution in
the liver and in the pancreas were performed using regions-of-
interest (ROI) which were manually drawn in the 3D MRI data
and superimposed onto the realigned PET data. For MRI/PET re-
alignment and image fusion, the MPI Tool software was used
(Pietrzyk et al., 1994; Pietrzyk et al., 1990).

Statistics

Values are given as mean * standard error of mean (SEM). Statis-
tical significance of differences was calculated with an unpaired
Student’s t-test (two-sided).

Results

Evaluation of the insulin stimulating capacity
Six groups of ten islets were incubated for 60 min with either
50 nmol/l of glibenclamide or the glibenclamide derivatives. It
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was interesting to note that although the chemical structure of
the glibenclamide molecule was modified at different sites and
in different ways, none of the derivatives showed an insulin

stimulating capacity significantly different to that of the original
glibenclamide (Tables 1a and 1b).

Binding affinities for human SUR1

Competition binding experiments were performed to assess the
binding affinity of the glibenclamide derivatives towards human
SURT (Tables 1a and 1b). The results showed that similar to un-
labelled glibenclamide, all tested glibenclamide derivatives
(compounds 4, 6-12, 16, 20 and the Re-labelled glibenclamide)
Induced a complete monophasic inhibition curve with Hill coef-
ficients close to 1 (range 0.91-1.1) yielding dissociation con-
stants (Kp) of 0.19 to 0.55 nM. The corresponding values for gli-
benclamide were 1.0 (Hill coefficient) and 0.33 (K value) (Table
1a). In conclusion, all de novo synthesised derivatives showed a
rather high affinity toward human SURT1 irrespective of the intro-
duced structural elements.

Determination of the lipophilicity

The lipophilicity (logD) of the fluorine-labelled derivatives could
be altered, dependent on the modifications introduced (Table
1a). For example, derivatives 8,12, and 16 were found to be much
more lipophilic due to features such as the fluorobenzyl moiety
and the chlorine, bromine, and iodine substituents. This observa-
tion could be of interest because lipophilic ligands show in some
cases an unspecific uptake by different organs e.g. the liver and
this could lead to resolution problems. Therefore, in the case of
the fluorine-labelled derivatives the decision was in favour for
2-["F]fluoroethoxy-5-bromoglibenclamide (compound 9 in Ta-
ble 1a) because the ligand seems to be less lipophilic compared
to most of the other synthesised fluorine-labelled compounds,
the affinity to human SUR1 was rather high (K, of 0.22 +0.03)
and the radioactive label could be easily introduced. Further-
more, based on the above mentioned considerations we used
the de novo synthesised *™Tc-labelled glibenclamide derivative
for in vivo evaluation, because the analogous non-radioactive
Re-derivative showed a 20-fold lower lipophilicity with a logD
of -0.2 (Table 1b), compared to all tested fluorine-labelled de-
rivatives (Table 1a).

Biodistribution studies of 2-['®*F]fluoroethoxy-5-
bromoglibenclamide and *™Tc-glibenclamide

Tissue distribution of 2-['®F]fluoroethoxy-5-bromoglibencla-
mide in rats (Fig.2a) showed that pancreatic tissue displayed
a weak but near constant accumulation of the tracer with
0.084 +0.01% of the injected dose per gram (%ID/g) after 5 min
and only a slight decrease after 60 min. In contrast, the tracer ac-
cumulation in the liver was approximately 100-fold higher com-
pared to the pancreas uptake. The tracer uptake in the kidney
and the plasma protein binding was also rather high, whereas
the brain uptake was very low.

In contrast, the tissue distribution of *™Tc-labelled glibencla-
mide was complete different (Fig.2b). The liver uptake of the
tracer was 1000-fold and the plasma protein binding 2500-fold
lower, whereas the pancreas uptake was only slighthly reduced
(10-fold) when compared with 2-["*F]fluoroethoxy-5-bromogli-
benclamide at 1 h after tracer application. These preliminary re-
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Fig.2a and b a Biodistribution of 2-['*F]fluoroethoxy-5-bromogli-
benclamide in normoglycemic rats (n=4). b Biodistribution of *™Tc-
labelled glibenclamide in normoglycemic rats (n = 3). Data are %ID/g of
tissue. Results shown as mean + SEM.

sults are encouraging but more work is needed to prove if a
PImTe-labelled glibenclamide derivative will really lead to a bet-
ter signal to noise ratio.

First attempt to visualize the pancreatic islet cell mass

in humans with a positron-emitter labelled glibenclamide
derivative using positron emission tomography

The dynamic PET scans of the two male healthy volunteers
showed a slight uptake and constant retention of 2-['®F]fluoro-
ethoxy-5-bromoglibenclamide in the pancreas during the ex-
amination time of 0-60 min p.i. As an example, the hepatic and
pancreatic tracer distribution of one subject is shown in Fig. 3.
The relative uptake of the tracer in the liver (in Bq/cm?) was ap-
proximately 10-fold higher than in the pancreas. The time activ-
ity curves of the liver showed a relatively fast uptake, plateau at
45 min p.i., and a very slow washout. In the pancreas, after an in-
itial fast uptake, there was a slow activity increase up to the end
of the dynamic scan (60 min p.i.). Probably the high lipophilicity
of the tracer, the consecutive high uptake into the liver and the
high plasma protein binding lead to a poor signal-to-noise ratio.
Thus a good detection of the pancreatic signal was not achieved
and so far a visualisation of the PICM has failed (Fig. 4).
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Fig.3 Time-activity curves of 2-["*F]fluoroethoxy-5-bromoglibencla-
mide distribution in a healthy volunteer. Curves shows high uptake of
the tracer in the liver (black circles) and low uptake in the pancreas
(black squares).

Discussion

For establishing a positron emission- or single photon emission
tomography based PICM quantitation technique, it is necessary
to find a suitable target located at the plasma membrane of the
pancreatic islet cells and to synthesise a radioactively labelled li-
gand that binds with high affinity and specificity to this target.
The selected target should have several characteristics: It should
be exclusively expressed by the pancreatic islet cells but not by
the exocrine pancreas and it should be present in a sufficient
amount to guarantee a high signal density. Therefore, we focused
our attention on human sulfonylurea receptor 1 (SUR1), which is
located at the internal face of the plasma membrane of the pan-
creatic islet cells (Schwanstecher et al., 1994; Uhde et al., 1999)
with approximately 5000 sulfonylurea high-affinity binding
sites per cell (Niki et al., 1989). Due to the fact that glibenclamide
strongly stimulates insulin release from the B-cells in humans by
binding to this receptor, we focussed our attention on the syn-
thesis and evaluation of a fluorine-18- or **™Tc-labelled gliben-
clamide derivative as possible ligand. After intravenous applica-
tion, the fluorine-18- or #*™Tc-labelled glibenclamide derivative
should cross the plasma membrane and accumulate at their in-
ternal face where the SUR1 is located thus enabling the radioac-

PET-Scan

MRI/PET-Overlay

tive signal to be estimated non-invasively using PET- or SPECT-
technique.

In recent years, several radioactive molecules have been used for
assessment of PICM in vitro or in animal models. For example,
Moore et al. (2001) used a ['"'In]indium labelled IC2 antibody
specific for a cell surface antigen of pancreatic p-cells, which
showed a direct correlation between accumulation of the tracer
and the B-cell mass in a mouse model. But due to open questions
concerning the exact localization of the IC2 antigen, its metab-
olism and labelling the tracer with indium instead of **™Tc the
authors concluded that more work and a modification of the
tracer is needed before practical clinical application is possible.
Recently Sweet et al. (2004) made a systematic screening of po-
tential B-cell imaging agents such as tolbutamide, serotonin, L-
DOPA, dopamin, nicotinamide, fluorodeoxyglucose, and fluoro-
dithizone and concluded that none of these compounds were
likely candidates providing sufficient specificity for quantifica-
tion with PET. Furthermore, Ladriere et al. (2001) showed that
a ['lliodine-labelled mouse monoclonal antibody directed
against a 3-cell surface ganglioside was also not a promising tool
for B-cell imaging in vivo as it lacked a specific uptake into the
endocrine pancreas. Ladriere et al. (2000) showed also for triti-
ated glibenclamide that no significant difference in the paired ra-
tio between the radioactive content of the pancreas and plasma
could be found between control and diabetic rats. But in contrast
to this we used a '®F- and a *™Tc-labelled glibenclamide deriva-
tive for our in vivo evaluation. Labelling with fluorine-18 or *™Tc
leads to structural modifications of the compound with possible
alterations of the in vitro and in vivo behaviour. Therefore, the re-
sults obtained by Ladriere et al. (2000) can only be partially com-
pared with the data presented in this study.

As revealed by our in vitro studies the introduction of fluorine or
RE (as non-radioactive analogue to **™Tc) into the glibenclamide
molecule leads to only slight variations of its binding affinity to
human SUR1 and the insulin stimulating capacity when compar-
ed to the original glibenclamide. In contrast to this, the lipophi-
licity of the derivatives was influenced in a more pronounced
way, dependent on the structures that were introduced. For ex-
ample the fluorine-labelled compounds 8, 12, and 16 were found
to be much more lipophilic due to structural elements such as

Fig.4 MRI, PET-Scan, and MRI/PET-Overlay
in @ healthy volunteer. With magnetic reso-
nance imaging (MRI), the liver and pancreas
were easily detected. Afterwards, regions-
of-interest (ROI) were manually drawn in the
3D MRI data and superimposed onto the
realigned PET data. MRI/PET-Overlay shows
high radioactive signal in the liver, but no
visible radioactive signal in the pancreas.
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the fluorobenzyl moiety and the chlorine, bromine, and iodine
substituents. It is worth mentioning that lipophilic derivatives
could show an unspecific uptake by various cell types and high
plasma protein binding which could lead to the deterioration of
the signal-to-noise ratio. But this has to be tested, because the
lipophilicity seems not to be the only factor of influence (Wang-
ler et al., 2004 a,b). 2-['®F]fluoroethoxy-5-bromoglibenclamide
(compound 9, Table 1a) was chosen for the first in vivo evalua-
tion of a fluorine-18 labelled sulfonylurea, because the ligand
shows high affinity binding to human SUR1, a relativley low logD
indicating less lipophilicity than most of the other synthesised
compounds and the radioactive label could be easily introduced.
In the human PET-study a constant but weak radioactive signal
could be detected in the pancreas (up to ten times less than the
liver signal, Fig. 3). These data fit quite well with the results from
our in vivo study in rats. However, a reliable assessment and vi-
sualisation of the PICM could not be obtained with this tracer. It
can be assumed that the high uptake of the tracer into the liver
but also into other organs (e.g. kidney) and the high plasma pro-
tein binding, seen in the animal model as well as in both human
volunteers, leads to a poor signal-to-noise ratio. In case of the
presented fluorine-labelled glibenclamide based compounds
this could be the result of their invariably high lipophilicity. Due
to only slight differences concerning their in vitro characteristics,
we would therefore expect that none of the presented fluori-
nated compounds (1-20) will be suitable for non-invasive imag-
ing of the PICM. These results are in agreement with those ob-
tained by others (Sweet et al., 2004; Hwang et al., 2003; Ladriere
et al., 2000). For this reason, it is mandatory either to find a com-
pletely different tracer molecule (e.g. a radioactive labelled repa-
glinide derivative; Wdngler et al., 2004a, b) or even to develop a
glibenclamide derivative with significantly altered in vitro and in
vivo characteristics. For this purpose, we synthesised a hydro-
phylic ™Tc- respectiveley analogous non-radioactive Re la-
belled glibenclamide derivative. This derivative showed a high
binding affinity toward human SUR1 (Kp=0.5nM) and a well
preserved insulin stimulating capacity, but an approximately
20-fold lower lipophilicity (logD =-0.2) when compared to the
fluorinated glibenclamide derivatives (1-20) or the original gli-
benclamide. Furthermore, after injection into euglycemic rats,
liver uptake and plasma protein binding were three orders of
magnitude lower than for the fluorine-18 glibenclamide deriva-
tive, whereas the pancreas uptake decreased 10-fold. So, the
overall uptake of the **™Tc-labelled compound in the pancreas
relative to other tissue compartments is more specific for pan-
creas by two orders of magnitude. These preliminary results are
encouraging and it could be assumed that this will lead to an in-
creased signal-to-noise ratio and a better detection of the pan-
creas signal. But more work is needed to prove if a “™Tc-labelled
glibenclamide derivative will really be suitable for non-invasive
imaging of the pancreatic islet cell mass.

In conclusion, we clearly showed that it is feasible to develop ra-
diolabelled glibenclamide derivatives with high purity, accept-
able radiochemical yield, a well preserved binding affinity to-
ward human SUR1 and insulin stimulating capacity. However,
neither the original glibenclamide as shown in the literature
(Sweet et al., 2004; Hwang et al., 2003; Ladriere et al., 2000) nor
fluorinated glibenclamide derivatives with nearly the same in
vitro characteristics will allow the non-invasive imaging of the

PICM. The development of a #™Tc-labelled glibenclamide deriv-
ative with a lower lipophilicity and differing in vivo behaviour,
glibenclamide-based compounds for non-invasive imaging of
the pancreatic islet cell mass may be possible.
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Novel Mutation (Gly280Ala) in the ATP-Binding Domain
of Glycerol Kinase Causes Severe Hyperglycerolemia

Abstract

Glycerol kinase deficiency is a rarely diagnosed X-linked reces-
sive disorder which occurs as a complex form together with the
adrenal hypoplasia congenita (AHC) or with Duchenne muscular
dystrophy (DMD) or as an isolated form either symptomatic or
asymptomatic. We report the case of a male adult who had
pseudo-hypertriglyceridemia (falsely elevated triglycerides of
552 mg/dl) refractory to lipid-lowering therapy for more than
15 years. Further investigations revealed an isolated, asymp-
tomatic glycerol kinase deficiency. Using polymerase chain re-
action and direct DNA sequencing, a novel missense mutation
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Gly280Ala in the Xp21.3 glycerol kinase gene was found. Com-
parison between human and E.coli glycerol kinase showed that
the mutation affects a highly conserved amino acid in an ATP-
binding domain in the active centre. This mutation is assumed
to destabilize a hydrogen bond between ligand and enzyme re-
sulting in a reduced activity of glycerol kinase and therefore in
hyperglycerolemia.

Key words

GK - glycerol kinase - GKD - glycerol kinase deficiency - hyper-
glycerolemia

Introduction

Glycerol kinase (GK, Genbank accession number L13943 and
X78211) catalyses the phosphorylation of glycerol with ATP to
form glycerol-3-phosphate and ADP. Glycerol-3-phosphate is an
important intermediate between glucose and lipid metabolism
and may serve as substrate in a variety of pathways such as gly-
colysis, glycogenesis, the synthesis of triglycerides and other
glycerolipids (Fig.1). Glycerol kinase is the key enzyme for glyc-
erol’s entry into metabolism. Loss of enzyme activity is therefore
characterized by raised levels of free glycerol in both the serum
(hyperglycerolemia) and the urine (hyperglyceroluria).

Glycerol kinase deficiency (GKD, MIM# 307030) is an X-linked
recessive disorder and occurs in two distinct forms. The complex
GKD is a contiguous gene deletion syndrome and involves dele-
tions of the GK locus (GK gene) together with the Duchenne
muscular dystrophy locus (DMD gene) or the adrenal hypoplasia
congenita (AHC) locus (DAX1 gene) or both (Sjarif et al., 2000).

The isolated form of GKD results from either point mutations,
small deletions, or insertions within the GK gene and is not asso-
ciated with AHC or DMD. It can be either symptomatic or asymp-
tomatic with hyperglycerolemia and glyceroluria only. The
symptomatic form is characterized by Reye-like symptoms in-
cluding episodic metabolic and central nervous system decom-
pensation, mental retardation, and developmental delay (Sjarif
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