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Development of Radiotracers for the Determination of the Beta-Cell Mass In Vivo
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Abstract: The changes in beta-cell mass (BCM) during the course of diabetes are not yet well characterized. A non-invasive method to
measure the BCM in vivo would allow us to study the BCM during the onset and progression of the diseases caused by beta-cell
dysfunction. PET and SPECT imaging are attractive approaches to determine the BCM because of their high sensitivity and the
possibility to quantitatively analyze the images. Several targets and their corresponding radiotracers have been examined for their ability
to determine the BCM including radiolabeled antibodies, antibody fragments, peptides and small molecules. Although some of these
tracers show promising results, there is still no reliable method to determine the beta-cell mass in vivo. In this review, the targets and the
corresponding radiotracers evaluated so far for the determination of the BCM in vivo in humans will be discussed.
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INTRODUCTION

Diabetes mellitus is characterized by a deficiency in control of
glucose homeostasis. In type 1 diabetes (T1D), autoimmune
destruction of pancreatic beta-cells leads to an absolute deficiency
of insulin secretion with hyperglycemia as a consequence [1]. In
type 2 diabetes (T2D), insulin resistance of the target cells is the
cause of impaired glucose homeostasis as well as impaired beta-cell
function [1-3] but other factors may also play a role [4]. The
changes in beta-cell mass (BCM) during diabetes are not well
understood nor well characterized. Various animal models have
been used to study the effect of the BCM on insulin secretion and
the development of diabetes. However, most information about the
BCM in humans are obtained from biopsy studies of diabetic
patients. Biopsy studies do not show the dynamics of the BCM at
the onset and progression of the disease. Previous studies showed
that there is a reserve capacity of beta-cells and T1D occurs when
the BCM drops under a critical threshold (>80% loss of BCM) [5,
6]. Moreover, a low number of insulin-producing cells (appro-
ximately 10%) is still present in half of all insulin-dependent T1D
patients [5]. A non-invasive method to measure the BCM in vivo
would allow us to study the BCM during the onset and progression
of diabetes.

An attractive approach to determine the BCM is PET and
SPECT imaging after injection of a radiotracer. The major
advantage of PET and SPECT imaging over other imaging
modalities such as MRI and CT is their high sensitivity. Moreover,
PET and SPECT imaging can give information about biochemical
changes by quantitative determination of the uptake of a tracer in
the target tissue. Potentially, PET and SPECT imaging would allow
quantitative determination of the BCM noninvasively. Radiotracers,
based on antibodies, peptides and small molecules, have been
successfully used for the detection of tumors and inflammation.
Several targets and their corresponding ligands for the deter-
mination of the BCM have been described and examined. There are
several challenges that have to be encountered before a non-
invasive method is feasible for the detection of the BCM. The BCM
represents only 1-2% of the total pancreatic mass and the beta-cells
are located in the islets of Langerhans scattered throughout the
pancreas [7, 8]. The tracer has to be highly beta-cell specific; no or
very low uptake of the tracer in the exocrine and the other
endocrine cells is required, in order to measure significant changes
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in tracer uptake between healthy and diabetic subjects. The target
has to be expressed on all beta-cells and the expression level should
not be altered during development and during the course of
diabetes. Moreover, a highly sensitive and quantitative imaging
technique has to be used. Recently, an in vitro method to screen
potential ligands for the determination of the beta-cell mass has
been described [9]. The screening method is based on the binding
capacity of the compounds to isolated islets, cell lines derived from
beta-cell tumors (INS-1) [10] and cell lines from tumors of the
exocrine pancreas (PANC-1) [11]. A compound is considered
promising when it displays high binding to islets and beta-cell
derived tumor cells and low binding to tumor cells of the exocrine
pancreas. Multiple tracers were screened in vitro and only the most
promising were tested in vivo. This method is currently considered
the standard for screening of potential agents to determine the beta-
cell mass.

Here, the targets and the corresponding radiotracers will be
discussed with respect to their ability to determine the BCM
including antibodies, antibody fragments, peptides and small
molecules. Although some of them show promising results, there is
no reliable method to determine the beta-cell mass in vivo yet. In
this review the most promising targets and corresponding radio-
tracers evaluated so far for the determination of the BCM will be
discussed.

RECEPTOR IMAGING

Peptide hormone receptor and neurotransmitter receptors are
attractive targets for targeting of tumors and neurological and psy-
chiatric disorders. The most successful example of peptide hormone
receptor is targeting neuroendocrine tumors (NET) using radio-
labeled somatostatin analogs. The somatostatin receptor is
overexpressed on a wide variety of NET. The somatostatin analog
DTPA-octreotide labeled with ***In (Octreoscan) is the standard
procedure for the diagnosis of NET [12, 13]. Several octreotide
derivatives labeled with a variety of radionuclides have been
successfully used for imaging and therapy of NET. The major
advantage of peptides that are conjugated and labeled with a radio-
metal is the accumulation of the radiometal-complex in the target
cells. When the peptide labeled with a radiometal is internalized,
the radiolabeled metabolite is trapped in the lysosome and the
radiometal will accumulate in the cell [14].

A successful example of neurotransmitter receptor targeting is
the targeting of the dopamine receptor. Radiolabeled dopamine
derivatives are commonly used to target the dopamine receptor
expressing tissues. These tracers are clinically used to diagnose
dementia and Parkinsons disease (PD). The tracers are also used to
study dementia and drug addiction.

© 2010 Bentham Science Publishers Ltd.
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Here, we discuss peptide hormone receptors and neurotrans-
mitter receptor targeting and the corresponding tracers that can
potentially be used for determination of the BCM.

Dopamine Receptor

Dopamine is a neurotransmitter that plays an important role in
neurological and psychiatric disorders such as dementia,
Parkinson’s Disease and drug addiction [15]. Dopamine signaling is
mediated by dopamine receptors. Five receptor types have been
described (D1 — D5), classified in two groups: dopamine D1-like
(D1 and D5) and dopamine D2-like (D2, D3 and D4) families [16,
17]. Dopamine receptors are mainly expressed in the central and
peripheral nervous system. The effect of dopamine on the beta-cell
function and insulin secretion is poorly understood. Recently,
expression of dopamine receptor expression from both families
have been detected by RT-PCR in beta-cells [18]. The expression of
D2-like receptors was confirmed by immunostaining of INS-1E
cells and rodent and human isolated islets [18]. These results
suggest that targeting of the dopamine receptor may be a suitable
approach for the determination of the beta-cell mass. ®F-DOPA
PET is used to differentiate between focal and diffuse beta-cell
hyperplasia (nesidioblastosis), a neuroendocrine condition charac-
terized by hyperinsulinemia in infant age [9, 19-23]. However, the
high uptake in the exocrine pancreas (in relation to the islets)
seems to limit the usefulness of **F-DOPA PET for the determi-
nation of the BCM. Moreover, besides the low target-to-
background ratio, the tracer has more disadvantages, i.e. a complex
preparation procedure and a low radiochemical yield.

VMAT?2

The vesicular monoamine transporter (VMAT) is a transport
protein located on the presynaptic cell. Two isoforms have been
identified in rodent and human tissues; VMAT1 and VMAT?2 [24-
26]. VMAT?2 is an integral membrane protein that acts to transport
monoamines, particularly neurotransmitters such as dopamine,
norepinephrine, serotonine and histamine. VMAT2 is expressed in
the central and peripheral nervous system, the hematopoietic system
and the neuroendocrine system [27-32]. In the neuroendocrine
system, VMAT2 is expressed in chromaffin cells of the adrenal
medulla, histamine-storing enterochromaffin-like cells of the
stomach and pancreatic islet cells [27, 30, 32-35]. Isolated human
islets show higher VMAT2 mRNA expression than cells in the
exocrine pancreas [33]. The VMAT2 receptor is expressed on
rodent and human beta-cells as determined immunohistochemically
[27]. These findings suggest that the VMAT2 receptor is suitable
for targeting the pancreatic beta-cells.

Tetrabenazine (TBZ) and dihydrotetrabenazine (DTBZ) speci-
fically inhibit vesicular storage of monoamine uptake by high
affinity binding to the synaptic VMAT2 [36]. Binding studies with
3H-DTBZ showed high affinity for VMAT2 [37-40]. The VMAT2
ligand (+)-'C-DTBZ was developed for VMAT?2 targeting in the
striatum and has successfully been used for PET studies in
Parkinson’s Disease and other neurodegenerative diseases [41, 42].
Recent studies showed reduced uptake of **C-DTBZ in the pancreas
of streptozotocin-induced diabetic rats and rats that spontaneously
develop diabetess (BB-DP rats) compared to non-diabetic rats [34,
43]. First clinical studies showed a reduction in pancreatic uptake of
Y1C.DTBZ in long-standing T1D patients compared to the uptake in
the pancreas of healthy control subjects [44, 45]. DTBZ compounds
labeled with ‘8F were developed to overcome the short half-life of
11C-labeled DTBZ (Ty, = 20 min.). Preclinical studies showed high
pancreatic uptake of ®F-DTBZ in healthy rats with favorable
biodistribution leading to improved target-to-background ratios [46,
47]. The pancreas was clearly visualized in rats by PET imaging
after injection of ®F-DTBZ . Recently an new DTBZ derivative
was developed, ®F-FP-(+)-DTBZ, with higher pancreatic uptake
and lower uptake in the non-target tissues, especially the liver [48].
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However, the correlation between the beta-cell mass and pancreatic
uptake of ®F-DTBZ was not examined in these studies [46-48].

A clinical study with *C-DTBZ showed that the pancreas was
visible in PET images and the pancreatic uptake was reduced in
diabetic patients [45, 49]. Although uptake of 'C-DTBZ in the
pancreata of diabetic patients was markedly reduced, significant
uptake was still observed [45]. This residual uptake might be
explained by VMAT2 expression in polypeptide (PP) cells in the
islets [50] or binding of the tracer to other structures. A recent study
showed VMAT2 expression on the sympathetic nerve endings in
the pancreas [51]. The nerve endings in the islets, but not the nerve
endings in the exocrine pancreas are degraded during the onset of
T1D in a T1D rat model (BB-DP rats) [51]. It is unknown what the
contribution of the VMAT2 expression in the nerve endings to the
total VMAT2 expression in the pancreas is and if this might
contribute to the residual uptake in diabetic subjects. Moreover,
there is heterogeneous expression of VMAT2 in islets [50] which
makes interpretation of DTBZ binding difficult. These findings do
not exclude the use of VMAT2 as a target for beta-cell mea-
surement, however the target VMAT?2 and the tracer do not appear
to be 100% specific for beta-cells.

GLP-1R

The glucagon-like peptide 1 receptor (GLP-1R) is expressed in
rat, mouse and human pancreatic beta-cells and not in a, & and pp
cells [52]. There is high expression of the GLP-1R in the beta-cells
and limited expression is found in the pancreatic duct and acini
[53]. Furthermore, there is limited expression in other organs
(duodenum, stomach, lung, heart and brain) [54]. This makes the
GLP-1R a potential target for BCM imaging. The GLP-1R belongs
to the family of the G-protein coupled receptors, in which interna-
lization of the receptor-ligand complex is triggered after binding of
the agonist to the receptor [55, 56]. GLP-1, the natural ligand of the
GLP-1R, is not suitable for GLP-1R targeting due to the low
stability in plasma resulting from rapid degradation by dipeptidyl
peptidase 1V (DPP 1V) [57-60]. More stable agonists of the GLP-1
receptor are Exendin-3 and Exendin-4 [61, 62]. Exendin-3 is
derived from Heloderma horridum, the Beaded Mexican Lizard
(Mexico and southern Guatemala), and Exendin-4 from Heloderma
Suspectum, the Gilamonster (a lizard living in the South West of
the United States and northern Mexico). First preclinical studies
with 1?®|-labeled Exendin showed high uptake in pancreas and in
subcutaneous insulinomas [63]. However, the highest uptake was
observed 30 minutes after injection, probably due to the fast wash-
out of the radionuclide after degradation of the internalized peptide.
Introduction of a C-terminal Lysine enabled conjugation of a
chelator (e.g. DTPA, DOTA) that facilitates labeling with radio-
metals. When the peptide labeled with a radiometal is internalized,
the radiolabeled metabolite is trapped in the lysosome and the
radiometal will accumulate in the cell [14]. *!In-labeled Exendin
showed a higher uptake and retention in the subcutaneous insuli-
nomas compared to the '?*|-labeled compound [63]. Moreover,
Wild et al. showed that *'In-DTPA-Lys**-Ahx-Exendin-4 showed
high uptake in tumors in transgenic mice that spontaneously
develop pancreatic insulinomas and in patients with insulinomas
[64, 65]. In both studies the insulinomas could be clearly detected
by SPECT imaging. Furthermore, it has been shown that the uptake
of 1 In-DTPA-Lys*-Exendin-3 correlates with the BCM in a linear
manner in rats with alloxan-induced diabetes and that the pancreas
can be visualized by SPECT imaging on a dedicated microSPECT
scanner [66]. These studies suggest that Exendin labeled with *In
is a promising tracer for the determination of the BCM. However,
the pancreatic uptake of the tracer in rats was rather low, which
might limit accurate quantification of the BCM in vivo. Conjugation
of Exendin with DOTA or NOTA enables labeling with a positron
emitter (eg ®®Ga, ®*Cu) for PET imaging. PET imaging is superior
over SPECT in terms of sensitivity and resolution in humans [67].
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However, the clinical feasibility of PET imaging with radiolabeled
Exendin has yet to be determined.

SURL1 Receptors

ATP-sensitive K* channels (Katp channels) are thought to play
a critical role in the insulin-dependent and sulfonylurea-dependent
insulin secretion. Katp channels are composed of a small inwardly
rectifying K* channel subunit (KIR6.1 or KIR6.2) and a sulfo-
nylurea receptor (SUR1, SUR2A or SUR2B) belonging to the ATP-
binding cassette superfamily [68]. The Katp channels of pancreatic
beta-cells consist of a Kir6.2 and a SUR1 subunit. Sulfonylureas,
such as glibenclamide and repaglinide are successfully used as
blood glucose level lowering drugs in the treatment of T2D [69].
Several studies with radiolabeled glibenclamide and repaglinide
analogs to target the SUR1 receptor have been conducted [70, 71].
8c_labeled glibenclamide and repaglinide analogs have been
developed as tracers for the determination of the BCM by PET
imaging [72, 73]. However, recent studies showed that these
analogs are not suitable to determine the beta-cell mass, due to their
low uptake in the pancreas that was not SUR1 receptor mediated
and high uptake in adjacent non-target organs [73, 74]. It still has to
be determined whether the pancreatic uptake is beta-cell specific.
This raises the question whether the SUR1 receptor is useful as a
target for the non-invasive determination of the BCM. SUR1 is
expressed all over the islet as determined by immunostaining in
cryosection of rat pancreas and co-localizes with glucagon,
somatostatin and pancreatic polypeptide (pp) [75]. These data
suggest that SUR1 is expressed in a, B as well as the pp cells, which
might render the receptor less suitable as a target for BCM
determination.

ANTIGENS

The invention of the hybridization technology to produce
monoclonal antibodies (mAbs) in 1975 by Georges Kohler and
César Milstein largely contributed to immune-based therapy of
cancer, but also to nuclear imaging with monoclonal antibodies
[76]. Since then, a large number of mAbs have been developed.

Monoclonal antibodies are potential nuclear imaging agents, as
they very selectively recognize their specific epitopes. However,
due to their long circulatory half-life together with their slow
diffusion into tissue (caused by their relatively large size), new
approaches are applied in order to increase the target-to-background
ratios obtained with radiolabeled mAbs in radionuclide imaging. By
enzymatic degradation or molecular engineering, antibodies can be
modified to alter their pharmacokinetic properties to suit specific
targeting requirements. For example, antibody fragments have more
rapid target uptake and more rapid background clearance. There is a
wide range of radioisotopes available for labeling of antibodies.
The potential of using antibodies or their fragments in targeting a
wide range of molecules presented on the cells of interest is very
promising. However, the use of antibodies for beta-cell imaging is
limited mainly due to unsatisfactory target-to-background ratios
[14]. Here, we summarize the efforts undertaken up to date in
antibody-based targeting strategies for radionuclide imaging of
transplanted and native islets of Langerhans.

IC2

Anti-pancreatic autoantibodies have been found in most
patients with Type | diabetic syndromes [77]. Islet cell surface
antibodies (ICSA) have been shown to precede the onset of diabetes
in the BB rat [78]. Therefore, if antipancreatic autoantibodies are
involved in the pathogenesis of beta-cell destruction, ICSA are
considered to be potential targets for BCM imaging.

IC2 is a beta-cell-specific monoclonal antibody against an
ICSA [79, 80]. The IC2 monoclonal IgM antibody is produced in a
rat-rat hybridoma and reacts with both normal and tumor cells
derived from rat islets [79].
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In 2001 Moore et al. presented promising results on the
correlation between '!In and ®I-labeled IC2 antibody accumu-
lation in the pancreas and the BCM [81]. In this work *In-labeled
IC2 was characterized in vitro on isolated islets as well as in vivo in
a diabetic mouse model. No binding to exocrine pancreas or stromal
tissues was observed after intravenous administration of the tracer.
It was also shown that IC2 did not react with insulin and therefore
would not interfere with its secretion. After chemical modification,
the antibody retained its specific affinity to beta-cells both in vitro
and in vivo.

Biodistribution of radio-iodinated I1C2 revealed a higher
accumulation of radiotracer in normal pancreas compared to uptake
in the pancreas of diabetic rats. A strong correlation of BCM with
probe accumulation was observed in both STZ-diabetic and control
animals. The authors concluded that the accumulation of the probe
in the islet beta-cells has decreased with reduction of BCM and that
it is feasible to detect this reduction by ex vivo nuclear imaging
techniques after injection of 1C2-DTPA-!In. However, the abso-
lute uptake of IC2 in the pancreas was rather low (approximately
0.5 %ID/g), which might hinder the detection of small differences
in the BCM. Preclinical and clinical studies still have to be perfor-
med to examine the feasibility of IC2 to determine the BCM in
vivo.

The target of the IC2 antibody is not yet defined. Definition of
the target of IC2 will enable the development of new tracers that
bind to the IC2 antibody target, which might lead to higher uptake
in the beta-cells and in this way make it possible to determine small
changes in BCM.

R2D6

The monoclonal antibody R2D6 recognizes a beta-cell specific
plasma membrane ganglioside antigen in rats. R2D6 is a mouse
monoclonal antibody that was generated against a beta-cell specific
plasma membrane determinant that is not shared by other islet cell-
types. R2D6 did not affect beta-cell physiology, when incubated
with islets. Unfortunately R2D6 does not cross-react with the
human beta-cell membrane antigen [82].

In 2001 Ladriene et al., tested *?°I-labelled R2D6 in a rat model
using radioimmunoscintigraphy [83]. In vitro experiments of
radiolabeled R2D6 revealed a high specificity for beta-cells, but no
binding differences between normal and STZ rat islets. Moreover,
in vivo experiments in which rats were injected with %I-labeled
R2D6 showed neither differences between probe accumulation in
endocrine when compared to exocrine pancreas, nor did they show
differences between diabetic and control animals. This specificity
issue will probably hinder the development of such beta-cell
specific radiolabelled mAbs [83].

Single Chain Antibodies (SCAS)

In order to overcome some of mAbs weaknesses as radiotracers
(long circulatory half-life, low diffusion capacitiy, inadequate
target-to-background ratios), single chain antibodies (SCAs) were
developed as a promising option for immune-based diagnostics and
therapy. It has been reported that removal of the Fc portion to
produce an antibody fragment reduces non-specific binding and
blood clearance time [84]. However, after testing the Fab fragment
of one of beta-cell specific IgM antibodies (K14D10) by in vitro
screening it appeared that its specificity (uptake in endocrine vs.
exocrine pancreas) is far below that required for a reasonable
signal-to-background ratio [84].

Recently, Ueberberg et al. demonstrated a new, promising
approach for beta-cell imaging by generation of novel SCAs [85].
They screened a phage-library of more than 1.4 x 10° different
human single chain variable fragments for SCAs presented on the
islets with two different approaches of in vivo and in vitro
screening. Phages that specifically bound to the islet cells were
selected, amplified and purified. Importantly, no binding to
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exocrine cells and several other control organs (liver, Kidney,
spleen, heart and lung) was detectable in any of the selected islet
specific phage clones (ISPCs). Out of 6 ISPCs only two that
selectively localized in the cytoplasm of beta and alpha cells were
further evaluated (respectively: ISPC1 and 3). ISPC1 (SCA B1) that
is beta-cell-specific and ISPC3 (SCA Al) that is alpha-cell-specific
were labeled with 1. In vitro analysis of selected *I-labeled
SCAs was performed in order to determine the respective binding
properties in beta, alpha and exocrine cell lines. Binding of the
beta-cell specific SCA Bl to INS-1 cells was rapid and specific.
Also plasma clearance kinetics of selected SCAs were determined
in rats in vivo and revealed a very rapid elimination of both SCA B1
and SCA Al from the circulation (ty, = 22.7 min and 19.2 min,
respectively). SCA B1 co-localized with anti-insulin antibodies in
human beta-cells and SCA Al co-localized with anti-glucagone
antibodies in human alpha-cells which confirmed its high speci-
ficity for human islets and its potential for use as a beta or alpha-
cell marker. Also a strong positive correlation was found between
probe accumulation in a specific cell-type and beta or alpha-cell
mass (determined by quantitative morphometry). The specific
molecular target of these SCAs remains to be elucidated [85].

Low toxicity, high specificity, rapid binding and clearance
kinetics and direct correlation of SCAs accumulation in beta-cells
with beta-cell mass could make these ISPCs interesting tracers for
non invasive beta-cell imaging and quantification in vivo in rodents
and humans.

SMALL MOLECULES

Dithizone

Dithizone is a well-known agent which chelates divalent heavy
metal ions, for example Hg?*, Pb?*, Zn?*, Pd?" and Bi*. Of all cells,
beta-cells have the highest zinc accumulation inside the cells. Zinc
ions are involved in insulin metabolism and its secretion mecha-
nisms by creating osmotically stable hexamers of insulin within
secretory granules of beta-cells [86]. Dithizone has been especially
useful for zinc assays and therefore serves as a specific vital dye to
assess the purity and viability of isolated pancreatic islets [87, 88].
Because dithizone stains beta-cells in vivo, it could potentially be
used as a marker of islet viability [89]. In the past, some attempts
have been made to radiolabel dithizone [90], but radio-iodinated
derivatives of dithizone were extremely unstable and readily
released radioactive iodine in biological fluids [89]. Therefore a
novel approach to develop a stable histamine conjugated dithizone
has been tested and this radioiodinated dithizone-histamine has
been evaluated in respect to preferential uptake in the pancreas [90,
91]. In a rat model of islet transplantation to the testes, specific up-
take of the dithizone-[**!I]-histamine conjugate was demonstrated
[91]. However, in normal and streptozotocin-treated rats, both the
exocrine pancreas and liver showed significant uptake. Also in
other transplantation models, the difference in uptake of radio-
labeled dithizone-histamine between transplanted islets and an
intact pancreas was very low (0.25% + 0.12% vs. 0.20% + 0.04%)
[92]. Moreover, dithizone-[**I]-histamine was described to exert
toxic effects on beta-cells in higher concentrations [93, 94], there-
fore for in vivo imaging of islets with radiolabelled dithizone-
histamine may only be of limited use.

Alloxan

Alloxan (2,4,5,6-tetraoxypyrimidine) is a toxic glucose
analogue. When administrated to rodents, it selectively destroys
beta-cells in the pancreas. Alloxan also selectively inhibits glucose-
induced insulin secretion through its ability to inhibit the beta-cell
glucose sensor glucokinase [95, 96]. It is widely used as a
diabetogenic agent in animal models to mimic insulin-dependent
diabetes mellitus as it accumulates in insulin-producing cells via the
GLUT2 glucose transporter. Alloxan is therefore highly specific for
beta-cells, but highly toxic at the same time. Autoradiography
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studies with **C-2-alloxan revealed that the radioactivity in the
pancreatic islets was higher than in any other mouse tissue after
intravenous injections [97]. In 2001 Malaisse et al., investigated the
uptake of “C-2-alloxan in the pancreas in control and strepto-
zotocin-induced diabetic (STZ) rats [98]. The activity concentration
in the pancreas of diabetic rats was lower than in the pancreas of
control rats. Because of high toxicity very low doses have to be
administered, thus high specific activities are needed. Moreover,
alloxan is very unstable and light-sensitive making the synthesis
and transport of the tracer very cumbersome.

BE-FDG

2-18F-Fluoro-2-deoxy-glucose (*®F-FDG) is a radiolabeled
glucose analog that is transported into the cell via glucose
transporters followed by phosphorylation by hexokinases. Once
phosphorylated, no further metabolic Pathway exists and accumu-
lation occurs (“metabolic trapping”). ®F-FDG is a successful tool
for the detection of tumors, since tumors have an enhanced glucose
consumption. *F-FDG can also be used for the detection of inflam-
mation because of the uptake of ®F-FDG in most inflammatory
cells. The onset of T1D is characterized by inflammation of the
islets which is called insulitis. Therefore, it has been hypothesized
that *®F-FDG PET might be useful for the non-invasive detection of
insulitis. A study in NOD mice, mice that develop auto-immune
insulin-dependent diabetes resembling human T1D, showed
increased uptake of |F-FDG in the pancreatic islets by autora-
diography due to ®F-FDG uptake in islet-infiltrating lymphocytes
[99]. A clinical study showed higher uptake of ®F-FDG in patients
with newly diagnosed T1D compared to healthy subjects and
patients with long-standing diabetes [100]. After the diagnosis of
diabetes, the number of insulin-producing beta-cells and islet-
infiltrating lymphocytes gradually decreases leading to similar
uptake compared to healthy subjects. However, the ratio of uptake
of ®F-FDG between pancreatic islets and exocrine cells tested in
vitro is considered insufficient for determination of the BCM [9].
Moreover, a study in streptozotocin-induced diabetic rats showed
no significantly lower ugtake of ®F-FDG as compared to healthy
rats [101]. Therefore, F-FDG appears to be unsuitable for the
quantification of the BCM

CONCLUSIONS

The determination of the BCM in vivo is a major challenge,
because the BCM only represents 1-2% of the total pancreatic mass
and the islets are spread throughout the pancreas. Therefore, a high
specific and sensitive tracer is needed. The ideal tracer should
preferably meet the following criteria:

1. The target of the tracer should be expressed specifically in the
endocrine pancreas.

2. The target should be expressed on beta-cells only (and not on
a, & en PP cells).

3. High uptake in the endocrine pancreas and low uptake in the
exocrine pancreas is needed.

The uptake of the tracer should correlate with the BCM .

5. The difference in uptake between diabetic and healthy subjects
has to be large to enable detection of small differences in
BCM.

6. high target-to-background-ratio, in terms of endocrine versus
exocrine pancreas and also pancreas versus adjacent organs, is
needed to quantify the uptake in a reliable manner.

To enable the determination of small changes in BCM, a very
sensitive technique to determine the BCM has to be used. PET and
SPECT are the most sensitive in vivo imaging methods available for
clinical imaging at this time point, therefore they are promising
tools for the determination of the BCM. In recent years several new
tracers for beta-cell imaging with PET and SPECT have been
developed showing promising results in animal models. The
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monoclonal antibody IC2 shows beta-cell specific uptake in the
pancreas and a strong correlation between tracer uptake and the
BCM. However, the uptake in the pancreas is relatively low which
hinders the determination of the BCM in vivo. DTBZ, labeled with
11¢ and 8F, shows high uptake in the pancreas where 8F-FP-(+)-
DTBZ shows the most promising results. However, the correlation
with the beta-cell mass is still a matter of debate. Moreover, the
difference in uptake between diabetic and healthy subjects might be
too low to determine minor changes in BCM. The uptake of
radiolabeled Exendin correlates with the BCM and is specific for
beta-cells. The uptake of Exendin in the pancreas in rats appears to
be relatively low which hampers determination of small differences
in BCM.

The ideal tracer has not been found yet. Antibodies usually
show low uptake and slow clearance resulting in low target-to-
background ratio’s. The size of an antibody limits tissue penetration
which might hinder uptake in the beta-cells. Single chain antibodies
and antibody fragments might overcome these problems. Peptide
hormone receptor targeting has the advantage of internalization and
metabolic trapping of the peptide, leading to high accumulation in
the target cells. Moreover, there is fast clearance and fast and easy
tissue penetration due to the small molecular size of such peptides.
Small molecules (such as DTBZ) usually exhibit good tissue
penetration and rapid clearance. The synthesis is more difficult and
in some cases toxicity is a relevant issue.

Several tracers are close to become clinical applicable tracers
for determination of the BCM but the search for improved tracers is
still ongoing. The search for ligands of newly identified targets that
might be useful to target beta-cells will continue.
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