
PET Imaging of GRP Receptor Expression in
Prostate Cancer

In the United States alone, 1 in 6 men
will be diagnosed with prostate cancer
over the course of their lifetimes, with
31,000 dying each year from the disease.
Imaging prostate cancer remains a major
challenge in nuclear medicine. 18F-FDG,
the most commonly used radiotracer for
the detection of tumors, is not helpful in
identifying primary prostate tumors be-
cause of the slow glucose metabolism
and attendant low cellular uptake of such
lesions (1). However, unlike the primary
tumors, metastases can be more meta-
bolically active in prostate cancer and
the use of 18F-FDG may be warranted.
Accordingly, as with other imaging tech-
niques applied to prostate cancer, 18F-
FDG imaging will likely be used primar-
ily in patients who have had radical,
local therapy and present with a rising
prostate-specific antigen (PSA) level (2).

Other positron-emitting radiotrac-
ers—such as 18F-choline, 11C-choline,
11C-acetate, and 18F-fluorodihydrotestos-
terone—have recently been introduced
as imaging agents for the detection of
prostate (and other) tumors. Clinical
evaluation of those radiotracers is pres-
ently underway (3–5).

The only receptor-based prostate can-
cer imaging agent currently approved for
clinical use is Prostascint, an 111In-la-
beled monoclonal antibody to the pros-
tate-specific membrane antigen (PSMA)
(6). This SPECT agent has proved diffi-
cult to use in standard clinical practice—
that is, without anatomic coregistra-
tion—and controversy surrounds its
clinical utility (7). Other radiolabeled
monoclonal antibodies to PSMA are be-
ing explored and one has recently en-

tered clinical trials (8). Nevertheless, im-
provements in prostate tumor imaging
are badly needed.

A different approach to prostate can-
cer imaging is based on targeting neu-
ropepetide receptors that are overex-
pressed on a variety of carcinomas. An
important discovery in 1999 was that the
bombesin (BN)/gastrin-releasing peptide
(GRP) receptor is overexpressed on
prostate cancer cells (9). Moreover, GRP
receptor overexpression was noted only
in human neoplastic prostate tissue; it
was not seen in prostate hyperplasias
(10). Several high-affinity BN analogs,
radiolabeled with 99mTc and 111In, have
recently been developed for �-ray scin-
tigraphy of GRP-positive tumors and
have been tested in animals and humans.
Various BN analogs have also been la-
beled with �-emitting radionuclides
(177Lu, 188Re, 131I, and 149Pm) for poten-
tial radiotherapeutic application (11).

Although other GRP receptor–based
SPECT imaging agents for prostate can-
cer have been developed (12), last year
Rogers et al. (11) introduced the radio-
labeled BN analog 64Cu-DOTA-Aoc-
BN(7–14) (DOTA is 1,4,7,10-tetra-
azadodecane-N,N�,N�,N�-tetraacetic
acid; Aoc is 8-aminooctanoic acid) as
the first such radiopharmaceutical for
PET. microPET images showed good
tumor localization of 64Cu-DOTA-
Aoc-BN in a PC-3 xenograft mouse
model. As noted by the authors, rela-
tively high retention in normal tissues
may, however, prevent the clinical ap-
plication of that particular BN radio-
tracer.

In this issue of The Journal of Nuclear
Medicine, on pages 1390–1397, Chen
et al. (13) report on the synthesis and
pharmacologic evaluation of another
64Cu-labeled BN analog—that is, 64Cu-
DOTA-[Lys3]-BN for targeting GRP re-
ceptor expression in prostate cancer. The
results of studies in GRP receptor–posi-
tive, androgen-independent (AI), PC-3

human prostate cancer cells and in vivo
in PC-3 solid tumors in a mouse model
showed 64Cu-DOTA-[Lys3]-BN accu-
mulation to be specific and saturable.
Clear delineation of the tumors was
achieved because of high tumor-to-back-
ground ratios. By contrast, binding of
64Cu-DOTA-[Lys3]-BN to androgen-de-
pendent (AD) CWR-22 tumors appeared
to be nonspecific. 64Cu-DOTA-[Lys3]-
BN accumulation in normal tissues—
particularly in the liver—was lower than
that of 64Cu-DOTA-Aoc-BN, and clear-
ance from the body was faster and oc-
curred predominantly via urinary excre-
tion. Whether 64Cu-DOTA-[Lys3]-BN
will be applied in clinical imaging stud-
ies will depend to a certain degree on the
outcome of future dosimetry estimates.
Overall, the article presents an important
step toward the development of a PET
agent for noninvasive localization of
GRP receptors in human prostate cancer
and may be a marker for AI disease.

There are, however, some shortfalls in
this investigation that limit the validity
of the conclusions drawn by the au-
thors—in particular, with regard to the
degree of tracer binding to AI PC-3 tu-
mors compared with that in AD
CWR-22 tumors.

In vitro receptor binding and tracer
internalization studies were performed in
PC-3 tumor cells only and not in the
CWR-22 cells. A clear differentiation
between 125I-[Tyr4]-BN binding in the 2
cell types would have confirmed the dif-
ferences in specific versus nonspecific
binding that were observed in vivo in the
biodistribution studies.

A major concern with this and other
studies that attempt to image small ani-
mals with receptor-based PET radio-
pharmaceuticals is the fact that the car-
rier that is invariably introduced may
begin to occupy a significant portion of
tumor receptors in the mouse. In this
case, microPET and quantitative autora-
diographic receptor (QAR) imaging
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studies were performed with doses of
64Cu-DOTA-[Lys3]-BN (14.8 MBq [400
�Ci]; approximately 100 �g BN/kg) that
were able to block partially radiotracer
binding to the GRP receptors on the
PC-3 tumors (and in other GRP recep-
tor-rich areas such as the pancreas).
Therefore, the difference in uptake be-
tween AI (PC-3) and AD (CWR-22)
tumors was not remarkable (Fig. 7 in
(13)). Nevertheless, effective blocking
of receptor binding by additional car-
rier (10 mg BN/kg) was demonstrated
by microPET in the PC-3 tumor model
(Fig. 8 in (13)). Unfortunately, negative
controls for blockade were not presented
(for the CWR-22 tumor model).

The question of the low-capacity,
saturable characteristics of GRP recep-
tors for the radiotracer in the PC-3 tumor
model should be investigated further.
Saturation of the GRP receptors with the
radiotracer must be avoided to optimize
tumor detection and to quantify receptor
density. Radiotracer preparations with a
specific activity that is considerably
higher than 18.5 GBq/�mol (500 mCi/
�mol) will be needed to perform quan-
titative microPET studies in small ani-
mals as well as for future clinical studies.
The need to use particularly high spe-
cific activity tracers for imaging recep-
tors in small laboratory animals with
dedicated small animal PET scanners
has been discussed eloquently by
Hume et al. (14).

Another question concerns the PC-3
tumor model itself and the influence of
blood flow to the tumor on the binding
of 64Cu-DOTA-[Lys3]-BN. Rogers et
al. (11) found that the number of GRP
receptors in solid PC-3 tumors is much
lower than was expected from the
quantity of receptors measured on sin-
gle tumor cells in vitro. In addition,
blood flow to the PC-3 tumor has been
shown to be low, thus limiting tracer
diffusion to the tumor and its subse-
quent localization (11). An alternative
GRP receptor-containing prostate tu-
mor model with adequate blood flow
may be helpful in future studies with
radiolabeled BN analogs.

An additional concern involves the
fact that the washout of 64Cu radioactiv-
ity from the PC-3 tumors in vivo oc-
curred at a relatively fast rate (Fig. 4 in
(13)), although the radiotracer demon-
strated high levels of tumor cell internal-
ization (Fig. 3 in (13)). As suggested by
Chen et al. (13), further investigations
into the metabolism of the radiotracer, as
well as possible modification of the BN
analog to achieve prolonged tumor re-
tention, will be necessary before clinical
application can be realized.

The question as to which peptide
agents may be best for imaging AI pros-
tate cancers has not been resolved. The
suitability of BN-like compounds for im-
aging GRP receptors in AI prostate can-
cer has yet to be substantiated. BN and
its analogs promote the growth of AI
prostate cancers (through an AI-indepen-
dent mechanism) (15). The mechanism
for GRP-mediated tumor growth in AI
disease is not clear but is being investi-
gated (16). On the other hand, Chen et al.
(13) claim that androgen receptor–based
agents cannot be used to study AI dis-
ease. Although that seems logical, and is
true in the context of antiandrogen ther-
apy, there may be exceptions. A recent
article by Isaacs and Isaacs (17) stated
that a 2- to 5-fold increase in androgen
receptor messenger RNA is the only
change in gene expression consistently
associated with AI disease. As a result,
cells become supersensitive to androgen,
rather than independent of it, suggesting
that they may bind increased levels of
androgen receptor–based radiopharma-
ceuticals. Clearly, more work is needed
to understand fully receptor expression
on AI cancer cells. Only then can suc-
cessful imaging and therapeutic agents
for AI disease be realized.
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