








Fig. 2. GRP receptors in high-grade PIN.A–C, high density of GRP receptors in a high-grade PIN area but not in the surrounding normal prostate gland.A, H&E-stained section.
P, prostate gland.Bar, 1 mm.B, autoradiogram showing total binding of125I-Tyr4-bombesin. Strong and selective labeling of high-grade PIN is seen. Normal prostate is negative.C,
autoradiogram showing nonspecific binding of125I-Tyr4-bombesin.D–F, nonhomogeneous distribution of GRP receptors in a high-grade PIN area.D, section immunostained for high
molecular weight cytokeratins showing basal cells (arrowhead) in PIN and normal prostate gland (P). Bar, 1 mm.E, autoradiogram showing total binding of125I-Tyr4-bombesin. All
of the PIN areas except one (p) are labeled.F, autoradiogram showing nonspecific binding.Insert, basal cell staining (arrowhead)for high molecular weight cytokeratins of the section
seen inD at higher magnification.Bar, 0.01 mm.
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low level of receptors in hyperplastic glands could, therefore, repre-
sent GRP receptors located in the normal neuroendocrine cells of the
glands (38, 39).

The observation of GRP receptors located in prostatic stroma is
intriguing. The relative low incidence of cases with stromal GRP
receptors as well as the focal distribution of these receptors suggest
that it is not a general phenomenon, as compared for instance with the
ubiquitous expression of somatostatin receptors in the smooth muscle
cells of most of the prostatic tissue (40). The stromal GRP receptor
expression may be simply a local reaction to cancer; alternatively, it
could be part of the physiological stromal-epithelial interactions,
known to play a role in the prostate development (40, 41).

Even if the exact biological role of GRP receptors in the normal and
neoplastic prostate is not yet established, the presentin vitro receptor
data have a number of important therapeutic and diagnostic implica-
tions. The very high GRP receptor density in prostatic invasive
carcinomas and high-grade PIN suggests that prostate neoplasia rep-
resents an adequate type of cancer to perform GRP-related early
clinical trials:

(a) Over the last several years, potent and selective bombesin
antagonists have been developed (17, 34, 42). Several of these antag-

onists are compounds which have been shown in various animal
tumor models to strongly inhibit tumor growth (17, 43). Other bomb-
esin analogues have been designed as carriers for the radicals doxo-
rubicin and 2-pyrrolinodoxorubicin to create hybrid cytotoxic drugs
(44); they were also shown to inhibit the growth of cancer cell lines,
including PC3 human prostate cancer cells (44). Therefore, the appli-
cation of these types of compounds as long-term treatment of human
prostate cancer may be considered as a future goal.

Fig. 3. GRP receptors in a bone metastasis of an androgen-independent prostatic
carcinoma.A, H&E stained section.Ca, carcinoma;b, bone.Bar , 1 mm.B, autoradiogram
showing total binding of125I-Tyr4-bombesin.C, autoradiogram showing nonspecific
binding.

Fig. 4. Focal expression of GRP receptors in a stromal area of a prostatic cancer
sample.A, H&E-stained section.p, stroma.ph, prostate hyperplasia.Bar, 1 mm. B,
autoradiogram showing total binding of125I-Tyr4-bombesin. Only a restricted area of the
stroma is labeled (white star). Other stromal areas (black star), as well as prostate
hyperplasia (ph), are negative. Several nonspecifically labeled prostate stones (arrow-
head)are visible.C, autoradiogram showing nonspecific binding.
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(b) In analogy to the diagnosis of somatostatin receptor-expressing
tumorsin vivo with somatostatin receptor scintigraphy,in vivo GRP
receptor scintigraphy may be a potentially valuable tool to visualize
prostate neoplasia with a noninvasive method. A high tumor:back-
ground ratio may be expected on the basis of the high GRP receptor
density in these neoplastic tissues as compared with nonneoplastic
prostate. In addition to the detection of invasive prostatic carcinoma,
the possibility of detection of high-grade PIN is extremely attractive
because it would represent an early detection of the tumor, just as the
in vivo detection of distant metastases could be extremely useful.
Radioligands that would makein vivo GRP receptor scintigraphy
technically possible have recently been synthesized: these include
primarily Technetium-labeled bombesin analogues (45–47).

(c) As a logical consequence and further development, a radiother-
apy comparable to that using90Yttrium-labeled octreotide (8), aiming
at the destruction of GRP receptor-positive tumors, could possibly be
envisaged using adequate bombesin analogues linked tob emitters
such as Rhenium-labeled bombesin analogues (45–47). Not only the
treatment of prostatic invasive carcinomas but also that of early
neoplastic stages, such as high-grade PIN, would be of great potential
interest.
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