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ABSTRACT

Previous data indicated that opioid receptors occur in both neural and
nonneural human tumors. However, it has recently been shown that some
of the putative opioid binding may be attributable to a sites. In this study
the occurrence of a and opioid receptors in nonneural human tumors was
assessed. The neoplasms included renal and colon carcinomas and a
sarcoma. [3H|l,3-di-o-tolylguanidine was used to assay a receptors by

homologous competition binding assays, which when analyzed provided
dissociation constant and receptor density values. Opioid binding was
measured with |3H|-(â€”)-ethylketocyclazocine, a ligand which interacts

with n, 6, and Â«subtypes. Fresh surgical specimens were obtained from
9 human neoplasms, selected for their large size, and compared with
nonmalignant tissues. All 9 tumors contained a sites, and dissociation
constant values were within the range of 27-83 MM.Occasionally, two-
site fit the data better than one-site binding, suggesting the presence of
multiple a sites. Opioid binding was not detected. Intratumoral variability
was evaluated by sampling several locations on the periphery of the mass
and one in the center. Each of the samples was bisected, with a portion
reserved for histolÃ³gica!examination to correlate morphological features
with receptor data. Changes in a binding were not associated with the
extent of fibrosis, viability, or necrosis. Receptor density values displayed
moderate intra- and intertumoral variation (coefficients of variation, 8-
39 and 27-49%, respectively). More important, a binding in tumors was
found to be > 2-fold higher than that of control nonmalignant tissue.

INTRODUCTION

Originally, the a-binding site was classified as an opioid
receptor subtype because of its ability to bind (Â±)-./V-allylnor-
metazocine and other racemic benzomorphans (1, 2). It was
subsequently recognized that a sites have a higher affinity for
(+)-enantiomers, while opioid receptors bind to (â€”)-isomersof

benzomorphans (3, 4). Some of the psychotomimetic effects of
the racemic form of these drugs can also be attributed to (â€”)-
enantiomers (5). Moreover, cr-binding sites can now be clearly
distinguished from a number of other receptor systems which
had previously been thought to be related. jV-Methyl-D-aspar-
tate, phencyclidine, and dopamine receptors can be differen
tiated from a sites by using the selective ligands DTG1 (6) or

3-PPP (7).
With the discovery of a binding, a search for an endogenous

ligand ensued. A polypeptide from bovine brain (/3-endopsy-
chosin) has been demonstrated to block a binding (8). Sigma-
phin, another putative endogenous ligand for this receptor, has
been isolated and partially purified (9). There is evidence to
suggest that sigmaphin may not be a peptide, since it does not
contain a nitrogen atom. Moreover, a sites have been found in

Received 7/9/91; accepted 10/3/91.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1On leave from Institute of Biostructure, Warsaw Medical School, Poland.
2To whom requests for reprints should be addressed, at Department of

Surgery, The University Hospital, 3635 Vista Avenue at Grand Blvd., P.O. Box
15250, St. Louis, MO 63110-0250.

3The abbreviations used are: DTG, 1,3-di-o-tolylguanidine; Bmâ€ž,receptor
density; DAMGE: D-alaJ, mePhe4, gly-ol* enkephalin; EKC, ethylketocyclazocine;
Kt, dissociation constant; 3-PPP, 3-(3-hydroxyphenyl-jY-(l-propyl) piperidine;
NIDA, National Institute of Drug Abuse.

abundance in endocrine organs including adrenal, testis, pitui
tary, ovary, and placenta (2, 10). Â¿V-allylnormetazocinebinds to
these sites and stimulates naloxone-resistant adrenocorticotro-
pic hormone and corticosterone release (11). Certain steroid
hormones such as progesterone and corticosterone inhibit a
ligand binding to membranes from rat brain and adrenals with
relatively high KÂ¡values ranging from 0.2-5 /UM(12). However,
the possibility that membrane-bound a receptors are steroid
receptors (which are normally cytosolic before they enter the
nucleus) or that the endogenous a ligand is a steroid is remote,
as shown by a variety of experimentation (2). An affinity of
neuropeptide Y for tr-binding sites has also been discovered
(13).

Recently, it has been reported that drugs that bind to cyto-
chrome P450 display a high affinity for one of the four known
a sites (dextromethorphan,/<7i) (14, 15). Certain monoamine
oxidase-A inhibitors bind to a sites as well, with KÂ¿values in
the nM range (16). These findings have raised the possibility
that, at least in some cells, a ligands may interact with an
enzyme rather than with a conventional receptor (15). This
hypothesis is supported by the microsomal localization of a
significant proportion of <r-binding sites (17, 18), the diversity
of drugs that bind to this site (2), the wide distribution of a
sites in nervous and nonnervous tissue (2, 10), the ability of
liver (but not brain) microsomes to demethylate the a ligand
dextromethorphan (5), and the >Â¿ÃMconcentrations of most a
ligands needed to inhibit phosphatidylinositol turnover (19-
21). Nevertheless, the localization of significant amounts of a
sites in plasma membrane-enriched subcellular fractions from
brain (17, 18) and the sensitivity of a ligands to GTP analogues
(22,23) attests to the existence of G protein-coupled cell surface
a receptors.

Opioids are known to inhibit proliferation of normal devel
oping (24-28) and malignant tissue (29-35). We have discov
ered that both opioid and a receptors also occur in human
neural tumors (17). Here, we describe binding parameters of a
receptors in human nonneural tumor specimens, including den
sities in different tumor types and variation within individual
tumors. In addition, a site levels in tumors are compared with
levels in nonneoplastic tissue.

MATERIALS AND METHODS

Tumor tissue was obtained from 9 freshly excised human cancers,
all of nonneural origin, selected for their large size (>5 cm in diameter)
and representing hepatic mÃ©tastasesfrom colonie carcinoma (2 pa
tients), renal carcinomas (6 patients), and a sarcoma metastatic to the
chest wall (1 patient). All tumors were obtained at the time of surgical
excision, trimmed of grossly necrotic tissue, and immediately stored at
-70Â°Cfor a maximum of several months prior to analysis.

To obtain comparative values for normal tissue, a and opioid receptor
parameters were measured in normal kidney and colonie mucosa. The
renal specimens were obtained from regions adjacent to primary tu
mors, and others were obtained at the time of necropsy in patients not
suffering from cancer.

Discs were obtained from each tumor by breadloaf sectioning. A
6558

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/24/6558/2446087/cr0510246558.pdf by guest on 19 M

ay 2023



a RECEPTORS IN TUMORS

large central disc was used and samples were removed from several
sites (generally 3) on the periphery and one site in the center of the
disc. Each of these fragments was transected, with one portion for
biochemical analysis and the other for histolÃ³gica! examination (he-

matoxylin and eosin staining). Computerized morphometric analysis
using the American Innovision video 150 program was performed. For
tissue blocks measuring <1 cm in diameter, the entire specimen was
evaluated microscopically; in larger specimens, random fields were
reviewed. A point grid was used, and each point was evaluated as either
viable tumor, necrotic tissue, fibrosis, or other. The percentage of each
tissue category in the individual tumor specimens was determined and
compared with a receptor binding.

Membrane Preparation and Binding Assay. Tumor tissue (0.5-1.0 g)
was homogenized in 50 mM Tris-HCI buffer (pH 7.4) at 4Â°Cusing a

Polytron homogenizer and centrifuged at 1000 x g for 10 min; the
pellet was discarded. The supernatant was centrifuged at 20,000 x g
for 25 min. The pellet was resuspended in fresh Tris-HCI buffer by
Dounce homogenization and incubated at 25Â°Cfor 20 min (to facilitate

removal of endogenous peptides), and the 20,000 x g centrifugation
was repeated. The pellet was resuspended again in fresh Tris-HCI buffer
to yield a final concentration of 0.4-1.0 mg protein/ml (17).

Levels of a receptors were determined in the tumors from human
surgical specimens using standard, steady-state homologous competi
tion binding assays with 12 concentrations (10~"-10~5 M) of unlabeled

ligand as as described previously (17). In almost all assays, a binding
was measured with 3 nM [3H]DTG (52 Ci/mmol; NEN, Du Pont,
Boston, MA) incubated with the tumor tissue at 25Â°Cfor 2 h in Tris-

HCI buffer, pH 8.0. To test intra- and interassay variability, 2 sets of 4
identical membrane preparations were obtained from sarcoma tissue
and assayed on a single or consecutive days, respectively.

To test a agonist versus antagonist binding to the same tissue, an
experiment with [3H]3-PPP (91.8 Ci/mmol; NEN) and [3H]DTG was

performed on the sarcoma tissue. The experiment was conducted essen
tially as described above with [3H]DTG, except that the pH of the Tris-

HCI buffer used in the incubation mixture was 7.4, the concentration
of radioligands was 1 nM, the incubation time was 1 h, and filters were
presoaked for l h in Tris-HCI, pH 7.4.

Panopioid binding was measured using 1 nM [3H]-(â€”)-EKC(28.1 Ci/

mmol; NEN). To measure binding, unlabeled 100 nM DAMGE (NIDA,
Rockville, MD) and 100 nM D-pen2, D-pen5 enkephalin (NIDA) were

added with labeled EKC. Additional experiments were performed with
the same radioligand in the presence of unlabeled 100 nM DAMGE,
100 nM D-pen2, D-pen5 enkephalin, and 100 nM (5a,la,&ÃŸ)-(-)-N-
methyl-A'-(7-( 1-pyrrolidinyl)-1 -oxaspiro(4,5)dec-8-yl)benzeneacetam-
ide (NIDA) to assess M, '"'â€¢and K binding. Nonspecific binding was
determined from parallel assays in the presence of unlabeled 10~5 M

etorphine.
The final volume of the incubation mixture was 1.0 ml. Assay

mixtures were subjected to rapid filtration, and the membrane-bound
ligand was collected on glass fiber filters (Whatman GF/B) using a
Brande! cell harvester (Gaithersburg, MD). Protein concentrations were
determined by the method of Lowry et al. (36) with bovine serum
albumin as the standard.

Statistics. Homologous competition binding assay curves were ana
lyzed using the weighted, nonlinear, least squares regression LIGAND
computer program, yielding A,((nM) and Bmu (fmol/mg protein) values
(37). This iterative procedure constructs models of multiple ligands
with multiple binding sites. The goodness of fit for specific numbers of
sites can be compared using an /' test incorporated in this program.

Coefficients of variation for A"dand H,â€ž,â€žamong the several samples

from each tumor were calculated as a measure of intratumoral variation
(38). The larger the coefficient of variation for a given parameter, the
more significant is the intratumoral variation in that parameter. Mean
Bmaxvalues for <rsites in renal and colonie tumors were compared to
corresponding normal tissues using a 2 sample i test. The size (ex
pressed as a percentage of mean values) of the difference between assays
performed on consecutive days using aliquots from the same tissue
preparation gives a measure of assay precision.

RESULTS

By homologous competition binding assays (Fig. 1), a recep
tors were detected in all normal and tumor tissues analyzed
(Table 1). As shown by the KAdata, binding affinity of [3H]

DTG for most tumors did not differ appreciably from values
obtained with nonneoplastic human and rat (2) tissues. In some
instances, a two-site model fit the data better than a one-site
paradigm, and a relatively low affinity site with Ka values in the
range of 165-2880 nM was detected in addition to a high-
affinity site with KAvalues between 18 and 38 nM. In repre
sentative binding assays, the Â«r-selectiveagonist [3H]3-PPP gave

comparable KAvalues, but significantly lower Bmaxdata, than
[3H]DTG (Fig. 1). Opioid binding was not observed in any of
the tissues examined in this study using [3H]-(â€”)-EKCas radi

oligand. In parallel experiments with this same opioid ligand,
human brain specimens, for which normal values are estab
lished, displayed the expected binding affinity and density (17).

The coefficient of variation for Ka values on samples from
the same stored sarcoma specimen processed on 2 successive
days was 6.6% on day 1 and 1.9% on day 2. Similarly, the
coefficient of variation for Bmaxwas 3.9% on day 1 and 12.2%
on day 2. The differences between Ka and Bmaxvalues deter
mined on 2 successive days were 15 and 27%, respectively.
These values indicate the reproducibility of our assay.

Variation in a receptor expression among tumors is shown
in Table 1. The coefficient of variation for the measured KA
values of the several samples analyzed from each surgical spec
imen was taken as a measure of the intratumoral variability for
that specimen. The same analysis was done to assess intratu
moral variability in Bmasfor each tumor or normal tissue. Bmax
values revealed moderate (<100%) variation in a receptor
expression within individual tumors. The coefficient of varia
tion for Bmaxwas greater among tumors than among control
tissues. More important, a receptor densities were greater in
colonie and renal carcinomas than in nonneoplastic tissue of
the same origin.

The variation in histolÃ³gica! parameters in 7 tumors was
determined by computerized quantitative morphometry. There
appeared to be no relationship between Bmaxvalues for a-
binding sites and the histolÃ³gica! parameters of percentage of
viability, necrosis, or fibrosis (Table 2).

-log([<7 LIGAND], M)

Fig. 1. Representative curves illustrating homologous competition binding to
human sarcoma obtained using 1 DM[3H)DTG or [3HJ3-PPP. The Kt values for
DTG and 3-PPP were 31.9 Â±1.7 and 36.6 Â±0.8 nM, respectively, whereas Bâ€žâ€ž
values were 7130 Â±339 and 4528 Â±55 fmol/mg protein, respectively; n = 3.
Points, means; bars, Â±SE.
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Table 1 Distribution of n receptors in human tumors and nonmalignant tissue
Each specimen was derived from a different patient. Binding parameters were assessed from homologous competition assays with 3 nm [3H|DTG and 12

concentrations (10~"-10~s m) of unlabeled ligand. The data presented were determined for a one-site fit model. In some cases a two-site model fit the data better.

Kj(nM)SpecimenRenal

carcinoma123456Renal

carcinomas (pooled datafrom(he
6 patientsabove)Normal
kidney (1 sample from 3ofthe
patientsabove)Colon

carcinoma12Colon

carcinomas (pooled datafromthe
2 patientsabove)Normal
colon (1 sample from each pa

tient)SarcomaNo.

of
samples44444424334724MeanÂ±SE27.2

1.677.9
7.982.6
26.934.8
1.938.0
2.150.3

Â±5.551.8

Â±6.5114.1

Â±40.031.3

Â±3.038.3
Â±2.937.8
Â±2.521.8

+0.633.1

Â±1.9Coefficient

of variation(%)1222691212236160181617111'V,.

.. (fmol/mgprotein)Mean

Â±SE1359

Â±661528
Â±249449

Â±152846
Â±322288
Â±1531649
Â±1371353

Â±134707

Â±1123101

Â±6533090
Â±2723095

Â±321Â°638

Â±20954

Â±97Coefficient

of variation(%)103472814184927391927420

" F < 0.01 for Bâ„¢,normal versus tumors.

DISCUSSION

A novel finding of this investigation was the prevalence of a
receptors in most tissues studied, often at very high levels
(pmol/mg protein). Clearly, a sites are distributed more widely
than opioid receptors. This ubiquity was true for both normal
and neoplastic nonneural tissues, as previously reported for
brain tumors (17). In contrast to brain malignancies, in which
two-site binding was not seen (17), multiple site binding oc
curred in some of the nonneural tumors, suggesting a greater
prevalence of a subtypes. This multiplicity may reflect at least
two phenomena: (a) the observation that the a agonist 3-PPP
binds in the same tumor to a significantly lower number of sites
than the putative antagonist DTG suggests that some a sites
may be uncoupled to G protein. There is evidence of a receptor
interaction with G proteins (22, 23). Moreover, GTP analogues
inhibit the binding of agonists such as 3-PPP rather than the
putative antagonist DTG (2, 22); (Â¿>)we may be resolving
intracellular from cell surface a sites in some experiments (17,
18). Such intracellular sites may be localized on cytochrome
P450 (15) and amine oxidases (16) that are likely to be more
abundant in nonneural than brain tissue.

This research also represents our efforts to evaluate quality
control parameters for a receptor determinations. The estrogen
receptor in breast cancer tissue is a clinically valuable paradigm
of a hormone receptor which has prognostic value. The major
sources of error in estrogen receptor assays for individual
laboratories has been assessed in prospective quality assurance
efforts (39). A coefficient of variation between laboratories in
different institutions of >50% using standardized samples and
standardized commercial assays has been reported. An impor
tant observation in this study is the relatively consistent intra-
tumoral a Bmasvalue. Our finding that percentage of fibrosis,
necrosis, and viability does not display a relationship to receptor
density is surprising in view of the known correlation of these
parameters to estrogen receptor density in breast cancer speci
mens (40). An inherent limitation of the present approach
relates to the impossibility of assessing morphometric and
binding parameters on the same samples. One alternative is to

undertake receptor-binding autoradiography on serial sections

of the tumors, thereby affording more comparable specimens.
Nevertheless, alterations in binding density may not be accom
panied by changes in morphometric parameters.

Bmasvalues for a sites in colonie tumors were statistically
greater (i.e., 4.8-fold) than those of corresponding normal tis

sues. This overexpression in tumors is consistent with our

Table 2 Comparison of intra- and intertumoral morphological variations with
pHJDTG binding in human tumors

MorphologicalfeaturesSpecimen

Sample"Renal

carcinoma12345Colon

carcinoma12CP-lP-2P-3CP-lP-2P-3CP-lP-2P-3CP-lP-2P-3CP-lP-2P-3CPIP-2CP-lP-2P-3Bâ€žâ€ž

(fmol/mg
protein)155014031291119273015182051181304464918S879694386378225791774238924111544370340582167345935033229Viability

Necrosis Fibrosis
(%) (%)(%)8596919274714049169797374430475521%758252131360880000181339271120380941000IS3678381913306314100716212072009435840181200427117766276027Misc.4(%)139810041131613391767410111422022

"C, sample selected from the center of the tumor disc. P-l, -2, -3, samples

selected from the periphery of the tumor disc.
* Miscellaneous (misc.) features typically were blood or parenchyma.
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findings in brain in which a sites were abundant in meningiomas
(0.9 Â±0.09 pmol/mg protein, n = 13) but not detected in
human meninges (17, 41).

Opioid peptides and their receptors have been reported to
occur in diverse neural and nonneural tumors (42-44). Several

consistent patterns have emerged from our investigations of
opioid-/"-binding sites in human brain and nonneural tumors.
a binding was detected in 26 of 27 diverse human tumors that
we have examined (including 16 of 17 in brain) (17, 41). In a
preliminary screening of different classes of brain tumors,
opioid receptor binding was detected only in glioblastoma mul
tiforme despite its prevalence in most regions of normal human
brain. In fact, opioid binding is lower in rapidly growing rat C6
glioma in vitro (45-47) than in nontransformed rat glial cells.
In all of the above studies, a number of ligands that are n, Ãánd
K selective were used, including opioid peptide analogues
DAMGE and DPDPDE as well as the benzomorphan (-)-
EKC. Here, most experiments were performed with (â€”)-EKC,

a panopioid ligand which not only binds to /i. 5 and Ksites (Ref.
17 and references cited therein) but also has an affinity for the
putative opioid receptor associated with growing neuronal tis
sue (33). These divergent characteristics of opioid/a distribution
in human tumors are not unexpected, given their opposite
stereospecificity and different subcellular distributions (17, 18).
Clearly, aside from the fact that they may ultimately influence
the same second messenger system, there are no longer reasons
to assume a relationship between opioid and a systems.

Exogenous opioid peptides and opiate alkaloids inhibit cell
proliferation in developing brain (24-28) and a variety of tu
mors (29-35). Although the mechanism of opioid action re
mains unknown, evidence implicating the phosphatidylinositol
system has been gained (47). Moreover, a agonists block cho-
linergic receptor-mediated phosphatidylinositol turnover as
shown by several laboratories (19-21). This second messenger
system mediates DNA synthesis and cell proliferation via
growth factor, cholinergic, and other receptor systems (48).
Hence, a role in tumor therapy for these G protein-linked cell-
signaling pathways can be envisioned.
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