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Abstract

BACKGROUND: The aim of this study was to examine the ac-
cumulation of endomorphin-1 (Tyr-Pro-Trp-Phe-NH,) and en-
domorphin-2 (Tyr-Pro-Phe-Phe-NH,) labelled with radioiodine
in tumour-bearing C3H/Bi mice.

MATERIAL AND METHODS: Mice C3H/Bi bearing transplant-
able mammary adenocarcinoma were used as animal models
to study the interaction between u-opioid receptors and endo-
morphin-1 and 2. The expression of the u-opioid receptor in the
tumours was confirmed by cross-linking assay and by RT-
-PCR technique.

RESULTS: The endomorphins showed relatively high tumour
accumulation — about 5.2% of dose/g tissue for endomorphin-1
and about 3.8% for endomorphin-2. The ratio of tumour to mus-
cle for endomorphin-2 reached the highest value (12.7) six hours
after injection. For endomorhin-1 this ratio was the highest
(7.5) three hours after injection. The cross-linking assay of
[251]-labelled peptides with membranes, isolated from the mouse
adenocarcinoma, followed by electrophoresis and autoradio-
graphy revealed the presence of a radioactive complex with
molecular weight of about 65 kDa. This complex was detec-
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table by polyclonal antibodies raised against the N-terminal end
of a u-opioid receptor. The expression of gene encoding u-opioid
receptor on mouse mammary adenocarcinoma was further
confirmed by RT-PCR technique. The binding studies with mem-
branes of mouse mammary adenocarcinoma cells have shown
significantly higher B, values for endomorphin-1 and endo-
morphin-2 (806 and 671, respectively) than for morphiceptin
(131), a well-known specific u-opioid receptor ligand.
CONCLUSIONS: Endomorphin-1 and 2 have shown a high
affinity to the u-opioid receptor present in mouse mammary ad-
enocarcinoma. However, endomorphin-2 showed more promi-
sing characteristics in biodistribution studies.

Key words: p-opioid receptor, endomorphin-1,
endomorphin-2, mouse mammary adenocarcinoma

Introduction

Opioid receptors were demonstrated on different tumour cells.
Using specific radioligands, it was shown that MCF-7 breast can-
cer cells and histologically diverse lung cancer cells express multi-
ple u-, 6- and «- types of these receptors [1-3]. The presence of
high-affinity binding sites for morphine, endomorphin-1, and -en-
dorphin was disclosed in rat C6 glioma cells [4]. Human neuro-
blastoma cell line has highly stereospecific opiate binding sites [5].

It was also proved that some opioid agonists (ethylketocycla-
zocine, etorphine, modified enkephalins and morphine) may in-
hibit proliferation of human prostatic [6], lung [1] and breast can-
cer cell lines [3, 7]. This effect was antagonized by diprenorphine
[6] and naloxone [3]. The above mentioned data suggest that
opioids and their receptors may be involved in the growth and
development of different types of cancers. This phenomenon
opens the possibility to use the opioid receptor selective radioli-
gands for tumour imaging. Recently, we have shown on mRNA
and protein levels that u-opioid receptor is expressed in mouse
mammary adenocarcinoma [8]. Endomorphins, originally isola-
ted from bovine and human brain cortex, are endogenous ago-
nists of u-opioid receptors [9, 10]. It has been reported that some
peptides are connected with physiological modulation of pain,
feeding responses, oxygen consumption and blood pressure re-
gulation [9, 11-13]. Morphiceptin, another exogenous tetrapeptide
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generated in the digestion tract from g-casomorphin, possesses
morphine-like physiological activity with high affinity and selecti-
vity to the u-opioid receptor [14]. In the present study, the expre-
ssion of m-opioid receptor on mRNA and protein levels has been
checked in mouse mammary adenocarcinoma. In the same ex-
periments, the binding of endomorphins by cancer tissue was
determined in in vivo and in vitro studies.

Material and methods

Peptides

Endomorphin-1 (Tyr-Pro-Trp-Phe-NH,) and endomorphin-2
(Tyr-Pro-Phe-Phe-NH,) were obtained from the Calbiochem Cor-
poration (La Jolla, California, USA)

Radiolabelling of peptides

Labelling of peptides with ['?I] or ['3'I] was carried out by the
chloramine T method [15] as previously described [8]. The la-
belled peptides were purified on a reverse-phase column and fil-
tered through a 0.22 um filter.

Animals

All experiments on living animals were carried out according
to protocols approved by the local ethical committee. In the ex-
periments, female C3H/Bi mice with transplantable mammary tu-
mours were used. The animals were obtained from the Institute of
Oncology, Warsaw, Poland and kept under standard conditions.

Tumour implantation

The tumours were homogenized in cold and sterile 0.9% NaCl
(1:9 w/v). Tumour cell suspension was filtered through aseptic gauze
and then injected subcutaneously (150 ul) into three different areas
of the dorsal region of healthy mice, lightly anaesthetized.

Preparation of membranes

Tumour tissue was homogenized in 0.01 M potassium phos-
phate buffer (pH 7.4) with 5 mM MgClI, (1:9 w/v) and then centri-
fuged for 5 min at 5000 x g (4°C). The supernatant was then
centrifuged for 40 min at 32.000 x g (4°C). The resulting pellet
(crude membranes) was resuspended in the above mentioned
buffer and stored at —80°C in 200 ul portions for further studies.
Protein content was determined by Lowry’s method using bovine
serum albumin as a standard.

Receptor binding assay

Membranes (100 ug of protein) in 100 ul of 0.01 M potassium
phosphate buffer (pH 7.4) with 5 mM MgCl, were incubated in tripli-
cate for 2 h at room temperature with various concentrations of
['?[]-labelled ligand, with or without excess of nonradioactive ligand.
Bound radioactivity was determined after centrifugation of membranes
and washing with potassium phosphate buffer (2x). Finally, the mem-
brane bound radioactivity was counted in a Wallac gamma counter.

Cross-linking assays of peptides with the receptor
50 ul of membranes (1 ug of proteins/ul) were incubated at
room temperature for 90 min with 10 ul of the ['#°I]-peptide (about
100,000 cpm). Next, the cross-linking agent ethylene glycol bis
(succinimidyl succinate) was added up to 104 M and the samples
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were incubated at 4°C for 15 min [16]. The cross-linking step was
stopped by addition of the sample buffer (0.0625 M Tris-HCI, pH
6.8; 4% SDS; 50% glycerol; 20% g-mercaptoethanol, and 0.25%
bromophenol blue). The radioactive complex formation was de-
tected by electrophoresis in 12.5% SDS-PAG followed by elec-
troblotting onto polyvinylidene difluoride (PVDF) membranes (Perk-
inElmer Life Sciences) and autoradiography. Opioid receptor iden-
tification was done with the rabbit polyclonal anti-u-opioid receptor
antibody (Biosource, International) by Western blot technique [8].

RNA extraction
RNA was isolated from mammary adenocarcinoma tissue by
Total RNA Prep Plus Minicolumn Kit (A&A Biotechnology, Poland).

RT-PCR

cDNA was synthesized by RevertAid™ cDNA Synthesis Kit
(Fermentas, Lithuania). Sets of primers for u-opioid receptor and
p-actine gene amplification, as well as conditions for PCR analy-
sis, were taken from [8].

Biodistribution

Mice with tumours over 0.5 cm in diameter were used for bio-
distribution studies. The course of experiment, ['*'l]-peptide in-
jections and results calculation were performed according to
Mirowski et al [8].

Results

Accumulation ofthe labelled endomorphins 1 and 2 in mouse
organs, tissues and tumours were investigated and compared to
morphiceptin, specific u-opioid receptor ligand [8]. These data
are summarized in Tables 1 and 2. The highest endomorphin-1
saturation in mouse mammary adenocarcinoma occurred 30 mi-
nutes after administration of the ligand. Accumulation of the pep-
tide in tumour tissue later had a tendency to decrease. Similar
accumulation was noticed for morphiceptin. The kinetics of endo-
morphin-2 accumulation in tumour tissue was different. Its high-
est concentration was noticed 3-6 hours after injection. Elimina-
tion of the endomorphins with urine in comparison to morphicep-
tin was slower. The percentage of the peptide dose present in
urine after 9 hours reached a value of about 14% for endomor-
phin-1 and 26% for endomorphin-2 (Table 1 and 2), while for
morphiceptin it reached a value of more than 80%.

There was an increase in the tumour to muscle ratio of the
peptide accumulation (T/M) with time. The highest value was
reached 3 to 6 hours after injection for endomorphin-2 and mor-
phiceptin. For endomorphin-1, this ratio reached the highest va-
lue 3 hours after injection (Figure 1).

To prove that the investigated peptides can interact with ma-
mmary adenocarcinoma cells through u-opioid receptors, labelled
peptides were incubated with membranes isolated from the can-
cer tissue in the presence of a cross-linking agent followed by
denaturing polyacrylamide gel electrophoresis. Autoradiography
has shown that ['?°I]-peptide formed a radioactive complex with
molecular weight of about 65 kDa. This complex reacted with poly-
clonal anti-u-opioid receptor antibody in Western blot technique.
Unbound ['?°l]-peptide migrated in the front of the electrophore-
gram. The additional radioactive band was also visible on the
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Table 1. Biodistribution of ['*'l]]-endomorphin-1 in mammary adenocarcinoma bearing mice (% of dose/g of tissue or blood and % of dose
eliminated with urine, mean + SD, n = 4, p.i.)

Time
30 min 2h 3h 6h 9h
Blood 82 =06 75 +16 51 +18 2.7+ 0.4 24 0.2
Lung 21 =02 24 =03 1.7 +02 05=*02 06 = 0.1
Liver 47 = 0.2 3504 2502 14+ 03 08 =03
Spleen 16 = 0.1 1.0 = 01 06 =02 06+ 02 0.1 =01
Kidney 50=04 23 +03 1.3 0.1 1.5+ 0.1 11 +04
Stomach 6.8 =04 6.0 +19 6312 75+ 12 49 + 0.3
Intestine 69 =05 50=+13 5404 26+ 06 1.1 +0.3
Tumour 52+ 0.3 3.0+05 2.5+ 0.15 20+ 0.1 0.9+ 0.1
Muscle 15+ 0.1 0.6 = 0.1 0.33 = 0.03 0.65 = 0.1 0.3 =01
Brain 0.3 =01 0.2 =01 0.2 = 0.04 0.4+ 01 04 +02
Urine (total) 195 =18 12.0 = 0.4 109 = 21 118+ 24 13.8 = 3.0

Table 2. Biodistribution of [**'l]-endomorphin-2 in mammary adenocarcinoma bearing mice (% of dose/g of tissue or blood and % of dose
eliminated with urine, mean + SD, n = 4, p.i.)

Time
30 min 2h 3h 6h 9h
Blood 34 =05 38 +02 54 + 0.3 44 =06 21 +02
Lung 0.2 = 0.01 3.0=x02 3103 1.7 £ 06 1.8 02
Liver 14 £02 16 = 0.1 19 = 0.1 16 =03 1.4 =01
Spleen 1.0 = 0.06 0.7 = 0.03 0.5 = 0.02 0.3 = 01 05 =00
Kidney 1502 1.5 =03 2.5+ 0.08 1.9 = 0.1 1.0 =02
Stomach 6.4 + 0.3 204 = 1.0 157 =19 127 =35 43 = 1.
Intestine 1.5 =01 26 = 01 16 = 0.1 2.7 =01 2302
Tumour 2.3 +0.3 2.8 +0.3 3.5+ 0.3 3.8 £0.2 1.7+ 0.1
Muscle 0.6 £ 0.1 0.5 =004 0.3 £ 0.04 0.3 = 0.1 0.3+ 0.1
Brain 0.1 = 0.08 0.2 = 0.05 0.2 = 0.04 0.2 =01 0.1+ 01
Urine (total) 145 +29 179 =15 20.53 = 0.8 245 += 51 259 = 42
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Figure 1. /In vivo concentration (%ID/g of tumour) of [**'I]-endomorphin-1, [**'l]-endomorphin-2 and [**'I]-morphiceptin in mouse mammary adenocarci-
noma, and tumour to muscle T/M ratio of radioactivity. Data for morphiceptin are derived from [8].
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Figure 2. Autoradiographic analysis of ['?°[]-endomorphin-1 (1) and
['?1]-endomorphin-2 (2) before (A) and after (B) incubation with the mouse

mammary adenocarcinoma membranes in the presence of cross-linking
reagent, Western blot analysis (C).

Table 3. Binding studies of ['#I]-labelled endomorphins with mem-
branes isolated from mammary adenocarcinoma (mean + SD, n = 5)

Peptides B, [fmol/mg protein] K, [nM]

*Morphiceptin 131 =12 3.66 = 0.8
Endomorphin-1 806 + 42 0.72 = 01
Endomorphin-2 671 =33 420 = 0.1

* — data derived from [8]

368 bp

237 bp

Figure 3. An example of RT-PCR analysis of u-opioid receptor gene expres-
sion (237 bp) in mouse mammary adenocarcinoma (lanes 1-5). As a PCR
control in the all analyzed cases g-actin gene (368 bp) was amplified.

border between stacking and separating gels, but this complex
did not react with the antibody (Figure 2).

The binding of the ['?®[]-labelled endomorphins with mem-
branes isolated from the adenocarcinoma provided information
about ligand affinity (dissociation equilibrium constant K,) and
concentration of binding sites (B, ). K, and B__, values for the
studied peptides are summarized in Table 3. B_,, for the investi-
gated peptides has shown the significantly higher values for en-
domorphins in comparison to morphiceptin. The K, value for en-
domorphin-1 was an order of magnitude lower than those for en-
domorphin-2 and morphiceptin (Table 3).

The presence of the u-opioid receptor on mouse mammary
adenocarcinoma was confirmed by RT-PCR. The analyzed tu-
mours have shown the presence of PCR amplicon for u-opioid
receptor gene fragment (237 bp). As a PCR control, a fragment of
B-actin gene (368 bp) was amplified (Figure 3).
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Discussion

In several benign and malignant human and animal tumours,
the specific opioid receptors were described [17]. This may su-
ggest that they play arole in the growth and development of some
tumours. The physiological relevance of the opioid receptors ex-
pression on tumour cells has been strengthened by the report
that over 50% of invasive breast adenocarcinomas contain immu-
noreactive opioid peptides e.g. met-enkephalin, and y- and g-en-
dorphin [17, 18]. Specific u-, 8- and x-opioid receptors have been
found in lung [2] and breast cancer cells [3]. Until now, however,
only limited data describing the usefulness of these receptors for
tumour targeting are available.

The opioid receptors have been used as a target for non-inva-
sive radioligand methods for brain receptor studies. Various [''C]-
-and ['®F]-compounds have been developed for labelling some
of the central neuroreceptor systems [19]. The tetrapeptide mor-
phiceptin found in enzymatic digests of casein [20] has morphine-
like physiological activity and binds with high affinity to the
u-opioid receptor [21].

The above mentioned data convinced us to study the uptake
of endomorphin-1 and endomorphin-2 by experimental mamma-
ry tumours. Accumulation of the endomorphins in mouse mam-
mary adenocarcinoma was higher, and their elimination with urine
lower, in comparison to morphiceptin [8]. A method based on
chemical cross-linking between receptor and labelled peptide-
ligands was employed because of the relatively high accumula-
tion of endomorphins in experimental mammary tumours and their
possible interaction with tumour cells through u-opioid receptors.
Such a cross-linking technique was successfully used for the de-
tection of somatostatin receptors in human breast cancers [22]
as well as for opioid receptors in rat C6 glioma cell membranes
[4]. In our assay, the radioactive complex was formed between
labelled endomorphins and membrane proteins of mouse ma-
mmary adenocarcinoma. Its molecular weight in SDS-PAGE was
estimated at 65 kDa, which corresponded to the molecular weight
of u-opiod receptor [23]. Further analysis by Western blot tech-
nique, with use of the polyclonal anti-u-opioid receptor antibody,
provided evidence that labelled endomorphins were bound to this
receptor.

Next, in vitro saturation studies on the binding of endomor-
phins to membrane proteins isolated from mouse mammary
adenocarcinoma were performed. The B, value for endomor-
phin-1 was about 800 and for endomorphin-2 about 670 fmol/mg
of protein. For morphiceptin, this parameter only reached a value
of about 130 fmol/mg of protein. Similar data have been described
for CHO cells where u-opioid receptor concentration was about
300 fmol/mg of protein [24]. However, K, determined for morphi-
ceptin and endomorphin-2 have shown nearly the same values
(3.66 and 4.2 nM, respectively). This parameter for endomorphin-
1 was afew times lower (0.72nM). Similar B, and K values were
described for other u-opioid receptor ligands. B, for [*H]-DAGO
for u-opioid receptor of lung cancer cells (SCLC line H187) was
determined as 175 fmol/mg proteinand K,as 5.8 nM [2]. The B,
value for non-SCLC line H157 was calculated as 800 fmol/mg of
protein. The binding of [*H]-etorphine to MCF-7 cells has been
calculated as 300-1000 fmol/mg protein (B ), and the K value
as 0.3-4 nM [3].
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Additional proof, which confirmed the expression of u-opioid
receptor gene in mouse adenocarcinoma, was given by poly-
merase chain reaction (Figure 3). We have also demonstrated,
using a radiolabelled endomorphin-2, the expression of u-opioid
receptor on protein levels in human breast cancer cells in culture
(MCF-7 cell line) [25].

In the present study, we have shown a higher density of bind-
ing sites (B_.,,) in the mouse mammary adenocarcinoma for en-
domorphins than for morphiceptin. The highest ligand affinity (K )
was stated for endomorphin-1. However, endomorphin-2 showed
more promising characteristics in biodistribution studies. Accu-
mulation of this peptide in tumour tissue slowly increased and
reached a maximum six hours after injection. In our recent inves-
tigation, it was demonstrated that morphiceptin analogues with
D-Phe or D-CIPhe in position 3 do possess a higher affinity to
u-opioid receptor than the naturally occurring morphiceptin [8].
We think, therefore, that chemical modification of endomorphin-2
structure may lead to identification of peptide(s) with a high affi-
nity to the opioid receptors.

Results of the present study justify further investigation in this
direction. The first desired step should aim at the determination of
the binding capacity of endomorphin-2 and its modified analogues
by human mammary tumours and normal breast tissue.
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