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Report

Neuropeptide receptor status in human tumor cell

lines
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Tumor types expressing a neuroendocrine phenotype se-
crete neuropeptides with paracrine or autocrine growth
factor activity. The efficacy of these paracrine or autocrine
loops depends on the expression of specific receptors on
tumor cells. Once specific receptors are identified, specific
neuropeptide antagonists disrupting paracrine and autocrine
loops could be potential treatments in neuropeptide-secret-
ing tumors. In the present study, 11 human tumor cell lines
representing astrocytoma, lymphoma, and pancreatic, pros-
tate, lung and colon carcinomas were examined for expres-
sion of five different neuropeptide receptors
(cholecystokinin, neurotensin, vasopressin, tachykinine sub-
stance P and cannabinoid) using RT-PCR and radioligand
binding. The presence of various neuropeptide receptors in
different human cancer cell lines supports development of
new antitumor treatments based on disruption of neuropep-
tide autocrine growth pathways. [© 2001 Lippincott Williams
& Wilkins.]
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Introduction

Tumor types expressing a neuroendocrine phenotype
secrete neuropeptides with paracrine or autocrine
growth factor activity." The efficacy of these paracrine
orautocrine loops depends on the expression of specific
receptors on tumor cells. Once specific receptors are
identified, specific neuropeptide antagonists disrupting
paracrine and autocrine loops could be potential
treatments in neuropeptide-secreting tumors.>*

In the present study, 11 human tumor cell lines

were examined for five different neuropeptide recep-
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tor expression using reverse transcriptase polymerase
chain reaction (RT-PCR) and radioligand binding.
These results could determine which tumor types
might be appropriate targets for neuropeptide antago-
nists.

Materials and methods

Neuropeptides

Five neuropeptides were studied: cholecystokinin
(CCK),5 neurotensin (N"[),1 vasopressin (VP),1 the
tachykinine substance P (NK)S and the cannabinoids
family (CB)." Because each neuropeptide interacts
with different receptor subtypes according to the
organ, the present study focused on the following
receptors: the two forms of the cholecystokinin
receptors, CCK, mainly found in the gut and CCKg
distributed mainly in the brain; one subtype of the
neurotensin receptors, NT; mainly distributed in the
brain; the subtype of vasopressin receptors essentially
present in peripheral tissues, VPq,; the subtype of
tachykinin receptors with the highest affinity for
substance P, NK;; and the subtype of cannabinoid
receptors mainly distributed in the central nervous
system, CB;.

Tumor cell lines

Eleven human tumor cell lines were studied: three
pancreatic carcinoma cell lines (MiaPaCa-2, RPW-2 and
PANC-1), two prostate adenocarcinoma cell lines
(LNCaP and DU-145), three small cell lung cancer cell
lines (UMC-5, NCI-H345 and NCI-H69), one colon
carcinoma cell line (HT-29), one astrocytoma cell line
(U373), and one lymphoma cell line (Raji). These cell
lines were chosen because occasional reports had
described their growth stimulation by neuropeptides.
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The UMC-5 cells were a gift from Dr Gary Gamble
(SUNY, Syracuse, NY). The RPW-2 cells were a gift
from Cancer Therapy and Research Center, In Vivo
Laboratory (San Antonio, TX) and all other cell lines
were purchased from ATCC (Rockville, MD). The cells
were grown in appropriate culture medium containing
10% heat-inactivated fetal bovine serum (HI-FBS) at
37°C in a humidified incubator with 5% CO,. After
several passages to allow full adaptation, the cells were
seeded at a high density in four T-150 flasks. The cells
were then grown in the regular medium supplemen-
ted with 10% HI-FBS for 3-5 days depending on the
rate of proliferation.

RNA isolation and RT-PCR

Two flasks containing more than 2 x 107 cells from
each cell line were used to isolate polyadenylated
mRNA using Fast Track (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. mRNA
isolation yields were in the range of 5-80 ug/g of
tissue. Complementary DNA was synthesized from
mRNA by murine leukemia virus RT. PCR used human-
specific oligonucleotide primers for the six receptors,
designed using Oligo software (Table 1). The primers
were synthesized at the Center for Advanced DNA
Technology at the University of Texas Health Science
Center (San Antonio, TX). Although no cell lines
express all receptors, the receptors not expected to be
present in a given cell line were treated as negative
controls. Human f-actin was used as a positive control.
The following conditions were used for the PCR: 94°C
during 2 min, then 94°C during 30 s/60°C during
30 s/72°C during 30 s for 30 cycles. The PCR products
were electrophoresed in agarose gels and visualized

with ethidium bromide stain. All reactions were run
twice.

Ligand binding study

%3L1abeled octapeptide CCK8, NT;, VP,,, NK; and *H-
labeled CB; agonist CP 55940 were available as
radioligands, and were purchased from DuPont New
England Nuclear (Boston, MA). Octapeptide CCK8
binds on both CCK, and CCKjy receptors. For the
ligand binding experiment, a transfected cell control
was included. This control was generated by transi-
ently transfecting the cDNA expressing the appro-
priate receptor type into COS-7 cells as previously
described.® Untransfected cells were also used as
negative controls. The control plasmid for the CB;
receptor was not available.

The specific binding conditions for each ligand were
different. The buffer and membrane conditions from
recent binding protocols were followed for each
ligand: CCK ligand binding,” CB; ligand binding®
NT, ligand binding,” VP,, ligand binding'® and NK;
ligand binding."!

Results

Pancreatic cancer cell lines

Three different neuropeptide receptors were detected
in the three pancreatic cancer cell lines (Table 2) with
both ligand binding and RT-PCR. CCK, was detected
in MiaPaCa-2, RWP-2 and PANCI cell lines, and CCKg
was only detected in the MiaPaCa-2 cell line. CB; was
detected in MiaPaCa-2 and PANCI.

Table 1. Oligonucleotide primers for neuropeptide receptors cDNA amplification

Primers Product
size (bp)
CCKa 5-AGG ACA GCG ATG GGT GTT AC-3 (791-810) 459
5-AGA ACC TGG ACA GAG AGG CTC-3' (1249-1229)
CCKg 5-GCA GTG ATC TTC CTG ATG AGC-3' (184-204) 494
5-AAG AGC AGA AGC AGC AGT ACG-3 (677-657)
NT, 5-CGA CAT CTA CTC CAA AGT GCT G-3 (174-195) 404
5-CCA CCA TGG GGA ATA TGA AG-3 (751-732)
CB; 5-GTC TGA GGA TGG GAA GGT ACA G-3' (963-984) 578
5-TCT TGA CCG TGC TCT TGA TG-3' (1366—1347)
NKj 5-ACC CCA TCA GTT CGT GCA AC-3 (78-97) 572
5-TCC CAC TAT GGT GTA TGC ATA GC-3' (675-653)
Via 5-CAA ATG TGC TGG GAC ATC AC-3' (322-341) 271
5-GTC ACG ATC ACA AAA GTC ATC TTC-3 (893-870)
p-actin 5-TGA CTA CCT CAT GAA GAT CCT CA-3' (558-580) 271

5-TTC GTG GAT GCC ACA GGA C-3' (828-810)
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Neuropeptide receptor status

Table 2. Neuropeptide receptor status in human tumor cell lines (ligand binding method/RT-PCR)

CCKa CCKg NT; CB, NK; Via
MiaPaCa-2 pancreas ++ ++ —/+ ++ —/— +—
RWP-2 pancreas ++ —/— —/— —/+ —/— —/—
PANC1 pancreas ++ —/— —/— ++ —/— —/—
LNCaP prostate ++ —/— —/— —/— —/— —/—
DU-145 prostate —/—= —/—= —/—= —/— —/— —/—
NCI-H69 lung ++ ++ +— —/— —/— —/—
UMC-5 lung —/— —/— —/— —/— —/— —/—
NCI-H345 lung —/— —/— —/— —/— +— —/—
HT-29 colon —/—= —/—= —/—= —/— —/— —/—
U373 astrocytoma +— —/— —/— ++ +— —/—
Raji lymphoma —/— —/— +— +— —/— —/—

Lung cancer cell lines

The UMC-5 and NCI-H345 cell lines did not express
any neuropeptide receptor. In contrast, CCK, and
CCKy were detected in the NCI-HG9 cell line with
ligand binding study and RT (Table 2).

Prostate cancer cell lines

The DU-145 cell line did not express any neuropeptide
receptor, while the LNCaP cell line expressed CCK,
receptor (Table 2).

Other cancer cell lines

No neuropeptide receptor was detected in the HT-29
colon cancer cell line or the Raji lymphoma cell line
with either method. CB; receptors were detected in
the U373 astrocytoma cell line (Table 2).

Discussion

In the present report, neuropeptide receptors have
been documented in a panel of human tumor cell lines
using both a ligand binding study and RT-PCR. This
supports a rational basis to study neuropeptide
antagonists in human cancer. Previous reports have
already studied neuropeptide receptor expression in
cancer cell lines, with a few functional studies
demonstrating that neuropeptides could stimulate
growth of cancer cell lines.'*'®> CCK receptor expres-
sion has already been reported in pancreatic tumor
cell lines'* and small cell lung cancer cell lines.> The
present study is the first one demonstrating CCK,
expression in the androgen receptor-positive prostate
cancer LNCaP cell line. Receptors of neurotensin were
shown in small cell lung cancer, prostate cancer, colon
cancer and pancreatic cancer cell lines in previous

studies,'®'® but were not detected by both the ligand
binding and the RT-PCR as they were in the present
study. Previous studies on CB; in human cell lines
were limited to astrocytoma'® and B lymphocytes.*®
The expression of CB; receptor in the pancreatic
cancer MiaPaCa-2, RWP-2 and PANCI cell lines and the
NCI-H446 small cell lung cancer cell line in the present
study was also demonstrated. Functional receptors for
substance P have already been reported in astrocytoma
cell lines,?" and for substance P and vasopressin in
small-cell lung cancer lines.*>*® These results were not
confirmed with the ligand binding method and the RT-
PCR in the present study.

Conclusions

The presence of various neuropeptide receptors in
different human cancer cell lines supports the devel-
opment of new antitumor treatments based on the
disruption of neuropeptide autocrine growth path-
ways.
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