
Abstract. Somatostatin receptors (SSTRs) are inhibitory
G-protein coupled receptors that are ubiquitously expressed
in normal and cancer cells. Somatostatins (SST) are the
natural ligands for SSTRs and act as inhibitory regulators of
hormone secretion and proliferation. Octreotide and RC-160
(vapreotide) are two well tolerated SSTR2/SSTR5 selective
somatostatin analogues (SSA) that have been used in the
treatment of cancers with mixed outcomes. Loss-of-expression
of SSTR2 in tumor tissues has been suggested to correlate to
tumor progressions and to the poor outcomes of somatostatin
analogue treatment in certain clinical trials. In this study,
exogenous human SSTR2 was overexpressed in two cancer
cell lines, capan-2 cells and A549 cells, which had different
profiles of endogenous SSTR expression. It was shown
that overexpression of SSTR2 dramatically inhibited the
proliferation of SSTR2-positive and SSTR2-negative cancer
cells. Further growth inhibition of these cancer cells over-
expressing SSTR2 was observed by application of octreotide/
RC-160 in a dose-dependent fashion. In addition, immuno-
assay demonstrated that SSA/SSTR2 inhibited proliferation
via both cell cycle arresting and promoting apoptosis. The
results suggested that SSTR2 could be a promising candidate
for gene therapy for SSTR2-positive and SSTR2-negative
tumors. The cellular level of SSTR2 might be a critical factor
that could affect both tumor progression and the outcomes of
somatostatin analogue treatment.

Introduction

SSTRs (somatostatin receptors) are G-protein coupled plasma
membrane receptors with two forms of somatostatin (SST)
peptides, SS-14 and SS-28, as their natural ligands (1). The
two peptides produced by SST cells act as neurotransmitters

or paracrine/autocrine regulators via five different subtypes
of human somatostatin receptors (SSTR1-5), encoded by five
distinct SSTR genes segregated on chromosome 14, 16, 17,
20, and 22 (2-6).

The expression of SSTRs during development is time-
and tissue-specific. Inter-species variation and subtype-
selective expression have also been shown. In human,
expressions of SSTRs have been found in multiple tissues
including brain, gut, pituitary, pancreas, adrenals, thyroid and
immune cells (7-11). Amongst them, the SSTR2 is the most
abundantly expressed subtype. High levels of SSTR2 have
been identified in pituitary, islet, adrenals and thymus.
Expression of SSTRs has also been demonstrated in most
tumors of neuroendocrine origin while found with much
lower frequencies in nonendocrine tumors (12,13). Loss-of-
expression of SSTR2 was shown to associate with the
metastatic progression of certain tumors such as pancreatic
cancers (14). Therefore, SSTR2 has been proposed to be a
promising candidate for cancer gene therapy for SSTR2-
negative tumors (15-17).

In general, activation of SSTRs results in inhibition of
cell proliferation and secretion, e.g. pituitary growth hormone
and thyroid-stimulating hormone release (18). The influence of
SSTR on proliferation came to notice due to the anti-tumor
effects observed in those patients who were receiving SST
analogue treatment to block secretion of tumors of endocrine
origin (19-21). After that, the anti-tumor effect and the
clinical application of SST as a potential treatment for cancer
have been investigated extensively (22). Some of the results
of clinical studies were encouraging, showing improvement
of both the quality of life and the survival rate post-SST
treatment. Therefore, given the short half-life of SST, SST
analogues with much greater metabolic stability and subtype-
selectivity have been developed and commonly used in the
treatment of SSTR-positive tumors (23-26). Activation of
SSTRs in these SSTR-expressing tumors usually resulted in
remarkable inhibition of tumor cell proliferation via indirect
activities of inhibiting growth hormone secretion and direct
activity through SSTR signaling pathways (27). However,
the detailed mechanisms of the inhibitory effect of SSTRs are
still largely unknown and display both subtype- and cell type-
selectivity.

Further investigations have revealed that the SSTR-
mediated anti-proliferation involve cytostatic (growth arrest)
and cytotoxic (apoptotic) actions. Five SSTRs have all been
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indicated in modulating protein tyrosine phosphatase (PTP)
activities and in turn, downregulating Ras-MAPK to induce
the arrest of cell cycle progression, although certain effects
display relative subtype selectivity (18,28). For instance,
apoptosis was believed to be triggered via SSTR3 while cell
cycle arrest was regulated via MAPK pathway by SSTR1, 2,
4 and 5 (29). Nonetheless, given that multiple SSTRs usually
expressed in the same cell, it was suggested that SSTRs were
redundant and function in orchestra, instead of as individual
functional molecules. Experimental data also indicated that
heterodimerization of different subtypes was involved in
regulating strength of downstream pathways. For instance,
agonist-induced SSTR1/SSTR5 heterodimerization increased
their inhibition of adenylylcyclase (30).

Octreotide and RC-160 (vapreotide) are two well tolerated
long-acting SST-14 analogues that have been used in clinical
practice for ~20 years with ambiguous outcomes. Both SST
analogues display high affinity to SSTR2 and SSTR5 (31).
Poor response to SST analogue treatment in certain clinical
trials was believed to be relevant to the loss-of-expression of
SSTR2 in these patients, although these were rarely assessed.
In this study, we investigated the anti-proliferation effect
of octreotide and RC-160 in two different cancer cell lines,
capan-2 and A549, which showed different profiles of
endogenous SSTR expression. In addition, in order to evaluate
the potential SST analogue-induced cytostatic and cytotoxic
actions, we further investigated the effects of SST analogue
treatment on the intracellular levels of cyclin-dependent
kinase inhibitor, caspase and Ras-ERK2 (extracellular
regulated kinase) signaling. Therefore, the results presented
in this study will lead to better understanding of the application
of SST analogues and provide insights into the possible
mechanisms employed by SSTRs in inhibiting cancer cell
proliferation.

Materials and methods

Materials. Capan-2, a human pancreatic cancer cell line, was
a gift from Sun Yat-sen University (Guangzhou, P.R. China)
and A549, a human lung cancer cell line, was a gift from
Guangzhou Biomedicine Research and Development Centre
(Jinan University, Guangzhou, P.R. China). The HEK-293T
cells were purchased from Microbix Co. MEM and fetal calf
serum (FCS) used in tissue culture were purchased from
Invitrogen. 3-[4, 5-dimehyl-2-thiazolyl]-2, 5-diphenyl-2H-
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO),
penicillin, streptomycin, 5-Bromo-4-chloro-3-indoxyl-ß-D-
galactopyranoside (X-gal) and octreotide were from Sigma.
RC-160 was purchased from Genscript. Blue Range™
prestained protein molecular marker was from Pierce. Goat
polyclonal anti-hSSTR2, mouse monoclonal anti-p16, mouse
monoclonal anti-caspase-3, rabbit polyclonal anti-ERK-2 and
goat polyclonal anti-ß-actin were purchased from Santa Cruz
Co. Mouse monoclonal anti-ras was purchased from abcam.
The horseradish peroxidase (HRP)-conjugated goat anti-rabbit
IgG, rabbit anti-goat IgG and goat anti-mouse IgG were
purchased from QED Bioscience.

Propagation of the adenoviral vectors. The recombinated
adenoviral vectors encoding full length human SSTR2

(Adv-SSTR2) or Escherichia coli ß-galactosidase (Adv-LacZ)
were propagated in 293T cells and purified using Adeno-X™
virus purification kit (Clontech) according to the manu-
facturer's instruction. The adenoviral vectors were then stored
at -70˚C before use. Viral titres (PFU) were determined using
a modified plaque assay, where 293T cells were infected
overnight to ensure entry of all functional virions and to
avoid confounding by receptor density. The resulting titres
for Adv-SSTR2 and Adv-LacZ were 6.3x109 pfu/ml and
3.2x109 pfu/ml, respectively. These PFU titres (functional
virions) were used for dosing in cell transfection.

Cell culture and transfection. To evaluate the transfection
efficacies of the adenoviral vectors, ~3x104 cells were grown
in 1 ml MEM (supplemented with 100 IU/ml penicillin,
25 g/ml streptomycin, and 10% FCS) in 24-well microtiter
plates and maintained overnight (~80% confluency) at 37˚C
in a humidified atmosphere containing 5% CO2. Briefly, the
cells were washed with phosphate-buffered saline (PBS),
then transfected with Adv-SSTR2 or Adv-LacZ in 200 μl
serum-free MEM at the density of a multiplicity of infection
(MOI) of 100 for 3 h in a humidified 37˚C atmosphere
containing 5% CO2. The cells were cultured for additional
48 h and the LacZ gene expression was visualized by
staining for ß-galactosidase. Briefly, the cells were washed
with 37˚C pre-warmed PBS and fixed with 1 ml 0.05%
glutaraldehyde for 15 min at room temperature. The cells
were again rinsed 3 times with PBS, followed by incubation
with 1 mg/ml X-Gal, 1 mmol/l MgCl2 and 5 mmol/l K4Fe
(CN)6/K3Fe(CN)6 in 200 μl PBS for 12 h at 37˚C. The cells
stained for ß-galactosidase were observed under an inverted
phase contrast microscope (Nikon Eclipse TE2000-S).

RNA isolation and reverse transcription-PCR. Total RNA
was extracted from capan-2 and A549 cells with TRIzol
(Invitrogen) according to the manufacturer's instructions.
Total RNA (2 μg) in each reaction was reverse-transcribed
into complementary DNA (cDNA) with oiligo(dT) primers
using Moloney murine leukemia virus reverse transcriptase
(Promega). The cDNAs were subjected to polymerase chain
reaction under the condition of 94˚C for 30 sec, 55˚C for 30 sec
and 72˚C for 30 sec for 30 cycles. Aliquots of 10 μl PCR
reaction were analyzed by electrophoresis on 1.0% agarose
gel containing ethidium bromide and the images were taken
with Alpha Imager™2200 (Alpha Innotech). The sequences
of the SSTR1-5 specific primers and the lengths of each
fragments amplified are shown in Table I.

Cell proliferation assay. MTT (methyl thiazolyl tetrazolium)
assay was used to determine the influences of somatostatin
analogues on the proliferation of capan-2 cells or A549 cells.
Capan-2 or A549 cells harvested in a logarithmic growth phase
were seeded on a 96-well plate at a cell density of 5x103 cells
per well in 100 μl MEM culture medium and grew overnight.
The cells were then transfected overnight with Adv-LacZ or
Adv-SSTR2 at MOI of 100, followed by treatment with
octreotide or RC-160 at different concentrations for 4 h
(32,33). PBS was used in mock transfection. For MTT assay,
the cells were incubated with 10 μl methyl thiazolyl
tetrazolium solution (5 mg/ml in PBS) for additional 4 h at
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37˚C. Dimethyl sulfoxide (100 μl) (Sigma) was then added to
each reaction for 10 min. The absorbance of dark-blue
formazan crystals reduced by the viable cells was measured
at 490 and 450 nm using a microplate reader (Bio-RAD 550)
at room temperature. Triplication was set up for each
sample.

Immunoblotting analysis. Cultured cells were collected and
resuspended in lysis buffer containing 50 mM Tris-HCl
(pH 7.4), 100 mM KCl, 10% glycerol, 1 mM EDTA, 1% Triton
X-100 and 1 mM DTT protease inhibitors (Roche). Cells

were lysed for 20 min at 4˚C and the supernatants were
collected by centrifugation at 12,000 x g for 15 min at 4˚C. A
total of 70 μg proteins from each sample were separated by
electrophoresis on 12% SDS-polyacrylamide gels and
transferred to PVDF membrane (Whatman). Specific primary
antibodies and horseradish peroxidase-conjugated secondary
antibodies were then used for probing. The immunoblots were
visualized by chemiluminescence with the ECL kit (Amersham
Pharmacia) and the results were further analyzed using Alpha
part II Ease (Alpha Innotech).

Statistical analysis. SPSS statistical software (version 12.0)
was used for analyses. Statistical significance was determined
using the analysis of variance (ANOVA). Data were deemed
statistically significant at P<0.05.

Results

Expression of SSTRs in capan-2 and A549 cells. The mRNA
expressions of five SSTRs in cultured capan-2 and A549
cells were analyzed by RT-PCR. All five SSTRs except
SSTR3 were expressed in capan-2 cells while only SSTR1 and
SSTR4 were expressed in A549 cells (Fig. 1A). Elevated
SSTR2 protein expressions were observed in capan-2 and
A549 cells transfected with Adv-SSTR2, but not in the cells
transfected with control adenovirus expressing LacZ in
theWestern blot assay (Fig. 1B). The results suggested
successful adenoviral infection and the expression of the
exogenous SSTR2 gene in the in vitro transfection of the
cultured cells. The endogenous SSTR2 protein was not
detected in either cell line, suggesting that the protein
expression of SSTR2 in these cells should be further
determined or the level of endogenous protein was below the
threshold of the Western blot assay in this study.

The tansfection efficacies of the adenovirus vectors. Purified
Adv-LacZ (at the density of MOI of 100) was used to infect
cultured capan-2 and A549 cells, respectively. The efficacy
of transfection was analysed 48 h post-transfection. The
expression of LacZ gene was visualized by ß-gal staining. It
was shown that nearly 100% transfection was obtained at MOI
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Figure 1. The expression of SSTRs in capan-2 and A549 cells. (A) The RNA
expressions of all five SSTRs were analyzed by RT-PCR. SSTR1 (lane 1),
SSTR2 (lane 2), SSTR4 (lane 3) and SSTR5 (lane 4) were expressed in
capan-2 cells while SSTR1 (lane 5) and SSTR4 (lane 6) were expressed in
A549 cells. DNA ladders were loaded in lane M. (B) The protein expression
of SSTR2 was detected in capan-2 (3) and A549 cells (4) transfected with
Adv-SSTR2, shown by Western blotting with anti-SSTR2. No SSTR2 proteins
were detected in control capan-2 (1) cells or A549 (2) cells transfected with
Adv-LacZ. The cellular ß-actin is shown as an internal control.

Table I. Sequences of the primers used in amplifying SSTR1-5 cDNA and the length of each fragment amplified.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Amplicon (size bp) Primer set Sequence
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SSTR1 (229 bp) Sense primer (22 nt) 5'-GCCAGGCGCAAAGAAGGGAGTT-3'

Anti-sense primer (22 nt) 5'-CACAGGCGACCGTGGAGAGGAG-3'

SSTR2 (451 bp) Sense primer (18 nt) 5'-CACAAGAGGGTCGAGGAG-3'
Anti-sense primer (20 nt) 5'-CATAGCGGAGGATGACATAA-3'

SSTR3 (355 bp) Sense primer (23 nt) 5'-GGACAGCAGAATGATAACCAGCC-3'
Anti-sense primer (22 nt) 5'-CGCCAGGTTGAGGATGTAGACG-3'

SSTR4 (301 bp) Sense primer (24 nt) 5'-TTCGCTACGCCAAGATGAAGACGG-3'
Anti-sense primer (25 nt) 5'-GCTGAGCACGGTGAGACAGAAGACG-3'

SSTR5 (315 bp) Sense primer (25 nt) 5'-CTGCCTGTGCTACCTGCTCATCGTG-3'
Anti-sense primer (26 nt) 5'-CTTCTGGAAGCTCTGGCGGAAGTTGT-3'

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of 100, without showing obvious cytotoxity (Fig. 2). This
amount of adenoviral vectors was used in the in vitro
transfections in this study.

Octreotide inhibited the growth of experimental cancer cells
in an SSTR2-dependent manner. The cultured capan-2 cells
and A549 cells were treated with octreotide of different
concentrations. No significant influence (P>0.05) on cell
proliferation was observed with octreotide treatment alone,
although slightly decreased growth of capan-2 cells was
observed when treated with octreotide at 0.8 μg/ml (Fig. 3A).
Compared with the Adv-LacZ transfected control cells, over-
expression of SSTR2 significantly inhibited the growth of
Adv-SSTR2 transfected capan-2 cells and the growth of Adv-
SSTR2 transfected A549 cells, up to 42% and 40% (P<0.05),
respectively (Fig. 3A and B). The growth of Adv-SSTR2
transfected capan-2 cells and the growth of Adv-SSTR2
transfected A549 cells were further decreased, up to 79% and
77% (P<0.05), respectively, when treated with 0.8 μg/ml
octreotide. In addition, the anti-proliferative effect of octretide
observed in Adv-SSTR2 transfected cancer cells was dose-
dependent (Fig. 3C).

Vapreotide RC-160 inhibits the proliferation of experimental
cancer cells with similar efficacy as octreotide. The cultured

capan-2 cells and A549 cells were treated with RC-160 of
different concentrations. No significant inhibition (P>0.05)
was observed with RC-160 treatment alone in either capan-2
cells or A549 cells even at the maximum concentration (up
to 8 mg/ml) used in this study (Fig. 4A and B). However,
dramatically improved anti-proliferative effects of RC-160
were observed in capan-2 and A549 overexpressing SSTR2.
Compared with the untreated Adv-SSTR2 transfected control
cells, the growth of Adv-SSTR2 transfected capan-2 cells
and Adv-SSTR2 transfected A549 cells were further inhibited
up to 80% and 75% (P<0.05), respectively, when treated with
8 mg/ml RC-160 (Fig. 4A and B). Similar to octreotide
treatment, the improved anti-proliferative effects of RC-160
observed in Adv-SSTR2 transfected cancer cells were dose-
dependent (Fig. 4C). No discernable difference was observed
with the efficacies of the two somastatin analogues in either
capan-2 or A549 cells.

SSA inhibited cell proliferation via both cytostatic and
cytotoxic pathways. The cytotoxic pathway was implicated in
SSTR3-mediated cell growth inhibition while the cytostatic
pathway was implicated in the cell growth inhibition mediated
by the other four SSTR subtypes. The potential influences of
SSA/SSTR on signaling molecules in cell cycle regulation
and apoptotic pathway, as well as on Ras-ERK2 signaling
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Figure 2. The efficacy of transfection of the constructed adenovirus vector in cultured cells. The transfection efficacy of the adenovirus vector was
demonstrated with Adv-LacZ using ß-galactosidase staining. (A) Untransfected capan-2 cells. (B) Untransfected A549 cells. (C) Adv-LacZ transfected
capan-2 cells. (D) Adv-LacZ transfected A549 cells. The cells positive for ß-galactosidase staining were visualized under microscope (x200) and nearly
100% transfection was shown when MOI was up to 100. Untransfected cells showed negative ß-galactosidase staining.
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were further investigated using an immunoassay (Fig. 5A).
The expression of the cyclin-dependent kinase inhibitors, p16
and the expression of the critical effector of both extrinsic

and intrinsic apoptotic pathway, caspase-3, were upregulated
in capan-2 cells overexpressing SSTR2 as well as in the Adv-
SSTR2 transfected capan-2 cells treated with octreotide/
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Figure 3. The influence of SSTR2 overexpression and/or Octreotide
treatment on cancer cell proliferation. (A) Cell proliferation assay using
capan-2 cells. The growth of cultured capan-2 cells was markedly inhibited
by overexpression of SSTR2 (capan-2 + SSTR2, P<0.05), compared with
the control cells overexpressing ß-galactosidase (capan-2 + LacZ) or the
mock transfected cells (capan-2). The growth of the capan-2 cells over-
expressing SSTR2 was further inhibited when treated with octreotide
(capan-2 + SSTR2 + octreotide, P<0.05) at different concentrations as
indicated. Octreotide treatment alone (capan-2 + octreotide) had a minimal
influence on capan-2 cell proliferation. (B) Cell proliferation assay using
A549 cells. The growth of cultured A549 cells was markedly inhibited by
overexpression of SSTR2 (A549 + SSTR2, P<0.05), compared with the
control cells overexpressing ß-galactosidase (A549 + LacZ) or the mock
transfected cells (A549). The growth of the A549 cells overexpressing
SSTR2 was further inhibited when treated with octreotide (A549 + SSTR2 +
octreotide, P<0.05) at different concentrations as indicated. Octreotide
treatment alone (A549 + octreotide) had no discernable influence on A549
cell growth. (C) The anti-proliferative effect of octreotide is SSTR2-specific
and dose-dependent. The growth of SSTR2-overexpressing capan-2 cells
and SSTR2-overexpressing A549 cells was inhibited by octreotide in a dose-
dependent manner.

Figure 4. The influence of SSTR2 overexpression and/or RC-160 treatment
on cancer cell proliferation. (A) Cell proliferation assay using capan-2
cells. The growth of cultured capan-2 cells was markedly inhibited by
overexpression of SSTR2 (capan-2 + SSTR2, P<0.05), compared with the
control cells overexpressing ß-galactosidase (capan-2 + LacZ) or the mock
transfected cells (capan-2). The growth of the capan-2 cells overexpressing
SSTR2 was further inhibited when treated with RC-160 (capan-2 + SSTR2
+ RC-160, P<0.05) at different concentrations as indicated. No discernable
influence on capan-2 cell proliferation was observed with RC-160 treatment
alone (capan-2 + RC-160). (B) Cell proliferation assay using A549 cells.
The growth of cultured A549 cells was markedly inhibited by overexpression
of SSTR2 (A549 + SSTR2, P<0.05), compared with the control cells
overexpressing ß-galactosidase (A549 + LacZ) or the mock transfected
cells (A549). The growth of the A549 cells overexpressing SSTR2 was
further inhibited when treated with RC-160 (A549 + SSTR2 + RC-160,
P<0.05) at different concentrations as indicated. RC-160 treatment alone
(A549 + RC-160) had no discernable influence on the proliferation of A549
cells. (C) The anti-proliferative effect of RC-160 is SSTR2-specific and
dose-dependent. The proliferation of SSTR2-overexpressing capan-2 cells
and SSTR2-overexpressing A549 cells was inhibited by RC-160 in a dose-
dependent manner.
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RC-160 (Fig. 5B). It indicated that the activated SSTR2
inhibited cell proliferation via cell cycle arrest and via
promoting apoptosis. By contrast, the expressions of the
oncogenic Ras and ERK2 were decreased in Adv-SSTR2
transfected capan-2 cells as well as in Adv-SSTR2 transfected
capan-2 cells treated with octreotide/RC160, compared with
the Adv-LacZ transfected controls. In line with the data of the
cell proliferation assay, octreotide/RC-160 treatment alone did
not result in noticeable changes in these gene expressions.
Similar results were also observed using A549 cells (data not
shown).

Discussion

SSTRs express ubiquitously in embryos and adult tissues in
a subtype-selective manner. High levels of SSTR2 expression
have been seen in normal tissues as well as in most of human
tumors, including pituitary tumors, insulinomas, breast
cancers and pancreatic cancers. These tissues usually feature
SSTR isotypes other than SSTR2 with relatively lower levels
(27). Due to the anti-proliferative effects of SSTR signaling,
somatostatin and its analogues have been commonly used as
a complimentary treatment in post-surgical medication for
cancers. In contrast to the high expectations, many clinical
trials reported insensitivity to the treatment with somatostatin
and its analogues (34,35). The lack of benefits was believed
to be a consequence of the loss of expression of SSTRs,
particularly SSTR2, in these patients, although hardly any of
these clinical trials had been screened for the SSTR2
expression (36).

The results in this study demonstrated that despite the
endogenous SSTR2 expression, somatostatin analogue

treatment alone has very limited influence on cancer cell
proliferation, in line with the poor outcomes reported in some
cancer patients who received somatostatin analogue
treatment only. However, overexpression of SSTR2 in our
experimental cancer cells significantly inhibited cell
proliferation and improved their response to somatostatin
analogues. These findings indicate that it is the amount of
intracellular SSTR2 that pulls the trigger. In addition, SSTR2
gene transfer, which has been considered for SSTR2-negative
tumors, can also be a promising candidate for cancer gene
therapy for SSTR2-positive tumors.

We further investigated the possible mechanisms of the
anti-tumor effects. SSTR2 has been shown to inhibit cell
proliferation via cytostatic actions by increasing the expression
of the cyclin-dependent protein kinase inhibitors in a MAPK-
dependent manner in previous studies (37). In this research,
we showed that the overexpression of SSTR2 resulted in
up-regulation of the cyclin-dependent kinase (CDK2, CDK4
and CDK6) inhibitor, p16, which in turn, was able to cease
the G1/S phase transition and stop the cell cycle progress.
Also, we suggested that the apoptotic pathway might play a
pivotal role in the SSTR2-mediated inhibition of cell
proliferation by showing that the intracellular level of
caspase-3, the critical effector of intrinsic and extrinsic
apoptotic pathway, was upregulated in SSTR2 transfected
cancer cells. It indicated that SSTR2 signaling could inhibit
proliferation via cytostatic and cytotoxic actions. The
cytostatic and cytotoxic action observed could be the indirect
effects mediated by other SSTR subtypes since heteromeric
interactions between SSTR subtypes have been reported for
SSTR2/SSTR5 (38). However, given the similar degree of
inhibition in proliferation observed with Adv-SSTR2
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Figure 5. SSA/SSTR2 inhibited cancer cell proliferation via multiple pathways. (A) The influences of SSA/SSTR2 signaling on components in cytostatic
and cytotoxic pathways were analyzed in experimental cancer cells using Western blot assay. Total cellular proteins of untransfected capan-2 cells (lane 1),
capan-2 cells treated with RC-160 (lane 2), capan-2 cells treated with octreotide (lane 3), capan-2 cells transfected with Adv-LacZ (lane 4), Adv-lacZ
transfected capan-2 cells treated with RC-160 (lane 5), Adv-LacZ transfected capan-2 cells treated with octreotide (lane 6), Adv-SSTR2 transfected capan-2
cells (lane 7), Adv-SSTR2 transfected capan-2 cells treated with RC-160 (lane 8) and Adv-SSTR2 transfected capan-2 cells treated with octreotide (lane 9)
were separated on 12% SDS-PAGE and probed against the indicated proteins, respectively. (A) ß-actin was used as an internal control. (B) Compared with the
untransfected capan-2 cells (capan-2) or with the Adv-LacZ transfected control capan-2 cells (capan-2 + LacZ), the expression of p16 and caspase-3 was
dramatically increased in Adv-SSTR2 transfected capan-2 cells (capan-2 + SSTR2) and in Adv-SSTR2 transfected capan-2 cells treated with RC-160 (capan-2
+ SSTR2 + RC-160) or octreotide (capan-2 + SSTR2 + octreotide). By contrast, the intracellular level of oncogenic Ras and ERK2 was significantly
downregulated in capan-2 cells overexpressing SSTR2 (capan-2 + SSTR2) and in Adv-SSTR2 transfected capan-2 cells treated with RC-160 (capan-2 +
SSTR2 + RC-160) or octreotide (capan-2 + SSTR2 + octreotide). Treatment with octreotide (capan-2 + octreotide) or RC-160 (capan-2 + RC-160) alone had a
minimal impact on the expression of these signaling molecules.
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transfected capan-2 and A549 cells, we suggested that the
heterodimerization of SSTR2/SSTR5 might not be necessary
in SSTR2-mediated anti-proliferation since A549 cells were
negative of endogenous SSTR5 expression. Nonetheless, recent
research suggested that SSTR5 might play a role in mediating
long-term response to octreotide while SSTR2 mediated the
short-term response (39). Further investigations using SSTR2
and SSTR5 selective antagonists will help to understand the
interplay between SSTR2 and SSTR5 signalings.

The small GTPase, Ras, is another signaling molecule
that has usually been found overexpressed in most human
tumors. Activated Ras activates Raf and in turn, activates MEK
and contributes to substantial tumor cell growth (40). ERK
promotes cell growth by enhancing the Ras-MEK pathway as
well as by accelerating cytoplasmic ß-catenin accumulation
in Wnt pathway (40). Free cytoplasmic ß-catenin relocates into
nucleus and serves as a cofactor with T cell factor/lymphoid
enhancer factor to regulate target gene expression (41). The
expression of RAS and ERK2 was downregulated in our
SSTR2 transfected tumors, suggesting that SSTR2 interferes
with the essential oncogenic RAS-ERK signaling cascade.

Collectively, the findings in this study suggested that
SSTR2, as a very promising candidate for cancer gene therapy,
might be applied to a wide spectrum of cancers that have
different profiles of endogenous SSTR expressions. Also, the
insensitivities of certain tumors to somatostatin analogue
treatment could be remarkably improved by exogenous SSTR2
expression in these tumors. The anti-proliferative effects of
SSTR2 signaling involved multiple pathways, including cyto-
static and cytotoxic actions. Further investigations utilizing
subtype-specific somatostatin analogues on tumors with
different endogenous SSTR expressions will lead to a better
understanding of the mechanisms of the anti-tumor effects
of SSTRs.
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