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ABSTRACT

Among the five cloned somatostatin receptor subtypes (sat! to sst5), sst2
mediates the antiproliferative effect of somatostatin analogues in vitro.
Somatostatin analogues have been shown to inhibit cell growth in vitro and
in vivo in pancreatic cancer models that expressed sst2. We recently
demonstrated the loss of sst2 gene expression in human pancreatic ade
nocarcinomas and most of the derived pancreatic cancer cell lines. In the

present study, we corrected the sst2 defect in human pancreatic cancer
BxPC-3 and Capan-1 cells by stable transfection with human sst2 eDNA.

In the absence of exogenous ligand, both BxPC-3 and Capan-1 cells
expressing sst2 showed a significant reduction in cell growth. This inhib
itory effect was blocked by treatment with antiserum to somatostatin.
sst2-expressing cells produced somatostatin-like immunoreactivity that
mainly corresponded to somatostatin 14, indicating the induction of a

negative autocrine loop. In other respects, sst2 expression in Capan-1 cells
induced a significant reduction of clonogenicity in soft agar. Moreover, a
significantly reduced (Capan-1 cells) or suppressed (BxPC-3 cells) tumor

growth in athymic nude mice was observed. The reversal of tumorigenic
ity induced by the restoration of sst2 expression suggests that the loss of
sst2 contributes to the malignancy of human pancreatic cancers.

INTRODUCTION

Somatostatin is a widely distributed peptide that negatively regu
lates a number of cellular processes including the growth of multiple
epithelial cell types (1). Studies have shown that somatostatin and its
stable analogues suppress the growth of various normal and cancer
cells expressing somatostatin receptors (2, 3). Evidence exists for a
direct antiproliferative effect mediated by specific cell surface recep
tors. Five subtypes of somatostatin receptors have been cloned from
human, mouse, and rat (4, 5). It was found that sst23 mediates the
antiproliferative effect of stable long-acting somatostatin analogues in
vitro through the activation of a phosphotyrosine phosphatase (6, 7).

The role of sst2 in the negative control of cell proliferation is strength
ened by the presence of this subtype in rat and human breast cancer
cells, small cell lung cancer cells, and pancreatic AR4â€”2Jand MIA
PaCa-2 cancer cells, which respond in vitro to the growth-inhibitory
effect of somatostatin analogues (2, 6, 8â€”10).We recently observed
that sst2 is expressed in normal human exocrine pancreas but not in
exocrine pancreatic carcinomas and their metastasis as well as in most
of human pancreatic cancer cell lines (1 1). These results could explain
the observations that in exocrine pancreatic cancer patients receiving
somatostatin analogue treatment, tumor growth is not influenced to a
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measurable extent in the majority of cases (12â€”14).We postulated that
in these carcinomas with poor prognosis, the loss of sst2 may lead to
a deficiency in cell growth negative control by somatostatin and thus
contribute to tumor growth and progression.

To support this hypothesis, we corrected the endogenous defect of
sst2 in two human pancreatic cancer cell lines, BxPC-3 and Capan- 1,
by stably expressing human sst2 in these cells. We examined the
effect of sst2 expression on cell growth, transformation in vitro, and
tumorigenicity in vivo. Restoration of sst2 expression in human pan
creatic cancer cells generated an inhibitory autocrine loop by stimu
lating sst2 ligand production. The consequent constitutive activation
of sst2 reversed both the in vitro and in vivo malignant properties. We
propose that the malignancy of human pancreatic cancer is in part
associated with a loss of sst2 expression.

MATERIALS AND METHODS

Materials. Geneticin (G4l 8), Moloney murine leukemia virus reverse tran
scriptase, and Lipofectin were from Life Technologies, Inc. (Cergy Pontoise,
France). RNAzoI and oligonucleotides were from Bioprobe (Montreuil-sous
Bois, France). RNAsin was from Promega (CharbonniÃ¨res, France). Taq
polymerase was from Beckman (Gagny, France). Somatostatin antibodies were
from Neosystem (Strasbourg, France). Human sst2 cDNA was provided by Dr.
0. I. Bell (HowardHughesMedicalInstitute,Chicago,IL).Octreotideand
Tyr@-octreotidewere from Sandoz, Basel, Switzerland.

Transfections and Cell Culture. Human pancreatic tumor BxPC-3 and
Capan-I cells were transfected with pRS2 dicistronic mammalian expression
vector containing the 1.35-kbp fragment encompassing the open reading frame
of human sst2 cDNA (6), using Lipofectin reagent. Stable BxPC-3 and Ca
pan-l transfectants were selected and cultured in DMEM and RPMI 1640,
respectively, supplemented with 10% FCS and 0.3 mg/ml Geneticin. Geneti

cm-resistant clones were examined for their ability to bind [â€˜25I
Tyr@]octreotide. Cells were concomitantly transfected with a mock vector

devoid of sst2 cDNA and used as control clones.
Binding Studies. Tyr@-octreotidewas radioiodinated and purified by high

performance liquid chromatography as described (15). Transfected BxPC-3
and Capan-1 cells were cultured in 35-mm-diameter dishes until confluence
(5 X l0@ cells/dish), washed with cold Krebs/HEPES buffer (pH 7.4), and

incubated at 25Â°C for 120 mm in a final volume of 1.5 ml of KrebsIHEPES

buffer containing 15 mg/ml BSA, 0.3 mg/mI soybean trypsmn inhibitor, 0.5

mg/ml bacitracin, and 20 @Mto I nM of [â€2̃5I-Tyr@octreotide (specific activity,

900 Ci/mmol). Cells were then washed twice with KrebsIHEPEScontaining 15
mg/ml BSA and collected after a 10-mm incubation in 0.lN NaOH for
determination of bound radioactivity (6). Nonspecific binding was determined

in the presence of 1 @zMoctreotide.
Cell Growth Assay. BxPC-3 and Capan-1 transfected cells cultured re

spectively in DMEM or RPMI 1640 containing 10% FCS were plated in

35-mm-diameter dishes at 6 X l0@ cells/ml (2 ml/dish). After an 18-h attach

ment phase, cells were cultured in serum-free medium overnight (time 0). The

culture medium was then replaced by fresh medium with or without 10%FCS,
and cells were cultured for 5 days. To evaluate the effect of somatostatin
antiserum on cell proliferation, cells were grown in 24-well plates (6 X l0@
cells/well) in medium supplemented with 10% FCS. After an 18-h attachment

phase, cells were cultured in serum-free medium overnight (time 0). Then,
culture medium was replaced by fresh medium containing 10% FCS with or
without somatostatin antibodies added every 48 h (dilution, 1:500). Cell
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maintained in pathogen-free conditions. These mice were used as transplant
recipients at the age of 8 weeks. Transfected BxPC-3 and Capan- 1 cells were
injected s.c. in 0.4 ml ofDMEM or RPMI 1640 (7â€”10mice/clone). s.c. tumors
were measured periodically in two dimensions using vernier calipers. Tumor
volume was determined by the equation

L

growth was measured by cell counting using a Coulter counter model 2M

(Coulter Electronics, Hialeah, FL) as described (6).
RIA for Somatostatin. Transfected BxPC-3 and Capan-l cells were grown

in 175-cm2 flasks (2.2 X 106 cells/flask) in DMEM and RPMI 1640, respec

tively, supplemented with 10% FCS. After an 18-h attachment phase, cells

were cultured in serum-free medium overnight (time 0). Then, culture medium
was replaced by fresh medium containing 10% FCS, and cells were cultured
for 72 h. Pooled culture media (40 mI/assay from three 175-cm2 flasks
corresponding to a total of 26.4 X 106 BxPC-3 control cells, 19.8 X 106
BxPC-3/sst2 cells, 35.2 X 106Capan-l control cells, and 27.3 X 106Capan
l/sst2 cells) were collected, acidified with trifluoroacetic acid, and subse
quently concentrated using SepPak C18cartridges (Waters, Les Ulis, France).
The adsorbed peptides were eluted with 80% acetonitrile and 0.1% trifluoro
acetic acid. The eluates were evaporated under vacuum and lyophilized. The
dried samples were analyzed for immunoreactivity. The cells were washed
twice, counted using Coulter counter model 2M, extracted in H20, and boiled
for 15 mm. Somatostatin-like immunoreactivity was measured in cell extracts
and media by RIA using specific antiserum directed against the central se
quence of somatostatin 14 used at a 1:80,000 dilution, the radioligand [V25-
Tyr' â€˜]somatostatin,and the standard somatostatin as described (16). This assay
detects somatostatin 14and molecular forms of somatostatin 14extended at the
amino terminus, including somatostatin 28 and prosomatostatin. The minimal
detectable dose was 1 fmolltube.

Gel Filtration Chromatography. Pooled cell culture media (800 ml) from
BxPC-3 and Capan-1 cells expressing sst2 cultured in medium supplemented
with 10% FCS for 72 h were acidified and concentrated using SepPak C18
cartridges. The adsorbed peptides were eluted with 80% acetonitrile and 0.1%
trifluoroacetic acid. The eluate was evaporated, the dried sample was extracted

with 10% acetic acid, and soluble material was applied to a Sephadex G-50
column (1.5 X 90 cm; Pharmacia) equilibrated in 10% acetic acid. Fractions

(5.4 ml) were collected at a flow rate of 8.1 mI/h and lyophilized, and
somatostatin-like peptides were evaluated using RIA. The column was cali

brated with 1 ng of somatostatin 14 and 1 ng of somatostatin 28 applied to the
column and measured by RIA on the column effluent.

RT-PCR.Culturedcellsweregrownin5-cm-diameterdishesfor48 h,and
total RNA was extracted as described (17, 18).RT was carried out as described
previously using 1 p@gof total RNA (11). PCR was then performed as
described (6, 11), using specific sense and antisense primers (2.2 @tMfor
human preprosomatostatin and 0.3 @tMfor @-actin).PCR was carried out on a
DNA thermal cycler (Trio Thermobloc-Biometra, Gottingen, Germany) for 25
(j3-actin) or 35 (preprosomatostatin) cycles consisting of denaturation for 1
mm at 94Â°C,annealing for 1 mm (54Â°Cfor (3-actinand 59Â°Cfor preproso
matostatin), and extension at 72Â°Cfor 90 s. The amplification was terminated
by a final extension step at 72Â°Cfor 10 mm. The following pairs of specific
primers for @3-actin(sense, 5'TCACGCCATCCTGCGTCTGGACT3'; anti
sense, 5'CCGGACTCATCGTACTCCT3'; Ref. 19) and human preprosoma
tostatin (sense, (5'TCCAGCTCGGCTTTCGCGGC3'); antisense,
(5'TCAG1TFC'FAATGCAAGGGTCTCGC3'; Ref. 20) produced DNA frag

ments of 517 and 487 bp, respectively. PCR amplification of both target
sample and j3-actin were run simultaneously. To confirm that PCR products

resulted from cDNA templates rather than genomic DNA, parallel RT-PCR
reactions were carried out for each sample in the absence of reverse tran

scriptase during the RT procedure. These procedures and PCR reactions on
water were used as a negative control of reaction. Amplified fragments were
separated by 7% PAGE, stained with ethidium bromide, and exposed to UV

light.
Soft Agar Assay. Dishes (35 mm in diameter) were precoated with 2 ml of

DMEM or RPMI 1640 containing 20% FCS and 0.8% agar (Bacto-agar;
DIFCO). This agar underlayer was allowed to solidify before use. Two ml of
DMEM or RPM! 1640 containing 20% FCS, 0.4% agar, and different quan
tities of BxPC-3 or Capan-l transfected cells (500â€”100,000 cells) were over
laid onto the precoated dishes. All dishes were incubated at 37Â°Cin 5% C02,
95% air. After 26 days, cell colonies were visualized by staining with 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (5 mg/mI in phosphate
buffer; Sigma, Saint Quentin-Fallavier, France), and quantification was deter
mined by image analysis (Biocom apparatus).

Tumor Implantation and Growth Studies in Nude Mice. Exponentially
growing cells (10 X 106)were inoculated s.c. into athymic female nude mice
(Swiss nude/nude-; IFFA-CREDO, l'Arbresle, France) that were bred and

V = W2 X -
2

in which W = width and L = length of tumor. Mice were sacrificed at 4 and

9 weeks after the inoculation of Capan-l and BxPC-3 cells, respectively. All
animal procedures were in accordance with the guidelines of the institutional
animal care committee.

Statistical Analysis. Statistical comparisons between control cells and
cells expressing sst2 were performed using Student's t test (P < 0.05 was
considered significant).

RESULTS

Constitutive Inhibition of BxPC-3 and Capan-1 Cell Growth by
sst2 Expression. The human somatostatin receptor sst2 was stably
expressed in BxPC-3 and Capan-l cells. Several Geneticin-resistant
clones were obtained, and sst2 receptors were characterized by bind
ing studies using [125I-Tyr@]octreotide as a tracer. Among them, two
clones were selected, BxPC3/sst2 and Capanl/sst2, that expressed
sst2 with an equilibrium constant (Kd) of 0.8 Â±0.16 and 0.3 Â±0.06
nM, respectively, and a maximal binding capacity of 20 Â± 3.6 and

6 Â±1.1 fmoL/mg, respectively (mean Â±SE of two experiments in
triplicate). Cells were concomitantly transfected with a mock vector
devoid of sst2 cDNA and used as control clones. These clones did not
bind [125I-Tyr@]octreotide (data not shown).

Growth curves for sst2-expressing cells and control cells were
generated to determine whether the introduction of exogenous sst2
cDNA influences growth parameters. As shown in Fig. 1, BxPC-3 and
Capan- 1 cells expressing sst2 showed a significant reduction in cell
growth in the absence of exogenous ligand when compared with that
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Fig. I . Effect of sst2 expression on human pancreatic cancer cell growth. Clonal cell
lines were derived from BxPC-3 (A and C) and Capan-l (B and D) cells transfected with
the mock vector (U) or the vector encoding human sst2 eDNA (s), respectively. Cells
(12 X l0@/35-mm plate) were grown in medium supplemented with 10% FCS. After an
18-hattachment phase, cells were cultured in serum-free medium ovemight (time 0). Then
cells were cultured for 5 days in medium containing (A and B) or not containing (C and
D) 10% FCS, and cell growth was measured at the indicated times by cell counting
(Coulter counter model 2M; Coulter Electronics). Results are expressed as the cell
number/plate (mean Â±SE of three separate experiments performed in triplicate).
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Fig. 2. Somatostatin-like immunoreactivity profile after Sephadex G-50 filtration of media from BxPC-3 cells expressing (@) or not expressing (EIJ)sst2. Cells were cultured for
72 h in DMEM with 10% FCS, and cell media (800 ml) were collected, concentrated, treated with 10% acetic acid, and applied to a Sephadex G-50 filtration column. Each fraction
(5.4 ml) was lyophilized, and the immunoreactivity of each fraction was assayed by RIA. Arrows, exclusion volume (VO) and the elution position of cytochrome C ( I2.4 K), aprotinin
(6.5 K), somatostatin 28 (528; 3.15 K). and somatostatin 14 (S14; I.64 K).

observed from control cells. Both in serum-containing medium and in
serum-free medium, the decrease in proliferation of BxPC-3 cells
expressing sst2 was significant after 24 h of culture when compared
with that of control cells, and the decrease continued throughout the
experiment (Fig. 1, A and C). After 5 days of culture, the proliferation
ofBxPC-3/sst2 was reduced by 41 Â±2 and 100% (mean Â±SE; n 3;
P < 0.001) when cells were cultured in serum-containing medium
(Fig. 1A) and in serum-free medium (Fig. 10, respectively. Similar
results were obtained with Capan-l cells (Fig. 1, B and D). Significant
decrease of sst2-expressing cell proliferation was found after 3 days of
culture in serum-containing medium (Fig. IB) and after 24 h of culture
in serum-free medium (Fig. 1D) when compared with that of control
cells. After 5 days of culture of Capan-l/sst2, proliferation was
reduced by 25 Â±2 and 68 Â±3% in medium with or without serum,
respectively (mean Â±SE; n = 3; P < 0.01). These results were
observed with two different clones of each cell line stably expressing
sst2 (data not shown). Treatment of BxPC-3 and Capan-l cells with
the stable somatostatin analogue octreotide at a concentration of 1 nM
did not provide additional inhibition of cell growth irrespective of the
time of treatment (data not shown). The doubling time of sst2-
expressing cells versus control cells was 47 Â±1 versus 36 Â±2.7 h for
BxPC-3 cells (P < 0.02) and 34 Â±0.8 versus 3 1 Â±0.7 h for Capan- 1
cells (P = 0.05) when cells were cultured in serum-containing me
dium. When Capan- 1 cells were cultured in serum-free medium, the
doubling time of ssi2-expressing cells versus control cells was
84 Â±4.2 versus 52 Â±3.5 h (P < 0.001). These results demonstrated
that the stable expression of sst2 results in an inhibition of BxPC-3

and Capan- 1 cell growth in both the presence and absence of serum,
suggesting a constitutive activation of sst2.

Stable Expression of sst2 in Pancreatic Cancer Cells Caused
Activation of sst2 by a Somatostatin-dependent Autocrine Path
way. To answer the question of whether sst2 expressed in pancreatic
cancer cells was constitutively active, we analyzed the stimulation of
sst2 by the production of endogenous somatostatin-like immunoreac
tivity. To determine whether BxPC-3 and Capan-l cells expressing
sst2 might synthesize and secrete somatostatin, we first examined the
endogenous production of somatostatin-like immunoreactivity in cell
extracts and media obtained from cells expressing or not expressing
sst2. Somatostatin-like immunoreactivity was undetectable in cell
extracts from cells expressing or not expressing sst2, irrespective of
the cell line. However, after 3 days of culture, the level of somatosta
tin-like immunoreactivity in cell medium obtained from BxPC-3
control cells was 0.5 Â± 0.05 fmol/l06 cells. This level reached
0.8 Â±0.08 fmol/106 cells (mean Â±SE; n = 3; P < 0.05) in the culture
medium obtained from BxPC-3/sst2. Somatostatin-like immunoreac
tivity was undetectable in media from Capan-l control cells after 3
days of culture but was measured in media of Capan-l/sst2 cells at a
level of 0.1 Â±0.02 fmol/106 cells (mean Â±SE; n = 3). These results
indicated that somatostatin-like immunoreactivity was significantly
increased in sst2-expressing cells and suggested that stable sst2 ex
pression led to the production of somatostatin-like peptides.

We next investigated which forms of somatostatin were present in
cell culture medium. In view of the extremely low levels of immu
noreactivity in the culture medium of Capan-l cells, this study was
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performed on BxPC-3 cells. Cells expressing or not expressing sst2
were cultured in serum-containing medium, and pooled cell media
were treated as described in â€œMaterialsand Methodsâ€•for the analysis
of somatostatin-like immunoreactivity. As illustrated in Fig. 2, when
cell medium from control cells was loaded onto a Sephadex G-50
column, two peaks of somatostatin-like immunoreactivity were ob
served. A major peak (fractions 7â€”13;elution volume, 48 ml) that
accounted for 75% of total immunoreactivity represented high appar
ent molecular mass immunoreactive materials and could correspond
to somatostatin proforms. A minor peak (25% of total immunoreac
tivity) with an elution volume of 173 ml (fractions 29â€”33)coeluted
with somatostatin 14 standard. In contrast, when cell medium from
sst2-transfected BxPC-3 cells was loaded onto the column, 83% of the
total immunoreactivity coeluted within three peaks corresponding to
the mature forms of somatostatin, somatostatin 28 (fractions 24â€”27;
elution volume, 140 ml), and somatostatin 14 (fractions 31â€”33;elu
tion volume, 173 ml), and the shorter form somatostatin 12 (fractions
35â€”37;elution volume, 194 ml). Seventeen percent of the total im
munoreactivity coeluted in a minor peak of high apparent molecular
mass immunoreactive materials (fractions 7â€”10;elution volume, 48
ml) that could correspond to somatostatin proforms.

To further support the hypothesis of sst2-induced production of
somatostatin-like immunoreactivity in pancreatic cancer cells, we next
examined the expression of preprosomatostatin mRNA by RT-PCR
analysis. As observed in Fig. 3, when cells were cultured for 48 h, the
level of preprosomatostatin transcripts was up-regulated in sst2-ex
pressing BxPC-3 and Capan-l cells when compared with that of
control cells.

To investigate whether the secreted immunoreactive somatostatin
accounted for the inhibition of cell growth observed in cells express
ing sst2, we then evaluated the effect of the addition of somatostatin
antiserum to the cell culture medium. A 96-h exposure to anti
somatostatin antiserum did not modify the cell growth of BxPC-3 and
Capan-1 control cells (data not shown). Conversely, the inhibition of
cell growth observed in BxPC3/sst2 and Capan-l/sst2 cells was sig
nificantly blocked by 44 Â±5.2 and by 62 Â±21%, respectively (mean
of three experiments in triplicate) after a 96-h exposure to anti
somatostatin antiserum. These results indicate that somatostatin anti
serum neutralized the effect of secreted somatostatin and nullified the
inhibitory effect of sst2 expression on cell growth.

Stable sst2 Expression Reduced Tumorigenicity of BxPC-3 and
Capan-1 Cells: Anchorage-independent Growth. The ability to
form colonies in soft agar, which is reflective of malignant transfor

A

B

Fig. 4. Anchorage-independent colony formation in soft agarose of Capan-l cells.
Exponentially growing control cells transfected with mock vector (A) and sst2-expressing
cells (B) were overlaid (1.5 X l03/dish in 2 ml of RPMI 1640 containing 20% FCS and
0.4% agar) on 2 ml of underlayer of 0.8% agarose in the same medium in 6-well plates
(35 mm in diameter). Cell colonies were visualized by staining with 3-(4,5-dimethylthia
zol-2-yl)-2,5-diphenyltetrazolium bromide after 26 days of incubation.

mation, was determined in BxPC-3 and Capan-l cells. Independent of
the number of cells plated onto soft agar, we observed an anchorage
independent growth for Capan-l cells but not for BxPC-3 cells. We
then compared the clonogenic potential of control and Capan-l/sst2
cells in semisolid agarose medium plated with 1000 cells/dish. As
shown in Fig. 4, Capan-l/sst2 cells had a lower cloning efficiency in
semisolid medium than did the control cells. The number of colonies
formed by Capan-l/sst2 cells was reduced by 89% when compared
with that formed by control cells [35 Â±4 colonies/dish (sst2-express
ing cells) versus 304 Â±10 colonies/dish (control cells), mean Â±SE
of two experiments in quadruplicate].

Tumorigenicity in Vivo. Inoculation of exponentially growing
cells into athymic mice was performed at 10 X 106 cells/site, and the
progression of xenografts was followed. After a lag time of 40 days
after inoculation, xenografts from BxPC-3 control cells grew rapidly,
with a doubling time of 7.9 days. By contrast, no significant growth
of xenografts from BxPC-3/sst2 cells was observed up to day 66, and
tumor volume remained unchanged (Fig. 5A). Similar results were
obtained after another run of experiments using different clones
expressing or not expressing sst2 (data not shown). Xenografts from
Capan-l control cells grew rapidly up to day 29, but those from
sst2-expressing Capan- 1 cells grew at a significantly slower rate (the
xenograft size was less than 53 Â± 13% of that of control cells;
P < 0.05; Fig. 5B). The doubling time of xenografts from control and
ssl2-expressing Capan-l cells was 9 and 12 days, respectively.

959
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Fig. 3. Effect of sst2 expression on preprosomatostatin mRNA levels in pancreatic
cancer cells. After an 18-h attachment phase, cells were cultured in serum-free medium
ovemight and then cultured for 48 h in medium containing 10% FCS. RI-PCR analysis
was performed on total RNAs extracted from clonal cell lines containing mock vector
(Capan-l, Lane 1; BxPC-3, Lane 3) or expressing sst2 (Capan-l, Lane 2; BxPC-3, Lane
4). The resulting PCR products using specific primers for preprosomatostatin (A; 487 bp)
and @3-actin(B; 517 bp) were analyzed by PAGE after ethidium bromide staining. M, DNA
size markers (pOEMÂ®;Promega).
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Furthermore, sst2 is present in normal human exocrine pancreas,
colon, and prostate tissues but is not expressed in pancreatic and
advanced colorectal carcinomas and their metastasis as well as in
prostate cancer ( 11, 22). The loss of sst2 gene expression and thus of
the consequent mediation of negative regulation of cell proliferation
in neoplastic tissues may provide a growth advantage for these tumors

and explain in part the lack of anti-growth effect of somatostatin
analogue therapy on several advanced-stage carcinomas ( 12). In an
attempt to support the molecular basis of this hypothesis, we corrected
the sst2 receptor defect in the human pancreatic cancer BxPC-3 and
Capan- I cells by stably expressing sst2.

We demonstrated that the sst2 transfectants showed a significantly
reduced cell growth in vitro when compared with BxPC-3 and Ca
pan-I control cells. We established that Capan-l cells expressing sst2
showed a decreased clonogenicity in agar. Furthermore, our results
clearly demonstrated that xenografts from BxPC-3 and Capan-l cells
expressing sst2 showed a suppressed or a reduced growth. All of these
effects were observed in the absence of added exogenous ligand.

The inhibition of cell proliferation observed in sst2-expressing cells
occurred independently of the presence of serum in the culture me
dium and was associated with an increase in the level of preproso
matostatin mRNA as well as an increase in production of endogenous
somatostatin-like peptides. Moreover, the somatostatin antibodies that
can neutralize the somatostatin-like peptides secreted by sst2-express
ing cells counteracted the sst2-induced inhibition of cell proliferation,
indicating that suppression of the interaction between secreted ligand
and sst2 receptors interrupted the sst2-induced autocrine loop. All
these findings support the concept that the expression of sst2 induced
a constitutive activation of the receptor resulting from the induction of
sst2 ligand and led to the generation of a negative autocrine growth
regulatory loop.

As previously observed in breast cancer cells and colonic tumor
cells (23, 24), human pancreatic cancer Capan- 1 and BxPC-3 cells are
capable of synthesizing endogenous somatostatin-like peptides. In
BxPC-3 cells, both control and sst2-expressing cells produced soma
tostatin-like peptides. This production was significantly increased in
sst2-expressing cells, as reflected by the increase of steady-state
preprosomatostatin mRNA and peptide levels. In Capan-l control
cells, no immunoreactive materials could be detected, but preproso
matostatin mRNA was detected after RT-PCR analysis. The synthesis
of somatostatin-like peptides was clearly increased in sst2-expressing
Capan- I cells, as shown by the detection of somatostatin immunore
activity in the culture medium from these cells and the up-regulation
of the level of preprosomatostatin mRNA. However, due to the low
level of immunoreactive materials in Capan-l/sst2 cells, the secreted
forms of somatostatin-like peptides could not be investigated.

As many peptide hormones, somatostatin is synthesized as an
inactive precursor, prosomatostatin, that undergoes posttranslational
processing by specific endoproteolytic enzymes belonging to the
subtilisin-like serine protease family (25). Processing occurs princi
pally at the COOH-terminal part of the molecule to generate two
biologically active peptides, somatostatin 14 and somatostatin 28, an
amino-terminal-extended form of somatostatin 14. In BxPC-3 control
cells, most of the somatostatin immunoreactivity corresponded to
somatostatin proforms. Conversely, in sst2-expressing BxPC-3 cells,
the secreted forms corresponded primarily to somatostatin 14, sug
gesting that sst2 expression up-regulated the endoproteolytic process
ing of prosomatostatin.

Both binding capacity and somatostatin-like immunoreactivity
were 3- and 8-fold higher, respectively, in BxPC-3/sst2 than in Capan
l/sst2 cells. These results may be correlated with the higher inhibitory
growth response both in vitro and in vivo assays observed in BxPC
3/sst2 cells when compared to Capan-l/sst2 cells. Finally, the auto
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Fig. 5. Xenograft formation by BxPC-3 (A) and Capan-l (B) cells. Exponentially
growing cells (control cells expressing mock vector, 0; sst2-expressing cells, @)were
inoculated s.c. (10 X lO@cells/site) into athymic female nude mice (7â€”10animals/group
for Capan- I and BxPC-3 cells, respectively). Tumors were measured on the indicated days
in two dimensions using vemier calipers. Values are means Â±SE from 7-10 xenografts.

DISCUSSION

Pancreatic adenocarcinoma is actually the fourth leading cause of
death from malignant diseases in Western countries. The poor prog
nosis is explained by: (a) late diagnosis because of the absence of
specific early symptoms; and (b) a tendency of the tumor to spread
rapidly with the frequent occurrence of metastasis even from small
primary tumors (21). In the present study, we demonstrated the
intrinsic role of sst2 in the negative growth regulation of human
pancreatic cancer cells. The restoration of sst2 expression after stable
transfection in the two cell lines, Capan-l and BxPC-3, had a direct
impact on the malignant properties of these cells due to the acquisition
of an autocrine-negative activity of sst2.

It is known that somatostatin exerts an antiproliferative effect on
various normal and cancerous cells by either indirectly inhibiting
hormone/growth factor release and angiogenesis or directly acting on
target cells (2, 10). We recently demonstrated that sst2 mediates the
antiproliferative effect of the somatostatin analogues octreotide and
vapreotide through the stimulation of tyrosine phosphatase activity
(6, 7).
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crime-negative activity of the receptor in transfectants depends upon
the levels of sst2 expression and of peptide production. This autocrine
loop could control the tumorigenic properties of pancreatic cancer
cells.

We recently reported that expression of sst2 in NIH 3T3 cells also
induces a negative autocrine loop that results from the up-regulation
of preprosomatostatin gene expression (26). Our results demonstrating
that the expression of ssi2 in two human pancreatic tumor cells
generates a negative autocrine loop by stimulating the production of
sst2 ligand support the hypothesis that the induction of somatostatin
by sst2 may be a general mechanism by which the sst2 ligand receptor
system negatively regulates cell proliferation.

It has been demonstrated that many autocrine factors such as
insulin-like growth factor I (27), epidermal growth factor/transform
ing growth factor a (28), gastrin (29), and glycine-extended gastrin
(30) stimulate the growth of pancreatic tumor cells. However, the
present study is, to our knowledge, the first demonstration that in
human pancreatic cancer cells, the expression of a receptor coupled to
G protein leads to the reversal of malignancy in vitro and in vivo.
Nevertheless, mechanisms implicated in the antineoplastic effect me
diated by sst2 remain to be investigated. Preliminary results obtained
in BxPC-3 cells argue in favor of a cell cycle blockade in the G1â€”S
transition phase in sst2 transfectants.

The molecular pathology of human pancreatic cancer has been
poorly understood until now. The role of K-ras oncogene has been
established, and its mutation occurs in more than 90% of cases of
pancreatic carcinomas (3 1). A mutation of the tumor suppressor gene
p53 occurringin 50%of cases has been observed,as well as a loss of
heterozygosity at chromosome Yip involving the site of the p53 gene
(32). Recently, new putative tumor suppressor genes have been de
scribed such as P16/MTS-1 or DPC4 with regard to the deletion or
mutations observed at chromosomes 9p2l and l8q21, respectively
(33, 34). Human sst2 somatostatin receptor gene has been found to be

localized on chromosome l7q24 (35). To our knowledge, mutations
or deletion at chromosome l7q have not been observed in pancreatic
cancer but a neighbor region at locus l7q2l bears the BRCA I anti
oncogene (breast cancer I gene), a mutation or deletion of which
predisposes one to breast and ovarian carcinomas (36). Additional
studies are needed to elucidate the mechanisms by which sst2 gene
expression was lost in human pancreatic cancer. This could result
from gene alterations, as recently observed in human small cell lung
cancer cells (37), and/or transcriptional or posttranscriptional defects.

In conclusion, we observed that the tumorigenicity of Capan- 1 and
BxPC-3 cells is reversible upon restoration of sst2 expression. The
absence of sst2 expression in human pancreatic cancer and the sub
sequent loss of the sst2-induced autocrine loop could play a role in
deregulation of cell growth and tumor development.
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