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Abstract

OBJECTIVES: The aim of this study was to compare the effects of two
somatostatin (SS) analogs: octreotide and lanreotide administered sep-
arately or together with 5-fluorouracil (5-FU) with the action of 5-FU
alone, on proliferation, apoptosis, proliferation/apoptosis (P/A) ratio and
tumor weight in the murine transplantable Colon 38 cancer.
MATERIALS AND METHODS: Two separate experiments were per-
formed on male mice of B6D2F'1 strain. In both experiments the animals
were implanted subcutaneously with suspension of Colon 38 cancer cells.
A few days later, in the first experiment, octreotide was given once daily
for six days at the dose of 10 wg/animal and in the second experiment
a single dose of lanreotide (1 mg/animal) was administered. 5-FU was
treated once (in the first experiment) or twice (in the second experiment)
at the dose of 70 mg/kg b.w. depending on the duration of the experiment.
In both experiments the incorporation of bromodeoxyuridine into the
tumor cell nuclei was used as an index of cell proliferation (labeling index
- LI). The labeling of nuclear DNA fragmentation according to TUNEL
method was considered as an index of apoptosis (AI).

RESULTS: It has been found that both SS analogs, given separately, sig-
nificantly decreased LI of tumor cells, increased their Al and decreased
P/A ratio of Colon 38 tumors, as compared to controls. 5-FU given alone
(in both experiments) significantly enhanced Al, decreased P/A ratio, but
did not significantly change LI, as compared to controls. The joint treat-
ment with 5-FU and each of the two SS analogs did not produce any addi-
tive effects either on proliferation or apoptosis. The tumor weight was
significantly decreased only by the joint treatment with 5-FU and octreo-
tide, as compared to the control group.
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Introduction

It is well-known that somatostatin (SS) analogs can
influence the growth processes in normal and neoplas-
tic tissues, mainly via inhibition of cellular prolifera-
tion [1, 2, 3]. These inhibitory effects of SS analogs on
the proliferation of various lines of colorectal cancer
have been shown in both human and animal origin [4,
5, 6]. In our earlier study [6] we found that adminis-
tration of octreotide in vivo resulted in the inhibition
of proliferation and induction of apoptosis of Colon
38 cancer cells. Other authors [7] have observed that
octreotide enhanced the inhibitory effect of 5-fluoro-
uracil (5-FU) on 3H-thymidine uptake in two human
colon cancer cell lines in vitro, but had no effect on
cell growth when administered alone. Similarly, in our
previous study [8] we have noticed that octreotide
given together with 5-FU caused a more pronounced
inhibitory effect on proliferation of Colon 38 cancer
and a more pronounced reduction in the tumor mass
than in the group treated with 5-FU alone. Chen et
al. [9] observed that octreotide modulated the 5-FU
incorporation into macromolecules. These findings
taken together suggested that octreotide may act on
colonic cancer growth synergistically with 5-FU. 5-FU,
despite being the most effective current chemothera-
peutic treatment in patients with colorectal cancer,
has had only poor clinical effectiveness (response rates
of only 5-20%). The clinical trials with SS analogs in
the treatment of colorectal cancer resulted in only lim-
ited effects [10]. Thus, it is worth studying the various
aspects of antitumoral actions of 5-FU and SS ana-
logs.

The aim of the present paper was to compare the
effects of two SS analogs: octreotide and lanreotide
administered separately or together with 5-FU with
the action of 5-FU alone, on proliferation, apoptosis,
proliferation/apoptosis ratio and tumor weight in the
murine transplantable Colon 38 cancer.

Materials and Methods

Experimental protocol

Two experiments were carried out on male mice of
B6D2F1 strain, weighing 20+5 g. This strain is the
first generation of the cross-breed between C57BL/6
and DBA/2 strains. The animals were subcutaneously
(sc) treated with 33% suspension of Colon 38 cancer
cells to induce tumors.

The first experiment

Eleven days after the induction of tumors, all the
animals were divided into 4 groups (8-10 animals
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each) and treated with the following substances once
daily for 6 days:
Group I: control, 0.2 ml of physiological saline, sc;
Group II: octreotide (SMS, Sandostatin, Novartis),
10 pg/animal, sc;
Group III: 5-fluorouracil (5-FU, Fluorouracil, Pol-
pharma S. A., Poland) at a single dose of 70 mg/kg b.w.
intraperitoneally (ip), on the second day of the experi-
ment and in the rest days—physiological saline;
Group IV: SMS + 5-FU at the above doses.
Twenty-four hours after the last injection, all
the animals were Kkilled by spinal cord dislocation.
Ninety minutes earlier all the mice received a single
ip injection of bromodeoxyuridine (BrdU, Sigma) at
a dose of 30 mg/kg b.w.

The second experiment

Seven days after the tumor implantation, the mice
were divided into 4 groups and treated as follows:
Group I: control, received sc 0.2 ml of dimethyl sul-
phoxide at days 1, 4, 7 and 10 of the experiment;
Group II: lanreotide (LAN, Somatuline L.P., Ipsen
Biotech) in a single injection, at a dose of 1 mg/animal
on the first day of the experiment, intramuscularly
(im);

Group III: 5-fluorouracil (5-FU, Fluorouracil, Pol-
pharma S.A., Poland) at a dose of 70 mg/kg b.w. ip,
on the second and eighth day of the experiment;
Group IV: LAN + 5-FU at the above doses. On the
eleventh day, the animals were killed by spinal cord dis-
location receiving 90 min earlier a single ip injection of
BrdU (Sigma) at a dose of 50 mg/kg b.w.

In both experiments all detectable tumors were
removed, weighed and fixed in 4% (v/v) formaldehyde
(formalin) in PBS, and then embedded in paraffin
wax. After paraffin-processing, serial 4-6 um tissue
sections were mounted on normal glass slides (for
BrdU immunohistochemistry) or on aminopropyl-
triethoxysilane-treated Super Frost glass slides (for
detecting apoptosis). In the microscopic preparations
three parameters were assessed: the BrdU labeling
index (LI), as an index of cell proliferation; the
apoptotic index (Al), as an index of programmed cell
death; and the proliferation/apoptosis (P/A) ratio.

Cell proliferation

The BrdU labeling index was the number of
BrdU-immunopositive cell nuclei detected by immu-
nostaining using the Cell Proliferation kit (Amer-
sham), counted per 1000 randomly scored tumoral
cell nuclei. Bromodeoxyuridine is a pyrimidine
analog and like thymidine it is incorporated into
DNA when cells enter the S phase of the cell cycle.
Therefore, cells in the S phase can be identified
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by immmunocytochemical staining with anti-BrdU
monoclonal antibody [11]. It is a simple and repet-
itive morphological method used to measure cell
proliferation. This method is more specific for our
purposes than the stathmokinetic one (metaphase
arrest), as it excludes the measurement of picnotic
cells (stathmokinetic method) and is more simple
than autoradiography with 3H-thymidine.

Apoptosis

The apoptosis was visualized by the terminal
deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) method. The apoptotic index
equal to the number of cells containing apoptotic
bodies or nuclei assessed per 1000 randomly scored
tumoral cell nuclei. Apoptotic cells were often identi-
fied in the compromised rim of necrotic zones, which
typically exist in large tumors, and such areas were
excluded from the assessment of Al. The laboratory
protocol was adopted from Gavrieli et al. [12] and
was performed with the reagent of In Situ Cell Death
Detection Kit, POD (Boehringer Mannheim) accord-
ing to the manufacturer’s instructions with neces-
sary modification to detect the apoptosis. Briefly,
the tissue sections adhered to slides pretreated with
silane, were heated for about 30 min at the tempera-
ture of 60°C to avoid section detachment and then
deparaffinized and rehydrated. The slides were incu-
bated for 15 min at room temperature in 20 ug/ml
of proteinase K (Sigma) after preliminary tests con-
sisting of varying concentration and incubation time.
Other modifications of the kit were tested earlier
and adjusted to the type of the examined tissues. We
have used the reagents without the dilution. After
the step with terminal deoxynucleotidyl transferase
(TdT), the specimens were additionally saturated
in 5% normal sheep serum to diminish the back-
ground. The color reaction with DAB (diaminoben-
zidine tetrahydrochloride) lasted for about 15 min.
After that, the tissue sections were counterstained
with haematoxylin for about 40 sec and mounted
in Geltol Permanent, Aqueous Mounting Medium
(Immunon). Negative control was performed by omit-
ting TdT.

Statistical analysis

The data were analyzed statistically using the
Mann-Whitney-Wilcoxon test. P < 0.05 was consid-
ered as the borderline of statistic significance.
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Results

Tumor weight

The data concerning tumor weight are shown on
Figure 1. Except for groups treated with SS analogs
alone, all the treatment options resulted in more or
less pronounced reduction of the mean tumor mass,
but only in the group treated with 5-FU plus SMS a
statistically significant difference vs. control group
has been observed (means = SEM,; 75.6+37.7 vs.
434.8+114.8). The difference between tumor weight
of the two control groups has not been estimated
because the experimental protocols differ consider-
ably in both studies. 5-FU alone did not decrease
significantly the mean tumor weight at either of
the two experiments (Exp. I: 5-FU-180.9+71.2 vs.
C-434.8+ 114.8; Exp. II. 5-FU-205.9+127.9 vs.
C-286.8% 130.7). The same tendency concerning the
tumor mass was observed in both experiments: the
lowest mean (or median) tumor weight were shown
in the group treated with 5-FU plus SMS or plus LAN
and were lower than in the groups treated with 5-FU
alone.

Cell proliferation (LI), apoptosis (Al) and
proliferation/apoptosis (P/A) ratio

It has been found that both SS analogs given
alone significantly decreased LI of Colon 38 tumors
(SMS-127.6+19.1; LAN-169.1+11.3) (Figure 2),
increased their Al (SMS-58.8+3.3; LAN-50.4+3.4)
(Figure 3), and decreased P/A ratio (SMS-2.1+0.4;
LAN-3.5%0.5) (Figure 4) as compared to control groups
(Exp. I. LI-255.7+18.5; AI-18.0+1.1; P/A-15.1+2.1;
Exp. II: LI-232.6+20.5; AI-26.5+2.9; P/A-9.1%+0.9).
5-FU given alone significantly enhanced Al
(Exp.I-60.3+9.9; Exp.I1-62.3+7.1), decreased the P/A
ratio (Exp.I-3.1%£0.6; Exp.II-3.7+0.2) and did not
change LI (Exp.I-187.6+39.1; Exp.[1-233.2+30.0) of
tumors as compared to controls (Figures 2, 3, 4). The
joint treatment with 5-FU plus SMS or plus LAN caused
a significant increase in Al (5-FU+SMS-56.1+4.1;
5-FU+LAN-67.3+5.4) and a decrease in P/A ratio
(5-FU+SMS-3.1+0.3; 5-FU+LAN-3.2+0.7) but did
not  significantly change LI  of tumors
(5-FU+SMS-175.0£27.4; 5-FU+LAN-207.0£36.4) as
compared to control groups (Figures 2, 3, 4). The joint
action of 5-FU with one of two examined SS analogs on
the LI, Al and P/A ratio did not differ statistically sig-
nificantly from the effects of these substances applied
alone, but it has to be stated that the observed inhibi-
tory effects of both SS analogs on LI of the tumors were
abolished by the addition of 5-FU (Figure 2). There
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Fig. 1. Effects of SMS, LAN and 5-FU, alone or in combination, on Colon 38 tumor weight

(mg) in mice. Bars present means + SEM.
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Fig. 2. Effects of SMS, LAN and 5-FU, alone or in combination, on BrDU labeling index (LI)
in Colon 38 cancer cells. Bars present means + SEM.

were neither additive nor synergistic effects between
5-FU and SS analogs on the LI, Al and P/A ratios.

Discussion

The data presented above show that the treat-
ment with SS analogs, octreotide and lanreotide,
exert an antiproliferative effect on Colon 38 tumor
cells in vivo. These findings corroborate with earlier
papers coming from our and other laboratories [4, 5,
6]. Unexpectedly, we did not find a decrease of BrdU-
incorporation into tumor cell nuclei in the groups
treated with 5-FU. This lack of effect may be con-
nected with 5-FU dosage used in our study. We spe-
cially chose a relatively low dose of 5-FU, because
we wanted to check the biomodulation effects of SS
analogs on 5-FU action. The other authors showed
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that only the higher of two tested doses of 5-FU
has been effectgve in the inhibition of 3H-thymidine
incorporation (' H-thymidine like BrdU incorporates
into cell nuclei during S phase) into colonic epithe-
lium in mice [13] and in human colon cancer cell line
[7]. It can be also taken under consideration that
5-FU may under certain conditions paradoxically
enhance the incorporation of either 3H-thymidine or
BrdU into cell nuclei by decreasing the endogenous
pool of thymidine caused by thymidylate synthase
inhibition [14]. The thymidylate synthase is a criti-
cal target enzyme for 5-FU cytotoxic action. Thus,
we decided to estimate the proliferative activity of
the tumoral cells via another method. There was no
decrease in the number of PCNA (Proliferating Cell
Nuclear Antigen)-positive cells in the groups treated
with 5-FU as compared to the controls (data not
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Fig. 3. Effects of SMS, LAN and 5-FU, alone or in combination, on apoptotic index (AI) in
Colon 38 cancer cells. Bars present means + SEM.
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Fig. 4. Effects of SMS, LAN and 5-FU, alone or in combination, on proliferation/apoptosis
ratio in Colon 38 cancer cells. Bars present means + SEM.

shown). Our results do not seem to be related to the
kind of the applied proliferation marker.

The joint treatment with 5-FU and each of the SS
analogs reversed the inhibitory effect of both peptides
on the proliferation of tumor cells. Our results are in
contradiction to the study of Romani and Morris [7],
who found that octreotide enhanced antiproliferative
effect of 5-FU on the human colonic cancer cells, even
in the case when 5-FU treated alone did not inhibit
the proliferation. However, the cited study was per-
formed in vitro and perhaps only in those conditions
the synergistic effect between 5-FU and octreotide
occurs. Some additive effect in vitro of both sub-
stances was reported also by Weckbecker et al. [15] on
the pancreatic cancer cells proliferation. So far, there
are no data about the interaction between 5-FU and
octreotide on apoptosis in tumoral cells.

Either 5-FU or SS analogs were found to increase
the apoptotic index of the investigated tumors. The pro-
apoptotic effect of octreotide on Colon 38 tumor was
shown also in our earlier paper [6]. The proapoptotic
effect of 5-FU on gastrointestinal neoplasms was also
demonstrated by other authors [16-18]. Both SS ana-
logs used in our study are known to act preferentially
via SS receptor subtype SSTR2, but may interact also
with SSTR3 and SSTR5 [19]. The recent study of
Sharma et al. [20] indicates that SS and its analogs
induce apoptosis acting via SSTR3. This action is con-
nected with the expression of wild type of tumor sup-
pressor gene p-53 and bax. In the present study we
did not reveal either additive or synergistic effects of
5-FU and SS analogs on apoptosis. The lack of addi-
tive or synergistic effects of 5-FU and SS analogs on
apoptosis may be connected with common intracellu-
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lar pathway in apoptosis induction by the investigated
compounds. For instance, both SS analogs and 5-FU
induce p-53 expression in target cells [13, 20, 21], and
perhaps this common pathway did not allow evoking a
synergistic effect of both substances on the apoptosis.
Expression of p-53 is also involved in the apoptosis
induced by the withdrawal of growth factors [22]. It is
worth recalling that SS and its analogs inhibit growth
factor secretion and/or antagonize their actions.

In spite of the significant alterations in proliferation
and apoptosis indices in the investigated tumor, there
were no significant changes (except the group treated
with 5-FU plus SMS) in the tumor mass. This may
result from the great dispersion of the individual values
of tumor weight inside the experimental groups or from
too short a duration of the experiments. Nevertheless,
there was some tendency toward lower tumor weight
in animals treated with 5-FU together with each of
SS analog. It is unclear why the joint administration
of 5-FU and SMS resulted in decreased tumor mass,
taking into consideration that both substances had no
additive effect on apoptosis and 5-FU even reverses
the antiproliferative action of SMS. Possibly, neither
proliferation nor apoptosis play a pivotal role in the
joint antitumoral action of 5-FU and SMS. This effect
depends rather on the antiangiogenic effect of SMS
[23], which could reduce the tumor mass causing the
necrotic changes.

Summing up, we found that both investigated SS
analogs inhibit proliferation and induce apoptosis in
Colon 38 tumor. On the other hand, we did not find
either synergistic or additive effects of 5-FU and
SS analogs on proliferation and apoptosis indices in
the investigated colonic tumor. However, we cannot
totally rule out such therapeutical synergy because
of some alterations, albeit not always statistically sig-
nificant, of the tumor mass.
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