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Somatostatin, a somatotropin release inhibiting factor (SST, SRIF), is a widely distributed multifunctional cyclic peptide

and acts through a transmembrane G protein-coupled receptor (SST1-SST5). Over the past decades, research has

begun to reveal the molecular mechanisms underlying the anticancer activity of this hormonal peptide.
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1. Introduction

Colorectal cancer (CRC), which encompasses the colorectum (including the anus), referred to as ICD-10 C18-C21 , is

the third most prevalent malignant tumor around the world (including Europe) and second among cancer-related death

causes . In Poland in 2020, in terms of incidence, it also ranked third among both sexes. As a cause of mortality, it

was in second place in men and third in women . About 90% of CRC cases are sporadic, caused by somatic mutations

leading to invasive cancer .

Antitumor effects include primarily inhibiting cell proliferation and increasing cell apoptosis. Other processes (often

associated with antiproliferative effects) include inhibition of angiogenesis and regulation of the tumor’s immune status 

. In the case of CRC, potential antitumor effects also include eliminating chronic inflammatory changes, modifying the

intestinal microbiome and regulating the intestinal barrier and the interaction between cancer and the tumor

microenvironment (TME) . Somatostatin, a somatotropin release inhibiting factor (SST, SRIF), discovered in

the rat/ovine hypothalamus , is a widely distributed multifunctional cyclic peptide produced by cells scattered

throughout the human body . SST as an endogenous peptide hormone and its synthetic analogues (SSAs) acts

through five types of SST receptors (SSTRs): SST1, SST2 (SST2A and SST2B in rodents) , SST3, SST4 and SST5,

which belong to the superfamily of transmembrane G protein-coupled receptors (GPCR family). Functionally, SST and

SSAs are related to well-known signal transduction pathways presented in other reviews .

The most commonly described effects of somatostatin receptor (SST1-5) activation by ligand (SST) are: (i) adenylyl

cyclase (ACL) inhibition; (ii) activation of protein phosphotyrosine phosphatases (PTPs); and (iii) modulation of mitogen-

activated protein kinase/extracellular signal regulated kinase (MAPK/ERK). Other antitumor effectors via SSTRs include

(iv) phosphatidylinositol 3 kinase (PI3K)/protein kinase B (AKT) and (v) calcium signaling pathways . ACL

inhibition leads to a decrease in adenosine monophosphate (cAMP), which results in the downregulation of protein kinase

activity, which suppresses the activity of oncogenes and the development of cancer. Activation of PTPs leads to

dephosphorylation and inactivation of tyrosine kinase . Among the protein kinases inhibited by PTPs is MAPK, which

results in inhibition of DNA and protein synthesis. This signaling pathway is also responsible for pro-apoptotic effects. In

the PI3K/AKT pathway, there is an increase in the expression of p21, p27 and the tumor suppressor gene Zac1, which

causes the accumulation of cells in the G1 phase without entering the S phase and the inhibition of cell proliferation. ACL

inhibition is responsible for the antisecretory effect of SST/SSAs, as well as lowering the intracellular calcium

concentration due to the inhibition of voltage-dependent Ca  channels and activation of K  channels. These activities

may also lead indirectly to the inhibition of proliferation . The molecular mechanisms of the antitumor effects

of SST have been described in various solid tumors .

Concerning gastrointestinal tract (GIT) tumors, the antitumor activity of SST has been well documented in

gastroenteropancreatic neuroendocrine tumors (GEP-NETs)  and poorly in non-endocrine cancers, including

sporadic CRC. There are many unresolved issues in research on the biological effects of SST in CRC. It is unclear,

among others, the role of SST in CRC cell histogenesis  and in increasing the population of cancer stem

cells (CSCs) . Although SST was among the nine hub genes associated with the diagnosis and prognosis of CRC

, its diagnostic and prognostic role in CRC in everyday clinical practice is poorly defined. The clinical value of

examining circadian serum SST levels in CRC is also uncertain .
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SSAs treatment mainly concerns highly differentiated neuroendocrine neoplasms (NENs) of GIT and other tumors that

express SSTRs. Although the importance of SSAs in the treatment of symptomatic hormonally active tumors is widely

recognized, their role as anticancer drugs is controversial and still undefined .

2. Antitumor Effects of Somatostatin in CRC

There are direct and indirect antitumor effects of SST and SSAs in various cancers. The direct action occurs through

SSTRs present on cancer cells and includes inhibition of mitogenic signals dependent on growth factors, induction of

apoptosis and inhibition of cell cycle and/or tumor growth. The indirect effect consists of inhibiting the exocrine and

endocrine secretion of growth factors or trophic hormones, e.g., epidermal growth factor (EGF), basic fibroblast growth

factor (bFGF) and/or insulin-like growth factor 1/2 (IGF-1/2). Indirect actions also include immune modulating effects and

inhibition of tumor angiogenesis .

2.1. Inhibition of Cell Proliferation

Depending on the SSTR subtype, different signal transduction pathways are involved in the antiproliferative effect of SST,

which have been studied in more detail using various in vivo and in vitro research models .

2.1.1. Evidence from In Vivo Studies

Higher circadian SST concentrations were observed both in ulcerative colitis (UC) , in patients with colorectal polyps

and in CRC compared to healthy people. This suggests a protective effect of SST in precancerous alterations of the colon

and CRC . Other studies by these authors conducted on CRC patients do not seem to confirm the antitrophic effect of

SST at the cellular and subcellular levels .

Many studies have demonstrated the tissue expression of SST (mRNA, protein) and characterized the cells producing

SST in this type of tumor. Most studies localize this peptide both in EECs, where colocalization with other NPs is common,

e.g., chromogranin A, serotonin, glucagon, bombesin, vasoactive intestinal peptide (VIP), and in cancer cells (reviewed in

). Amphocrine features of CRC cells have been demonstrated . This may confirm the theory of the origin of EECs

 or the development of this type of tumor from multipotential endodermal SCs . Based on in vivo and in vitro

studies, it has been shown that SST signaling controls the rate of NCs maturation as SCs mature along the NE cell

lineage, which contributes to SC silencing and inhibition of cell proliferation . Additionally, SST expression was

demonstrated in the structures of the nervous system present in the tumor, where it also co-expressed with other NPs,

e.g., protein gene product 9.5 (PGP 9.5), substance P (SP) and calcitonin gene-related peptide (CGRP) .

Typically, decreased SST expression was observed in CRC compared to normal colon tissues  or was not

detected at all either at the protein  or mRNA  level. This was confirmed by studies on an animal model (male rats

with 1,2-dimethylhydrazine dihydrochloride-induced colonic adenocarcinoma), which showed only a few SST-positive cells

. Low SST tissue expression suggests loss of the inhibitory role of SST in tumor growth. Other authors consider the

decrease in SST expression and the increase in ectopic expression of other NPs as indicators of preneoplastic changes in

the large intestine . A reduction in cellular SST expression in CRC is correlated with poor grading and staging .

However, an increase in the number of highly differentiated NCs compared to the number of poorly differentiated NCs in

CRC was also observed . The latest bioinformatic analysis indicates six hub genes, including SST and SST2, that were

significantly downregulated in colon adenocarcinoma compared to controls . SST deficiency or abnormal function of its

receptors would be risk factors for the development of CRC.

Administration of various SSAs resulted in a reduction in tissue expression of proliferative antigens, i.e., Ki-67 in 4/12

patients with rectal cancer (RC)  and proliferating cell nuclear antigen (PCNA) in 6/10 patients with CRC versus control

. Moreover, SSAs treatment reduced serum levels of GH and IGF-1 . A decrease in the average percentage

of cells in the S phase was also observed due to the simultaneous reduction in IGF-1 in the blood serum of these patients,

but without changes in GH and EGF concentrations . Another study using lanreotide (LAN) in advanced CRC did not

confirm the antitumor activity of this SSA. Only higher doses of LAN seemed to maintain reduced IGF-1 concentrations in

the blood serum of these patients .

The mechanisms of the antiproliferative effect of natural SST in CRC can be also associated with the abnormal

expression of cyclins (D1, A, E) and cyclin-dependent kinases (CDK2 and CDK4) in CRC tissues. SST would regulate the

stage of entry into the S phase of the cell cycle .

2.1.2. Evidence from In Vitro and Animal Model Studies
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Inhibition of proliferation, increase in apoptosis of CRC cells, inhibition of tumor growth in animals (nude mice bearing

xenografts) and reduction in angiogenesis after the use of SSAs have been proven in numerous studies both in vitro and

in vivo. The most common CRC cell lines tested for this purpose were, in descending order, HT-29, HCT-116, Caco-2,

SW480 and SW620. All these lines are formed by cells with an epithelial phenotype derived from patients with colorectal

adenocarcinoma. The most frequently represented work is performed on the HT-29 cell line which is derived from a

human colon adenocarcinoma originating from a 44-year-old female . HT-29 cells showed particularly high

susceptibility to several modified octapeptide analogues of SST containing unnatural amino acids (AA) compared to other

cell lines (MDA-MB-23, HepG2, HeLa and Lep-3). The most pronounced antiproliferative effects were demonstrated by

the compound 4 C: Orn  and α-aminoisobutyric acid (6) (Aib ) in these cells with the IC50 = 0.0199 μM .

HCT-116 and HT-29 represent CRC cell lines that correspond to the more (Dukes’ D) and less aggressive forms (Dukes’

C) of CRC, respectively . HCT-116 cells were originally isolated from primary tumors derived from colon ascendens

of a 48-year-old male . Cells from these lines possessed different statuses of one of the most commonly mutated

genes in CRC, i.e., KRAS. HT-29 cells which have microsatellite stable (MSS) status had wild-type (wt) KRAS and PTEN,

but BRAF, PIK3CA and TP53 mutations (R273H), whereas HCT-116 cells, which have MSI status, gained mutated KRAS
and PIK3CA .

In HT-29 cells and nude mouse xenografts, an obvious inhibition of proliferation was demonstrated after SST/SSA

treatment . Some authors observed the antiproliferative effect of SST, but only in the presence of

serum  or in a time and dose-dependent manner . Differences in the intensity of the antiproliferative effect of

two SSAs (Sandostatin and TT-232) on HT-29 cells were demonstrated. After treatment with TT-232, a 59 ± 6% decrease

in the cancer cell number was observed, and after Sandostatin, only 21 ± 12% . However, Keri et al. showed that TT-

232 was effective in inhibiting tumor growth (up to 70% inhibition) in the case of transplanted animal tumors (including

C26) and human tumor xenografts. In the case of HT-29 cells, the inhibition of proliferation also reached 72 ± 5% .

The antiproliferative effect of SSAs has also been described in other CRC cell lines, e.g., CX1 , LIM 1215, LIM 1863,

LIM 2405, LIM 2412 , SW480 , SW620 , HCT-116  and Caco-2 . It was not observed in individual cases

of the CRC cell lines tested, e.g., X56 , and rat colon cancer cells DHD/K12 . Only a minimal effect was observed

after administration of Sandostatin in the case of C170 and LIM 1215 cells . No effect of SST on the invasive potential

of murine colon adenocarcinoma cells 26L5 was observed .

OCT dose-dependent inhibition of proliferation and cell arrest in the G1 phase of the cell cycle were also observed in

SW480 cells . Szepeshazi et al. showed that another SST derivative, AN-238, inhibits the growth of experimental colon

cancers (HT-29 and HCT-15 cells) that express SSTRs, regardless of their p53 status . No significant differences in the

intensity of cell proliferation were observed in mice injected with human colon cancer cells using triple therapy with OCT +

galanin + serotonin versus 5-fluorouracil/leucovorin (5-FU/LV)  or compared to 5-FU/LV-irinotecan or 5FU/LV-oxaliplatin

.

To further assess the direct antiproliferative mechanisms of SST, the presence of SSTRs (or specific binding sites) on

cultured CRC cells was also examined as a condition for the action of SST/SSAs. In the case of HT-29 cells, binding sites

for SST, bombesin and EGF , the existence of low-affinity SSTRs in such cells , high-affinity binding sites for SST 

and functional SSTRs was shown . Using the immunofluorescence technique (IF), the presence of receptor subtypes

such as SST3/4/5  and all types of SSTRs, including two isoforms of SST2 (SST2A and SST2B), was demonstrated.

The presence of SST1/2/5 in HT-29 cells was demonstrated using RT-PCR . In the case of Caco-2 cells, the presence

of SST3/5 was demonstrated and in HCT-116 cells, SST2/3/5 .

Research by some authors showed that SST preferred SST3 and SST5 in their effects . However, no functional

SSTRs were detected on LoVo cells; hence, none of the SSAs used inhibited the proliferation of LoVo tumors . LoVo

cells are cells from a 56-year-old male, with Dukes’ C, with MSI status, with a KRAS mutation, but without mutations in

other important genes of intestinal carcinogenesis (e.g., BRAF, PIK3CA, PTEN, TP53) .

It seems that greater antiproliferative effects occur when SSAs are used in combination with other antitumor agents. The

use of a combination of OCT with interleukin 2 (IL-2) and interferon gamma (IFN-γ) gave a stronger antiproliferative effect

on the growth of SW620 cells but not in SW480 cells . Similarly, the use of Sandostatin together with 5-FU gave a

stronger antiproliferative effect than the administration of Sandostatin alone in C170 and LIM 1215 cells . These

observations are confirmed by the study by Massari et al., who in the colon cancer cell line WiDr (identical with HT-29

cells), expressing a mutant p53 (mp53), showed that the SMS analogue has pro-apoptotic and antiproliferative effects,

which can enhance the effect of 5-FU on human CRC cells expressing mp53 .

[69]

5 6 [70]

[71][72]

[73]

[71]

[70][74][75][76][77][78][79][80][81]

[75] [70][79][80][81]

[77]

[82]

[74]

[83] [84] [82][85] [86] [80]

[74] [87]

[88]

[89]

[90]

[91]

[92]

[93]

[76] [94] [86]

[91]

[95]

[80]

[95]

[81][95]

[91]

[71]

[84]

[88]

[96]



Recent studies also indicate better antiproliferative effects after using conjugated cetuximab (CTX)–OCT loaded onto Ca–

alginate beads (CTX-OCT-Alg) compared to free drug. The studies were performed on three different cell lines, including

CRC cells (HCT-116) . The latest work by Fan et al. demonstrates a combined antitumor effect on cells with the

presence of SSTRs, as well as a mouse model treated with thymidine kinase (TK) deleted vaccinia virus Tian Tan strain

Guang9 (VG9/TK-) or VG9/(SST-14) -human serum albumin (HSA). Fusion technology was used to extend the half-life of

SST in the circulation by combining natural SST with a full-length HSA molecule. It was shown that VG9/(SST-14) -HSA is

more effective in prolonging the survival of all mice in both groups than VG9/TK-. However, the oncolytic activity of

vaccinia viruses was not high enough in some cells, including HCT-116 cells, indicating that these cells were more

resistant to the effects of the viruses. However, as a whole, these studies indicate that vaccinia VG9/(SST-14) -HSA has

oncolytic activity of the virus as well as anticancer activity .

2.1.3. Mechanisms of the Antiproliferative Action of SST

Studies on the mechanisms of action of SST/SSAs in CRC cell lines or animal models confirm the involvement of known

intracellular pathways that regulate secretory activity, inhibit cell proliferation and increase cell apoptosis .

The antiproliferative mechanisms of SST/SSAs in CRC are related to the regulation of protein phosphorylation on tyrosine

residues, which is an important cell signaling mechanism . The control of protein phosphorylation/dephosphorylation

occurs through the combined actions of protein-tyrosine kinases (PTKs) and protein-tyrosine phosphatases (PTPs),

respectively . They are essential for cellular homeostasis and can lead to disruptions in various important cellular

pathways, including cell proliferation and differentiation. It is also known that >80% of all oncogenes encode PTKs, and

PTPs that can reverse the action of PTKs play an important role as tumor suppressors .

As research by Keri et al. showed, a structural derivative of SST, with a five-residue ring (D-Phe-Cys-Tyr-D-Trp-Lys-Cys-

Thr-NH2) called TT-232 inhibited the tyrosine kinase activity of some human carcinomas cell lines of the colon, and this

inhibition correlated well with the antiproliferative effect but did not correlate with GH release inhibition .

Subsequent studies by these authors confirmed strong inhibition of tyrosine kinase activity (75%) after long-term

incubation (24 h) with TT-232 in SW620 cell culture. Moreover, they showed that this effect correlated well with the

inhibition of proliferation and the effect of inducing cell apoptosis. In addition, this study demonstrated the antiproliferative

effect of TT-232 also on Colo205 cells (proliferation inhibition > 50%) and in an animal model (tumor growth inhibition

~70%) . Other studies by the same group confirmed previous observations (strong antiproliferative effect of SW620

cells after TT-232) and additionally showed a rapid and sustained (5–30 min) increase in PTP activity . It should be

added that there are approximately 100 PTPs in the genome, approximately equivalent to the number of tyrosine kinases

. TT-232-induced PTP activation may therefore be an important early step in the signaling pathway in inhibiting cell

proliferation in CRC . Modulation of the activity of various PTPs is one of the intracellular pathways responsible for

inhibiting cell growth also by OCT . SST-stimulated PTP activity shares biochemical features with SHP1 and SHP2

phosphatases. These phosphatases belong to a family of cytosolic PTPs that contain motifs called src homology 2 (SH2)

domains and are involved in protein–protein interactions through their association with specific phosphotyrosine residues

. The PTP family also includes density-enhanced phosphatase-1 (DEP-1) (humans)/PTPη (in rats). All are intracellular

effectors of SSTRs .

Another mechanism of the antiproliferative effect of SST (also involving PTPs) in CRC cells (Caco-2, HT-29 and HCT-116)

is the inhibition of cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2). In Caco-2 cells, SST-14 has been shown to

inhibit basal COX-2 expression, PGE2 production, DNA synthesis and cell growth. The inhibitory effect of COX-2

expression and function occurs through the activation of SST3 or SST5. Therefore, SST may oppose proliferative stimuli

by reducing COX-2 expression driven by a negative regulation of protein kinase C-dependent mitogen-activated protein

kinase (MAPK) and AKT activation. The attenuation of constitutive COX-2 expression by SST in CRC cells via SST3/5 is

expected to occur through activation of PTP, which leads to the inhibition of MAPK signaling and is the main mechanism

for inhibiting the growth of CRC cells .

Uncontrolled growth of CRC cells is also enabled by the activation of human telomerase reverse transcriptase (hTERT), a

catalytic component of the telomerase complex. Telomerase, which maintains telomere length and maintains the cell’s

replicative potential, is activated during the adenoma–carcinoma sequence and its activity increases during tumor

progression. It is believed that telomere shortening plays a role in the early stages of colorectal carcinogenesis, resulting

in chromosome instability . The telomerase signaling was also examined in HT-29 and Caco-2 cells after OCT

treatment. Increased telomerase activity in HT-29 cells cultured in the absence of serum and in the presence of 10% fetal

bovine serum (FBS) was demonstrated. However, in Caco-2 cells, a decrease in telomerase activity was observed in cells

cultured without serum and an increase in the presence of TBS. The authors speculate that OCT may inhibit cell
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proliferation selectively in Caco-2 cells by reducing telomerase activity, whereas in HT-29 cells it appears to inhibit cell

proliferation through different molecular pathways .

An important mechanism of SST action is also the regulation of the distribution and expression of p86 Ku protein (Ku86),

the regulatory subunit of DNA-dependent kinase and the SST binding site. Ku86 has been shown to behave as a specific

nuclear receptor for SST and regulate p53 expression and apoptosis . Quite early, it was shown that Ku86

modulates in vitro dephosphorylation of p34CDK2–phosphorylated histone H1 by phosphoprotein phosphatase 2A (PP2A)

. PP2A is one of the phosphoprotein phosphatases (PPPs), the largest family of phosphatases, and dephosphorylates

hundreds of substrates involved in the cell cycle, regulating almost all major pathways (including MAPK and Wnt/β–

catenin pathways) and cell cycle checkpoints . These findings suggest that Ku86, as a nuclear SST receptor, may

mediate negative control of cell cycle regulation by SST . This is confirmed by other studies . In addition to the

quantitatively differentiated antiproliferative effect of Sandostatin (smaller) and TT-232 (larger) in HT-29 cells, the

involvement of SST in the translocation of Ku86 from the cytosol to the cell nucleus was demonstrated . However,

studies with SST treatment of Caco-2 cells showed inhibition of cell growth while modulating the activation of the Ku70/86

heterodimer by SST. After SST treatment, an increase in Ku86 mRNA levels was observed in the cell nucleus. These

studies confirm the hypothesis that SST controls cell cycle progression and DNA repair through a signaling pathway

involving the regulation of Ku86 levels and Ku70/86 activity in the cell nucleus . Further studies on Caco-2 cells

showed that SST increases the binding between Ku70 and Ku86, induces an antiproliferative effect after 24 h and

restores apoptosis in cells . In turn, a new mechanism of cellular adaptation as a defense system against severe

genomic stress caused by the functional loss of Ku70 has recently been discovered. Conditional deletion of XRCC6 (the

gene encoding Ku70) has been shown to promote an adaptive, opportunistic transition to a parasitic lifestyle of HCT-116

cells at the expense of continuous host cell exploitation .

In the SW480 cells model, it was shown that OCT can inhibit the growth of human colonic cancer cells also by inhibiting

the Wnt/β–catenin signaling pathway . They also showed correlations of reduced tumor growth with clinical tumor

biomarkers after the use of SSAs. A 13% decrease in carcinoembryonic antigen (CEA) level was observed in LoVo cells

after treatment with SMS 201.995. Similarly, in xenografts, a correlation was detected between a decrease in tumor

growth and a reduced serum level of CEA. The CEA concentration therefore reflected the number of cells in vitro and the

size of the tumor in vivo in response to treatment with this type of SSA .

2.2. Pro-Apoptotic Effects of Somatostatin

2.2.1. Evidence from In Vivo Studies

There are few studies on the influence of SST on the apoptosis process in CRC in vivo. Mao et al. showed higher tissue

expression of the pro-apoptotic protein Bax and lower expression of the anti-apoptotic protein Bcl-2 in CRC groups with

high and moderate SST expression compared to the low expression group . Similarly, apoptosis rates determined by

the expression of Fas protein and two caspases (3 and 8) were higher in the groups of CRC patients with high and

moderate SST expression compared to the low expression group .

2.2.2. Evidence from In Vitro and Animal Model Studies

The pro-apoptotic effects of SST/SSAs in vitro or in animal models were most often demonstrated in parallel with their

antiproliferative effect or tumor growth inhibitory effect . In HT-29 cells, after using TT-232, a 7-fold

increase in the number of cells in apoptosis was demonstrated. However, in SW620 cells, a positive correlation was

obtained between the increase in apoptosis and the antiproliferative effect in long-term incubation (24 h) with this SSA.

The studies were confirmed in a mouse model, where a 70% inhibition of tumor growth was achieved in the transplanted

Colon 26 tumor. The apoptosis-inducing effect was independent of p53, as there was no significant effect of TT-232 on the

translocation of Ku86 from the cytosol to the cell nucleus . However, in the murine transplantable Colon 38 cancer

model, it was shown that when administered separately, both SMS and melatonin (Mel) significantly reduced the index of

cell proliferation (labeling index, LI) and increased the apoptotic index (AI). However, no additive effect of SMS and Mel on

cell proliferation or apoptosis was observed. The imbalance between the processes of proliferation and apoptosis has

changed in favor of cell death . Massari et al. showed the pro-apoptotic activity of the SMS 201.995, which was

demonstrated together with the inhibition of cell proliferation in the WiDr cell line (identical to HT-29) . Hohla et al.

showed an increase in the number of apoptotic cells and inhibition of the proliferation of HTC-116 and P388/R84 cells in

the S/G2 phase . Inhibition of tumor growth and induction of apoptosis also depend on the OCT dose, as demonstrated

in SW480 cells . The same cells showed an increase in apoptosis mediated by SST2 and SST5 . However, the

administration of OCT to Caco-2 cell cultures increased in the percentage of cells with apoptosis, increased DNA

fragmentation (Sub-G1 population) and decreased proliferation .
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El-Salhy et al. in their work using a mouse model with implanted rat or human colonic adenocarcinoma cells and the

administration of triple therapy (OCT + galanin + serotonin) obtained an increase in apoptosis and a decrease in the

number of blood vessels, without a decrease in the proliferative index (PI) compared to control . When the effects of

triple therapy (including OCT) were compared with LV/5-FU therapy, a decrease in PI and the number of blood vessels

was demonstrated and an increase in AI in mice treated with both LV/FU-triple therapy and with triple therapy only as

compared with LV/FU-treated mice . Another two studies on xenografts confirmed an increase in AI and a decrease in

the number of tumor blood vessels compared to the control after the use of triple therapy (including OCT)  and an

additional decrease in PI . The reduction in tumor volume and weight after triple therapy appeared to be due to low

proliferation and increased apoptosis and decreased tumor vascularity . In subsequent studies by these authors, no

significant differences were observed in relation to cellular apoptosis in mice injected with human colon cancer cells after

the use of 5-FU/LV , 5-FU/LV-irinotecan or 5FU/LV-oxaliplatin  compared with triple therapy.

Interesting research on the apoptosis process concerns the use of a combined preparation consisting of four NPs

(including SST) called DRF 7295. This peptide caused an increase in p53 levels, downregulation of Bcl-2 levels in

Colo205 cells and induction of active caspase-3 in HT-29 cells .

2.2.3. Mechanisms of the Pro-Apoptotic Action of SST

The study of the pro-apoptotic activities of SST/SSAs in CRC in vitro resulted in the demonstration of certain mechanisms

of apoptosis induction in cancer cells. The work of Keri et al. demonstrated strong inhibition of tyrosine kinase activity

(75%) after long-term incubation (24 h) with TT-232 in SW620 cells, which correlated with the apoptosis-inducing effect

. An important mechanism of action of SST in modulating apoptosis in Caco-2 cells was determined via the interaction

between Ku70, a nuclear isoform of clusterin (nCLU) and Bax. Increased levels of nCLU and significant induction of Bax

were observed after SST treatment. The 55 kD nCLU is important in the apoptosis process and acts as a chaperone in

DNA repair by binding Ku70. A 10-fold increase in the interaction between Ku70 and nCLU was observed after SST

treatment compared to untreated cells. However, after 24 h of SST treatment, Bax was released and nCLU and Ku70

colocalized in the cell membrane and nucleus .

Another mechanism of OCT inducing apoptosis, demonstrated in SW480 cells, might be the negative regulation of the

Wnt/β–catenin signaling pathway via SST2 and SST5. After OCT treatment of cancer cells, accumulation of β-catenin in

plasmalemma, inhibition of T-cell factor-dependent transcription, downregulated Wnt target genes (cyclin D1 and c-Myc)

and mediation of activation of glycogen synthase kinase 3β (GSK-3β)  were observed.

A summary of the mechanisms of action of SST to inhibit CRC cell proliferation and induce cell apoptosis, as well as

inhibiting angiogenesis using SSAs, is shown in Figure 1.

Figure 1. Schematic representation of the effects of SST related to inhibition of cell proliferation and stimulation of

apoptosis in various colorectal cancer (CRC) cell lines (1–5) and/or in CRC animal models using SSAs (please refer to the

main text for more details). Dashed lines with arrows indicate regulation/modulation of other signaling
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molecules/pathways. [↓/↑-reduced/increased expression/activity; : inhibition, blockade; 1: SW620 cells; 2: Caco-2 cells;

HT-29 cells; HCT-116 cells; 3: Caco-2 cells; 4: HT-29 cells; 5: SW480 cells; Cox: 2-cyclooxygenase-2; GSK: 3β-glycogen

synthase kinase 3β; hTERT: human telomerase reverse transcriptase; MAPK/ERK/AKT: mitogen-activated protein

kinase/extracellular signal regulated kinase/serine/threonine-protein kinase (protein kinase B); nCLU: nuclear clusterin;

PGE2: prostaglandin E2; PTPs: protein-tyrosine phosphatases; SSA: synthetic somatostatin analogue; SST: somatostatin;

SST2/3/5: somatostatin receptors 2/3/5; TK: tyrosine kinase; Wnt/β catenin: wingless + integrated or int-1/beta-catenin].
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