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Abstract
Gastrin as the main hormone is responsible for stimulating gastric acid secretion. However, there are more and more indications that the increase in gastrin may 
promote the development of certain gastrointestinal cancers. The amidated gastrin peptides can act as growth factors in the tumor process, and their proliferative effect 
is at least partially dependent on cyclooxygenase 2 and prostaglandins. By affecting the proliferation and inhibition of apoptosis, they contribute to carcinogenesis.

The role of intermediates in the synthesis of gastrin was not known for a long time. They are therefore attributed the role of inactive peptides. Recent research has 
shown that non-amidated gastrin peptides do not belong to inactive precursors, suggesting that further investigation and further evaluation of the role of these 
particles is needed. 

An attempt was made to evaluate whether or not amidated gastrin peptides could be targets for interaction between PPAR-γ and β-catenin nuclear receptors.
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Introduction
Gastrin (G-17) is secreted by gastric G cells and is responsible for 

the stimulation of gastric acid secretion [1]. In addition, many evidence 
suggests that amidated gastrin peptides can act as a growth factor in 
the tumor process. It has been proven that an increase in gastrin may 
significantly promote the development of certain gastrointestinal 
cancers [2]. Although expression of the gastrin-induced amine receptor 
(CCKBR) in human gastrointestinal cancer cells is controversial, there 
are publications indicating its temporal expression. The effects on the 
CCKBR receptor are exerted only by the amidated forms of gastrin [3-5].

The gastrin precursor molecule is preprogastrin, which converts 
into progastrin. Progastrin undergoes further processing enzyme under 
the action of endo-and carboxypeptidases resulting in a synthesized 
gastrin by the glycine extended (G-Gly) [1]. Non-amidated forms of 
gastrin are active molecules represented by progastrin and

Gly-G. These molecules do not work through the CCKBR receptor, 
but through other receptors not according knowledge is not clear. 
Gly-G appears to be associated with ANX II (annexin II) it is not 
known whether directly involved in this interaction [6,7]. Increased 
expression of Gly-G was observed in numerous tumor biopsies and 
tumor cell lines. Research suggests that the differences in the levels of 
G-Gly may affect the proliferation and apoptosis [8,9]. This suggest that 
Gly-G can act as a growth factor for many cancer cells even - including 
pancreatic cancer [10].

Effect on proliferation, cell differentiation by regulation of gene 
transcription have also nuclear receptors PPAR-γ (Peroxisome 
proliferator-activated receptors) [11,12]. They can promote cell 

differentiation, have antiproliferative effects, and inhibit angiogenesis. 
All these processes lead to slow tumor progression [13,14]. There are 
also reports indicating that PPAR-γ activation is conducive to the 
development of colon cancer in APC in mice [9,15,16]. These results 
are in contrast to studies showing the activity antitumor of PPAR-y 
receptors. Moreover, the authors demonstrate that overexpression 
of β- catenin as a transcription co-factor increases PPAR-γ activity 
in colon cancer cells [17,18]. These results are consistent with other 
studies that show the relationship between β-catenin and nuclear 
receptor signaling [19,20].

The β-catenin protein is involved in the classic path of the WNT 
signaling pathway. WNT signal pathway participates in regulation 
of processes such as embryogenesis, differentiation, survival, cell 
proliferation and metabolism. So far the best known is the role of WNT 
proteins in the formation and development of cancer [21]. Changes in 
the activity of the WNT pathway and related disorders in the expression 
of genes regulated by this signalling pathway lead to many pathologies 
[22]. Mutation in the gene encoding β-catenin prevents its
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proteasome degradation, leading to the accumulation of this protein 
in the cells. This in turn activates the transcription of genes responsible 
for proliferation and inhibits the expression of proapoptotic genes in 
cancer cells, contributing to the progression of the disease [23,24].

A more in-depth understanding of the mechanisms responsible for 
regulation of the WNT pathway creates new therapies for modulating 
the activity of the proteins of this signaling pathway.

Materials and methods
Tissue culture

The study used a cell line PANC-1 (human pancreatic 
adenocarcinoma epithelial cell line) obtained from the European 
Collection of Animal Cell Cultures and OE-33 (human caucasian 
oesophageal carcinoma cell line) (Sigma Aldrich, Poland). Cell line 
PANC-1 were routinely in Roswell Park Memorial Institute (RPMI) 
1640 culture medium (Sigma Aldrich, Poland) containing 10% heat-
inactivated fetal bovine serum (FBS; Sigma, Poole, UK) and antibiotics 
(100 mg/l penicillin, 100 mg/l streptomycin) at 37ºC in 95% air, 5% 
CO2 and humidified atmosphere.

The OE-33 cell line was cultured in Dulbecco′s Modified Eagle′s 
Medium (DMEM) containing 4500 mg/l glucose, L-glutamine, 
antibiotics (100 mg/l penicillin, 100 mg/l streptomycin) and 
supplemented with 10% fetal bovine serum (FBS) (Sigma Aldrich, 
Poland) at 37ºC in 95% air, 5% CO2 and humidified atmosphere.

Reagents

The studies used the peptides human amidated gastrin-17 (G-
17) (Sigma-Aldrich, USA), glycine-extended gastrin-17 (Gly-G17) 
(products produced by NeoMPS Strasbourg, France).

Tetrazolium-based growth assay (MTT)

Cell suspension (PANC-1, OE-33) was plated with 100 μl (1 x 104 
cells per well) into 96 well tissue culture plates. Then incubated for 24 
hours at 37°C and 5% CO2.

After overnight incubation at 37°C, 5% CO2 in all wells was replaced 
with serum free medium and incubated for 24 hours with 50 μl 5 x 
(10-8 to 10-5 M) gastrin (G17, heptadecapeptide, Sigma Aldrich, USA) 
and glycine-extended gastrin-17 (Gly-G17) (produced by NeoMPS 
Strasbourg, France). After 72 hours of incubation to each of the test 
wells, 50 μl of methyl thiazoyl tetrazolium (MTT) solution was added 
and the plate was incubated for 4 hours. The media was then removed 
and MTT was dissolved in 75 µl of DMSO per well. The optical density 
was measured at 550 nM.

Western Blot analysis

Protein extraction was performed using a columnar protein 
isolation kit - NucleoSpin® RNA/Protein (Macherey-Nagel, Germany). 
Protein concentration in the supernatant was measured using the 
spectrophotometer NanoDrop 2000 (Thermo Scientific). Total cellular 
protein (20-30 μg) was separated by electophoresis on a 12,5% sodium 
dodecyl sulfate-polyacrylamide gel and transferred onto Immobilon 
membrane (Millipore, Bedford, MA). After blocking, the membranes 
was incubated with the antibodies indicated as follows: PPAR-γ 
monoclonal antibody (Thermo Scientific) and rabbit anti-beta-catenin 
antibody (Sigma). Next membranes washed and were then probed 
with secondary antibody conjugated horseradish peroxidase (Sigma) 
for 30 minutes. In the same way actin controls were performed. 

Chemiluminescent visualisation and protein detection were carried out 
using the Amersham enhanced chemiluminescence kit (Amersham, 
Little Chalfont, United Kingdom). Relative protein quantification was 
carried out using the Chemi Genius2 Biolmaging System (Syngene, 
Cambridge, UK) in conjunction with the GeneTools image analysis 
software (Syngene).

Statistics

For evaluation of in vitro data non-parametric Mann-Whitney U 
test was used.

Results
Growth effects of gastrin-17 and glycine-extended gastrin-17 
on PANC-1 and OE-33 cells

Growth effects of G17 on PANC-1 and OE-33 cells were measured 
by MTT assay method. Results are mean ± S.E.M and represent 
three experiments with four replicates. Exogenous gastrin-17 (G-17) 
administration increased the number of both PANC-1 and OE-33 
cells in a dose dependent manner reaching maximum at a gastrin 
concentration of 10-6 to 10-5 [M] (p<0,01, non-parametric Mann-
Whitney U test, significant indicated by) (Figure 2A and 2B). These 
results are in agreement with previous observations conducted by other 
investigators [1]. On the other hand, treatment of glycine-extended 
gastrin-17 (Gly-G17) cells increased the number of both cell types at 
a maximum concentration level of 10-5 [M] (p<0,01, nonparametric 
Mann-Whitney U test, significant indicated by) (Figure 1A and 1B). 
The study confirms the fact that gastrin and gastrin precursors are 
powerful trophic peptides that act pro-oncogenically and stimulate the 
growth of pancreatic cancer cells and esophageal cancer. 

Figure 1.  Growth effects after treatment of glycine extended gastrin in PANC-1 and 
OE-33 (A-B) cell lines. After Gly-gastrin treatment at 10-5, cell growth was observed in 
PANC-1 (A) and OE-33 (B) cells. Results were monitored using the MTT test (p <0.01 non 
parametric Mann-Whitney U test significant indicates by).
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Investigation of the effect of gastrin and gastrin precursors 
on PPAR-γ receptors and β-catenin protein in PANC-1 and 
OE-33 cells

Western blot analysis revealed a 60 kDa protein corresponding to 
PPAR-γ. Under the influence of gastrin and Gly-gastrin, expression of 
PPAR-γ was observed to be significant only in the case of the synergistic 
action of both compounds. The increase in receptor expression clearly 
depended on the time of stimulation (Figure 3C and 3E). The highest 
expression (p <0.001) was observed after 60 minutes of synergistic 
action of both compounds compared to untreated control. Conducted 
studies have shown that the interaction of gastrin and its precursors 
(Gly-gastrin) has an effect on PPAR-γ activity (p <0.001 after 60 min). 
This effect was particularly evident in the PANC-1 cell line. 

On the OE-33 cell line, however, only the positive effect of gastrin on 
PPAR-γ stimulation was observed. The effect of gastrin was dependent 
on the duration of action (p <0.001 after 60 min). No significant changes 
were observed in Gly-gastrin. Similar results were obtained by studying the 
synergistic effect of both compounds (Figure 4C, and 4E).

A completely different trend has been observed with β-catenin. 
The study demonstrated the stimulatory effect of gastrin on protein, 
which plays an important role in the WNT/β-catenin signaling 
pathway. Western blot analysis in the PANC-1 cell line showed that 
overexpresssion 92 kDa protein of β-catenin was observed after 
treatment only gastrin or Gly-gastrin. The positive effect of stimulation 
also appeared after the synergistic action of both compounds 
simultaneously. Reinforcement of the expression of the test protein was 
most evident after 60 minutes of stimulation (p <0.001) with gastrin 
alone. However, in the case of Gly-gastrin and synergism between 
the two compounds, the signal amplification effect was independent of 
stimulation time (p <0.001 after 5 min/30 min/60 min) (Figure 3B and 3D). 

Similar experiments carried out on the OE-33 cell line showed 
a clear effect of gastrin precursors and the synergistic effect of test 
compounds on β-catenin. Positive expression (p <0.001) was observed 

at 30 and 60 min. stimulation Gly-gastrin. At the same time, the 
effect of the compounds induced the same stimulation effect on the 
examined protein regardless of time (p <0.001 after 5 min/30 min/60 
min) (Figure 4B and 4D).

Observations show an important role of gastrin and its precursors 
in regulation of WNT/β-catenin activity. At the same time, the 
synergism of the two compounds has a significant effect on the tested 
protein. The positive effect of stimulation on both cell lines was not 
time-dependent. Furthermore, based on the experience, it can be said 
that the increase in β-catenin expression may affect the signaling of the 
PPAR-γ nuclear receptor, but not necessarily in all cell lines.

In the case of OE-33 line, it was observed that the induction of 
β-catenin protein inactivates the activity of the PPAR-γ receptor. 
Glycine-extended gastrin action and synergism of gastrin and Gly-
gastrin action induced up β-catenin. At the same time, no PPAR-γ 
expression was observed (Figure 4). In the PANC-1 cell line only 
the synergism of gastrin and glycine-extended gastrin activity 
induced upward β-catenin with the simultaneous increase in PPAR-γ 
expression. This effect was observed during 30 and 60 minutes of cell 
stimulation (Figure 3). The obtained results confirm the thesis that 
in most tumors, but not in all PPAR-γ is reduced, while the WNT/β-
catenin pathway is regulated upwards.

Discussion
Conducted studies confirmed the role of gastrin and its precursors 

in promoting tumor progression, through strong trophic effects on 
selected tumor cell lines [2,10]. Literature derived from in vitro studies 
and animal models undoubtedly suggests gastrin carcinogenicity. It is 
not clear at the present time whether high levels of gastrin have the 
same effects in humans. It is suggested that intermediate forms of 
gastrin have an even stronger carcinogenic effect [8]. Therefore, further 
research is needed to assess the potential role of these molecules in the 
carcinogenic process.

It has been proven that some types of cancer produce their own 
gastrin, which promotes tumor growth, although the results of this 
study are contradictory. Certain types of cancer, such as colorectal 
cancer produce a high level of gastrin intermediates. These compounds 
have been isolated in colorectal cancer cells as well as in adenomatous 
polyps and have not been identified in healthy colon-pleural membranes 
[3,25]. A similar tendency has been observed in Barrett’s esophagus 
and esophagus, where high expression of gastrin and its receptor was 
evident in comparison to that seen in healthy epithelial cells [3,26]. The 
chronic form of esophageal reflux disease contributes to inflammatory 
conditions of the epithelium, which over time can be a premature cause 
of adenocarcinoma of the esophagus. Over the past several decades, 
the incidence rates for this type of cancer have increased significantly. 
Gly-gastrin levels are also significantly elevated in gastric mucosa in 
patients with gastrinoma [27]. In addition to the gastrointestinal tract, 
only a few cases of lung cancer showed a relationship of Gly-gastrin 
expression, which was related to the survival rate [28]. 

According to the study, small differences in Gly-gastrin levels may 
affect proliferation and apoptosis. It has been observed that this form of 
gastrin works trophic with many cultured cells, which also confirmed 
our results. Gly-gastrin also has an effect on the reduction of apoptosis 
by correlating with β-catenin, influencing the increase in expression of 
this protein in the examined tumor cell lines. The presented results also 
show a possible association between β-catenin expression and PPAR-γ 
nuclear receptor signaling, as confirmed by other literature reports [29,30].

Figure 2. Growth effects after gastrin treatment in PANC-1 and OE-33 cell lines (A-B). 
After gastrin treatment at 10-5, 10-6, cell growth was observed in PANC-1 (A) and OE-33 
(B) cell lines. Results were monitored using the MTT test (p <0.01 non parametric Mann-
Whitney U test significant indicates by).
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Figure 3. Effect of gastrin and gastrin precursors on PPAR-γ receptors and β-catenin protein in PANC-1 cell. 
Results of the study on effects of gastrin G-17, Gly-G and synergism of these compounds (G-17 + Gly-G) obtained by Western-Blot method for PPAR- γ (C) and β-catenin proteins (B). 
Negative control - β-actin protein (A). 
Results of expression level for PPAR-γ (E) receptor. In the investigated cell lines, expression enhancement was seen for the synergistic action of gastrin (G-17 + Gly-G) and increased at a 
specific incubation time. Significant expression of the test protein occurred after 60 min. (p <0.01 t = 60 min). 
Results of the expression level for β-catenin protein (D). In the investigated cell lines, expression increased at a specific incubation time (p <0.01 t = 60 min) with gastrin. Gly-G stimulation 
and simultaneous action of both proteins (G-17 + Gly-G) induced signal amplification independent of stimulation time (p <0.001 after 5 min / 30 min / 60 min).

Figure 4. Effect of gastrin and gastrin precursors on PPAR- γ receptors and β-catenin protein in OE-33 cell. 
Results of the study on effects of gastrin G-17, Gly-G and synergism of these compounds (G-17 + Gly-G) obtained by Western-Blot method for PPAR- γ (C) and β-catenin proteins (B). 
Negative control - β-actin protein (A). 
Results of expression level for PPAR- γ (E) receptor. In the investigated cell lines, expression increased at a specific incubation time (p <0.01 t = 60 min) only after G-17 gastrin.
Results of the expression level for β-catenin protein (D). In the studied cell lines, expression increased at a specific incubation time (p <0.01 t = 30 min, t = 60 min) with Gly-G. Simultaneous 
stimulation of both proteins (G-17 + Gly-G) (p <0.01, t = 5 min, t = 30 min, t = 60 min) took place at different times.
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In many mammalian cells we observe the opposite effect of 
WNT/β-catenin and PPAR-γ. Often, the amplification of PPAR-γ 
induces inhibition of the β-catenin pathway, whereas activation of 
the WNT/β-catenin pathway results in the inactivation of PPAR-γ 
[18]. In most tumors, but not all, PPAR-γ is down-regulated, and the 
WNT/β -catenin pathway is upregulated. It has also been observed that 
inhibition of the WNT/β -catenin pathway induces PPAR-γ [30].

In tumor cells, increased regulation of WNT/β-catenin signaling 
causes dramatic changes, which in consequence promotes cell 
proliferation and growth. Several studies have documented the 
protective role of PPAR-γ against carcinogenesis [31]. In PPAR-γ, 
colorectal cancer reduces oncogenic beta-catenin and inhibits cell 
proliferation [29]. Contrary to other studies related to PPAR-γ which 
show the involvement of receptors in promoting the development of 
cancer [32]. Therefore, the biological significance of PPAR-γ in cancer 
induction remains controversial and requires further research. Just like 
the interactions of receptors with β-catenin.
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