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Enterohormonal disturbances in colorectal cancer patients
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Gastrointestinal (GI) hormonal peptides play a role in the development of gastrointestinal malignancies, and their abnormal
levels may contribute to dysmotility. The aim of this study was to analyze plasma concentrations of enterohormones (motilin,
ghrelin, gastrin and pancreatic polypeptide) and to verify if their abnormal levels may contribute to the severity of dyspeptic
symptoms in colorectal cancer patients. The study included 60 patients with colorectal malignancies (22 men and 38 women),
among them 30 individuals with colon cancers (group A) and 30 subjects with rectal tumors (group B). Fasting plasma levels
of pancreatic polypeptide (PP), motilin, gastrin and ghrelin were determined by means of ELISA. The results were compared
with the respective parameters of healthy volunteers. Colon cancer patients presented with significantly lower concentra-
tions of ghrelin than the subjects with rectal tumors and healthy controls (156.8+86.7 vs. 260.2+87.6 vs. 258.4+94.2 pg/ml,
p=0.02), as well as with significantly higher levels of PP (265.5+66.3 vs. 154.1+54.6 vs. 148.3+64.3 pg/ml, p=0.005). Also the
levels of motilin turned out to be lower in colon cancer patients than in the subjects with rectal malignancies and healthy
controls. No statistically significant intergroups differences were found in plasma levels of gastrin (388.2+£98.6 vs. 475.6+88.7
vs. 428.2+91.2 pg/ml, p>0.05). Epigastric bloating was the most frequent dyspeptic symptom, reported by 63.3% and 40% of
patients with colon and rectal tumors, respectively. Our findings imply that colon cancer patients may present with abnormal
plasma levels of enterohormones significantly more often than individuals with rectal malignancies. Dysmotility observed
in colon cancer patients may result not only from anticancer surgery, but also from abnormal release of enterohormones,

induced either by neoplastic process or by changes within the autonomic nervous system.
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Synthesis of hormones is a physiological albeit sometimes
neglected function of the gastrointestinal tract. Enterohor-
mones modulate gastrointestinal motility and mucosal growth,
regulate metabolism of glucose and play immune functions.
Principal function of motilin is stimulation of gastrointes-
tinal motility during fasting [1-5]. Moreover, this hormone
promotes gallbladder motility and the release of bile into
the duodenum [6]. Pancreatic polypeptide controls exocrine
function of the pancreas [7] in response to hunger and sati-
ety signaling from the gut-brain axis [8], and reduces gastric
emptying [8]. Ghrelin contributes to gastrointestinal motility,
regulation of appetite, response to hunger and starvation [3,
9-19], and inhibits nausea [18]. Gastrin controls release of his-
tamine, a compound stimulating gastric cells to hydrochloric
acid secretion, promotes cell migration, invasion, apoptosis,
tubulogenesis and angiogenesis [20-23].

Aside from their physiological functions mentioned above,
enterohormones may also play a role in the development of
gastrointestinal malignancies. Motilin seems to contribute to
anticancer chemotherapy-associated dyspepsia syndrome.
Low plasma levels of this hormone in breast cancer patients
receiving FEC chemotherapy coexisted with an impairment of
gastrointestinal motility [24]. Plasma concentration of motilin
in gastric cancer patients decreased significantly on the first
post-gastrectomy or post-subtotal-gastrectomy day, and then
normalized at its preoperative level within the next seven days
[25, 26]. In turn, patients with metastatic gastroenteropan-
creatic neuroendocrine tumors (GEPNETS) presented with
elevated levels of pancreatic polypeptide [27].

Various tumors express ghrelin and its receptor (GHS-R);
expression of ghrelin, at both mRNA and protein level, was
found in gastrointestinal neuroendocrine tumors (NETs),
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gastroenteropancreatic carcinoids, colorectal cancers and
pancreatic carcinomas [16, 28]. This implies that this en-
terohormone may play an autocrine/paracrine function in
neoplastic cell growth. Indeed, many studies revealed that
ghrelin contributes to proliferation, differentiation and inva-
siveness of cancer cells, and protects them against apoptosis
[13, 17, 19, 28]. Also suppression of fasting ghrelin in gastric
cancer patients points to potential involvement of this hor-
mone in carcinogenesis [29].

Most colorectal malignancies synthesize gastrin which
acts in an autocrine manner [31-33]. Non-amidated gastrin
was shown to stimulate mucosal cell growth at early stages
of colorectal carcinogenesis [34]. Elevated plasma concen-
trations of this hormone were also documented in gastric
cancer patients [23, 24, 35]. Fossman et al. demonstrated that
in patients with hypergastrinemia, gastric adenocarcinomas
were located in the gastric corpus more frequently than in
normogastrinemic subjects. Furthermore, hypergastrinemia
correlated with shorter survival in advanced (stage II-IV)
gastric cancer [36]. Elevated levels of gastrin seem to be
also associated with pancreatic cancer risk [21]. Bombski
et al. observed a significant positive correlation between
plasma gastrin, CEA and colorectal cancer stage [37]. On
the other hand, Selgard et al. [38] and Lamberts et al. [39]
did not find a link between hypergastrinemia and colorec-
tal cancer risk. According to Niv et al., concentrations of
gastrin in arterial and venous blood draining colorectal

Table 1. Basic characteristics of colon cancer patients (group A).

Parameter n=30

sex M:F=8(26.7%) :22(73.3%)

median age 64.8 years (40-85)

(range)

type of hemicolectomy - 15 (50%)

surgical resection of the colon - 7 (23.3%)

treatment abdominoperineal amputation of the rectum - 1 (3.3%)
abdominoperineal amputation of the rectum, sigmoidectomy
with metastasectomy - 2 (6.7%)
abdominoperineal amputation of the rectum and resection
of recurrence - 1 (3.3%)
anterior resection of the rectum - 1 (3.3%)
hemicolectomy and anterior resection of the rectum - 1 (3.3%)
anterior resection of the rectum and sigmoidectomy - 1 (3.3%)
anterior resection of the rectum and metastasectomy — 1 (3.3%)

surgical radical - 23 (76.7%) palliative - 7 (23.3%)

treatment

chemotherapy YES - 17 (56.7%) NO - 12 (40%)
hypothermic intraperitoneal chemotherapy (HIPEC) - 1 (3.3%)

present symptoms of any type — 23 (76.6%)
symptoms diarrhea - 2 (6.7%)
constipation - 2 (6.7%)
fatigue - 2 (6.7%)
heartburn - 1 (3.3%)
CEA level normal - 23 (76.7%)
after surgical abnormal -7 (23.3%)
treatment mean level - 82.86 + 73.55 ng/ml

malignancies are similar, and do not differ from those found
in normal large intestinal mucosa. The same authors did not
demonstrate significant differences in gastrin levels within
peripheral venous blood of colorectal cancer patients and
healthy controls [40].

Although the role of enterohormones in gastrointestinal
carcinogenesis seems to be well-established, still many im-
portant questions need to be answered. To the best of our
knowledge, an association between pancreatic polypeptide
concentration and natural history of colorectal cancer has
not been analyzed thus far, and only few authors studied the
levels of motilin and ghrelin in patients with this malignancy.
Also the role of gastrin in colorectal carcinogenesis still raises
many controversies. In view of this incomplete evidence,
we decided to explore a link between enterohormones and
colorectal cancer. In this paper, we present our observations
on plasma levels of ghrelin, motilin, gastrin and pancreatic
polypeptide in colorectal cancer patients. The aim of the study
was to determine plasma levels of motilin, ghrelin, gastrin
and pancreatic polypeptide in colorectal cancer patients and
correlation with dyspeptic symptoms.

Patients and methods

The study included 60 patients (22 men and 38 women)
recruited at the Department of Oncology, University Hospital
in Krakow (Poland) between September 2014 and September
2015. The subjects were divided into two subgroups, with
colon cancers (group A, n=30, 8 men and 22 women, mean
age 64.8+£10.2 years) and with rectal malignancies (group
B, n=30, 14 men and 16 women, mean age 61.2+9.7 years).
Plasma concentrations of enterohormones determined in
these two subsets were compared with the results of healthy
asymptomatic controls (n=30, 9 men and 21 women, mean
age 56.2%12 years). All experiments were conducted at the
Department of Oncology, University Hospital in Krakow (Po-
land) and at the Department of Pathophysiology, Jagiellonian
University Medical College in Krakow (Poland). Protocol of
the study was approved by the Local Bioethics Committee at
the Jagiellonin University, Medical College in Krakow (deci-
sion no. KBET/98/B/2014).

Only the patients who satisfied the following inclusion
criteria were enrolled: 1) histologically confirmed colorectal
cancer, 2) surgical resection of the colorectal tumor, 3) age
218 years, 4) Eastern Cooperative Oncology Group (ECOG)
performance status 1 or 0, 5) no signs and symptoms of neo-
plastic cachexia, and 6) signed informed consent.

Characteristics of the study subjects, stratified according to
cancer location, are presented in Tables 1 and 2.

A 15-ml blood sample was collected from each study subject
to determine plasma concentrations of motilin, ghrelin, gastrin
and pancreatic polypeptide by means of ELISA. Moreover, all
participants completed a survey on the presence and severity
of dyspeptic symptoms. The results of the survey, stratified
according to cancer location, are shown in Table 3.
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Table 2. Basic characteristics of rectal cancer patients (group B).

Rectal cancer patients’ n=30

characteristics

sex M:F=14(46.7%) : 16 (53.3%)
61.2 years (43-76 )

median age (range)

type of surgical anterior resection of the rectum - 17 (56.7%)
treatment abdominoperineal amputation of the rectum - 10
(33.3%)
proctocolectomy and partial resection of the ileum
~1(3.3%)

TEM (transendoscopic microsurgery) with metas-
tasectomy — 1 (3.3%)

anterior resection of the rectum with metastasectomy
-1(3.3%)

radical - 25 (83.3%) paliative — 5 (16.7%)

YES - 21 (70%) NO -9 (30%)

YES - 22 (73.3%) NO - 7 (23.3%)

transcatheter arterial chemoembolization (TACE)
-1(3.3%)

any symptoms — 27 (90%)

abdominal pain - 1 (3.3%)

bloating - 1 (3.3%)

fatigue and abdominal pain - 1 (3.3%)

normal - 27 (90%)

abnormal - 3 (10%)

mean: 9.3+33.8 ng/ml

surgical treatment

radiotherapy

chemotherapy

present symptoms

CEA level after
surgical treatment

Biochemical assays. Fasting plasma concentrations of
ghrelin, pancreatic polypeptide (PP), gastrin and motilin were
determined at rest. Blood samples were stored at 2-8°C for up
to 2 h after collection. Then, the material was centrifuged at
3 800 x g for 10 min (8 °C) to separate plasma, and aspirated
supernatant was stored at -20 °C until the analysis (for 6 h to
1 month).

Fasting plasma concentrations of enterohormones were
determined immunoenzymatically with commercially avail-
able kits for automated systems: Human (Active) Ghrelin
ELISA kit (Demeditec Diagnostic GmbH, Germany) for
ghrelin, Human Pancreatic Polypeptide ELISA kit (EMD Mil-
lipore Corporation, USA) for pancreatic polypeptide, Gastrin
1(G17) Human (Demeditec Diagnostic GmbH, Germany) for
gastrin, and Pre-Motilin ELISA kit (Phoenix Europe GmbH,
Germany) for motilin, all used in line with their manufactur-
ers instructions. The sensitivity of the assays was 25 pg/ml
for ghrelin, 12.3 pg/ml for pancreatic peptide and 0.7 pg/ml
for gastrin and motilin.

Prevalence and severity of dyspeptic symptoms. All
patients completed a self-administered survey on subjective
presence and severity of ten dyspeptic symptoms: epigastric
pain, abdominal discomfort, early fullness, vomiting, nausea,
regurgitation, heartburn, epigastric bloating, feeling of food
retention in the stomach, early satiety, and loss of appetite
(Supplementary file 1). The severity of each symptom was
scored from 0 to 5 points (0 — absent, 1 - incidental, 2 - rare,
3 - frequent, 4 — very frequent, 5 — persistent).

Table 3. The evaluation of intensification dyspeptic symptoms on the basis
of the questionnaire of dyspeptic symptoms in colon (n=30) and rectal
cancer patients (n=30).

Symptom Group A (n=30) Group B (n=30)

epigastralgia no - 22 (73.3%) no - 24 (80%)
incidental - 2 (6.7%) incidental - 3 (10%)
seldom - 2 (6.7%) seldom - 2 (6.7%)
often - 3 (10%) often - 1 (3.3%)
almost always — 1 (3.3%)

apainful sensation of no - 14 (46.7%) no - 24 (80%)

epigastric region

incidental - 2 (6.7%)
seldom - 9 (30%)

often - 3 (10%)

almost always - 1 (3.3%)
constant — 1 (3.3%)

incidental - 1 (3.3%)
seldom - 3 (10%)
often - 1 (3.3%)
constant — 1 (3.3%)

heartburn

no - 16 (53.3%)
incidental - 3 (10%)
seldom -9 (30%)
often - 2 (6.7%)

no - 21 (70%)
incidental - 5 (16.7%)
seldom - 4 (13.3%)

food regurgitation

no - 26 (86.7%)
incidental - 2 (6.7%)
seldom -1 (3.3%)
often -1 (3.3%)

no - 29 (96.7%)
incidental - 1 (3.3%)

early feeling of

no - 22 (73.3%)

no - 28 (93.3%)

satiety incidental - 2 (6.7%) seldom - 2 (6.7%)
seldom - 4 (13.3%)
often - 1 (3.3%)
almost always - 1 (3.3%)

feeling of food no - 17 (56.7%) no - 25 (83.3%)

retention in stom-
ach

incidental - 5 (16.7%)
seldom - 4 (13.3%)
often - 3 (10%)

almost always — 1 (3.3%)

incidental - 2 (6.7%)
seldom - 3 (10%)

bloating in epigastric no - 11 (36.7%) no - 18 (60%)

region incidental - 5 (16.7%) incidental - 4 (13.3%)
seldom - 9 (30%) seldom - 6 (20%)
often - 2 (6.7%) often - 1 (3.3%)
almost always — 1 (3.3%)  almostalways - 1 (3.3%)
constant — 2 (6.7%)

nausea no - 21 (70%) no - 28 (93.3%)
incidental - 4 (13.3%) incidental - 1 (3.3%)
seldom - 4 (13.3%) seldom - 1 (3.3%)
often - 1 (3.3%)

vomiting no- 27 (90%) no- 30 (100%)

incidental - 1 (3.3%)
often - 2 (6.7%)

loss of appetite

no - 23 (76.7%)
incidental - 4 (13.3%)
seldom - 2 (6.7%)
often - 1 (3.3%)

no - 26 (86.7%)
incidental - 2 (6.7%)
seldom - 1 (3.3%)
often - 1 (3.3%)

Statistical analysis. Statistica 10.0 PL package (StatSoft

Inc., Tulsa, OK, USA), licensed for the Jagiellonian Uni-
versity in Krakow, was used for database management and
statistical analyses. The results are presented as percentages
for discrete variables or means and standard deviations (SD)
for continuous variables. Normal distribution of continuous
variables was verified with Shapiro-Wilk test. Variables that
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Figure 1. The differences between plasma levels of enterohormones in
group A,B and the control.

did not satisfy criteria for normality were subjected to the
log-normal transformation prior to further analyses. Intra-
group comparisons of quantitative variables with normal
and non-normal distributions were conducted with paired
Student t-test and Wilcoxon signed rank test, respectively,
and intergroup comparisons were carried out with Student
t-test for independent variables and Mann-Whitney U-test,
respectively. Power and direction of associations between the
plasma levels of enterohormones and the severity of dyspeptic
symptoms were analyzed on the basis of Spearman’s coefli-
cients of rank correlation. Results of all tests were considered
significant at p<0.05.

Results

Plasma concentrations of enterohormones. Colon cancer
patients presented with significantly lower fasting plasma
concentrations of ghrelin than individuals with rectal malig-
nancies and healthy controls (156.8+86.7 vs. 260.2+87.6 vs.
258.4+94.2 pg/ml, p=0.02), as well as with significantly higher
levels of PP than individuals from the remaining two groups
(265.5£66.3 vs. 154.1+£54.6 vs. 148.3+64.3 pg/ml, p=0.005).
No statistically significant intergroup differences were found
in plasma levels of gastrin (388.2+98.6 vs. 475.6+88.7 vs.
428.2+91.2 pg/ml, p>0.05). Mean fasting plasma concentra-
tion of motilin in colon cancer patients turned out to be
significantly lower than in individuals with rectal malignan-
cies and healthy controls (4.8+2.6 vs. 6.7+3.7 vs. 8.4+4.1 ng/
ml, p=0.04). The results are presented on Figure 1. Analysis
of enterohormones plasma levels between subgroups of radi-
cal and palliative surgery did not show statistical differences.
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Figure 2. The correlation between epigastric bloating and ghrelin plasma
levels (part A) and motilin plasma levels (part B) in patients with colonic
(Group A) malignancies.

A small number of patients in each group could result in the
lack of differences.

Prevalence and severity of dyspeptic symptoms. Most
colorectal cancer patients did not report any dyspeptic symp-
toms. The most commonly reported ailment was epigastric
bloating, present in 63.3% and 40% of colon and rectal cancer
patients, respectively. In turn, vomiting was of extremely rare
evidence among the study subjects, occurring in 10% of indi-
viduals from group A and in none from group B.

The most severe dyspeptic symptom reported by patients
from group A was abdominal discomfort followed by bloating
and epigastric pain. In turn, subjects from group B pointed
to epigastric bloating as the most burdensome manifestation,
but the prevalence of dyspeptic symptoms in this group was
generally very low (Table 3).

Correlations. Fasting plasma concentrations of ghrelin
and motilin correlated inversely with the severity of epigastric
bloating in patients from group A (r=-0.66, p=0.04, and r=-
0.48, p=0.02, respectively). (Figure 2) Furthermore, a positive
correlation was found in this group between the plasma con-
centration of gastrin and the severity of abdominal discomfort
(r=0.47, p=0.039). No statistically significant correlations
between the plasma concentrations of enterohormones and
the severity of dyspeptic symptoms were observed in patients
from group B.

Discussion

Under physiological conditions, enterohormones play
a pivotal role in the regulation of gastrointestinal motility.
However, little is known about the changes in plasma con-
centrations of gastrin, ghrelin, motilin and PP taking place in
colorectal cancer patients. In this study, we analyzed associa-
tions between the plasma levels of enterohormones and the
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severity of dyspeptic symptoms in colorectal cancer patients.
The main findings can be summarized as follows:

1. Colon cancer patients presented with significantly lower
fasting plasma concentrations of ghrelin and motilin than in-
dividuals with rectal malignancies and healthy asymptomatic
controls, as well as with significantly higher plasma levels of
PP. The study groups did not differ significantly in terms of
their plasma levels of gastrin.

2. Most colorectal cancer patients did not report any dys-
peptic symptoms. The most commonly reported ailment was
epigastric bloating, present in 63.3% of colon cancer patients
and in 40% of individuals with rectal malignancies.

3. Plasma concentrations of enterohormones correlated
significantly with the severity of dyspeptic symptoms in colon
cancer patients. Specifically, fasting plasma concentrations of
ghrelin and motilin correlated inversely with the severity of
epigastric bloating, and a positive correlation was found be-
tween the plasma level of gastrin and the severity of abdominal
dyscomfort.

The pathomechanisms responsible for abnormal secretion
of enterohormones in patients with colorectal malignancies
are still unknown, and only few previous studies analyzed
concentrations of these compounds in individuals with
gastrointestinal tumors [26,29,36,37]. According to one hy-
pothesis, some substances synthesized within the tumor may
interact with the receptors expressed by enteroendocrine
cells, which results in a decrease/increase in the synthesis of
enterohormones.

Motilin, ghrelin and their receptors belong to the same
peptide sub-family. Motilin is released by endocrine cells of
the duodenal mucosa to stimulate gastrointestinal motility
during fasting. This hormone stimulates hunger contractions
in a fasted state and accelerates postprandial gastric empty-
ing [1-5]. In this study, colon cancer patients presented with
significantly lower fasting plasma concentrations of motilin
than healthy controls. Similar phenomenon was previously
reported by Riezzo et al., in breast cancer patients undergo-
ing FEC chemotherapy [24]. However, the proportion of our
colon cancer patients who underwent a chemotherapy was
relatively low (56.7%), markedly smaller than in the case
of subjects with rectal malignancies (73.3%) whose plasma
concentrations of motilin were similar as in the asymptomatic
controls. Consequently, the hereby documented differences
in plasma motilin levels were unlikely related to systemic
anticancer treatment. Previously, decreased concentrations of
motilin were documented in patients after surgical resection
of colorectal and gastric malignancies, before postoperative
normalization of gastrointestinal peristalsis. Then, a 200%
increase in the level of this hormone was observed at the time
when the peristaltic sounds could be detected stethoscopically,
and this effect persisted until the time of initial postopera-
tive stool [25]. Although 76.7% of colon cancer patients and
83.3% of individuals with rectal malignancies participating
in our study were subjected to radical abdominal procedures,
we did not determine plasma concentrations of motilin im-

mediately after the surgery. Consequently, an influence of
surgical treatment on the values of this parameter determined
in our series is unlikely. Elevated concentration of motilin is
typical for lower intestinal disorders, rather than for the upper
gut pathologies [4]. A decrease in plasma motilin may alter
regulation of migration motor complex (MMC) with a gastric
phase III (interdigestive migrating contractions) [18, 41, 42].
In our study, the decrease in plasma concentrations of motilin
turned out to be associated with greater severity of epigastric
bloating in colon cancer patients. Inverse correlations between
the fasting concentrations of motilin and ghrelin and the sever-
ity of epigastric bloating in colon cancer patients imply that
altered secretion of these enterohormones may be associated
with delayed emptying of the stomach, resultant stasis and
prolonged food retention [12].

Ghrelin is a brain-gut circuit peptide belonging to the
ghrelin/motilin-related peptide family [11]. It has a plethora
of metabolic and endocrine functions, including control of
energy expenditures, gastrointestinal motility, acid and insulin
secretion, homeostasis of glucose, and presumably also pro-
vides a link between the gut and the central nervous system [3,
9, 10, 12-19]. Altered production and secretion of ghrelin has
been implicated in many gastrointestinal pathologies, such as
inflammatory bowel disease, celiac disease, infectious diseases
(e.g. Helicobacter pylori infection), functional disorders (e.g.
functional dyspepsia), irritable bowel syndrome, diabetic
gastroenteropathy, cachexia and some malignancies [9, 12,
43-46]. In our study, colon cancer patients presented with
significantly lower fasting plasma concentrations of ghrelin
than individuals with rectal malignancies. Moreover, we found
inverse correlations between the plasma concentrations of
ghrelin and motilin in colon cancer patients and the severity
of epigastric bloating, a dyspeptic symptom than can be attrib-
uted to motor dysfunction of the ileum. Our findings stay in
opposition to the data published by Russo et al. and Riezzo et
al. According to these authors, dyspeptic symptoms observed
in cancer patients during the course of a systemic treatment
are associated with elevated plasma concentrations of ghrelin
[24, 30]. However, our colorectal cancer patients were recruited
after completing anticancer treatment. Therefore, lower con-
centrations of ghrelin documented in individuals with colonic
malignancies might be associated with presence of persistent
inflammatory effusions around the enteric neurons; this might
result in visceral hyperactivity or dysautonomia. However,
this hypothesis needs to be verified empirically, and thus, an
in-depth research is required on this specific aspect of intes-
tinal immune response [47]. In our previously study in this
group of patients we observed dysautonomia with sympathetic
overactivity, which could disturbing gastrointestinal motility
by dysregulation release of enterohormons [48].

Classical gastrins are peptides with 17 or 34 amino acid
residues, amidated carboxy terminus and sulphated solitary
tyrosine residue. Both the sulphated and unsulphated forms
act in the same way on gastrin receptor, but differ in terms of
their circulation half-life. Gastrins serve as a growth factor for



426 A. L. ZYGULSKA, A. FURGALA, K. KRZEMIENIECKI, J. KASZUBA-ZWOINSKA, P. THOR

histamine-producing enterochromaffin-like cells, and there-
fore, indirectly contribute to hydrochloric acid secretion by
gastric cells. Non-classical gastrins, i.e. progastrin (precursor
of gastrin) and glycine-extended gastrin [20], do not stimulate
the acid secretion. These peptides can be found in all cells that
express the gastrin gene, including colonic, lung, pancreatic,
esophageal and gastric cancer cells [22, 49, 50]. Elevated blood
levels of gastrin were shown to correlate positively with pan-
creatic cancer risk [51].

Autoimmune reactions, Helicobacter pylori infection and
acid suppressing drugs may induce chronic atrophic gastritis
and resultant hypochlorhydria, which eventually results in
enhanced synthesis of gastrin. Presence of gastrin-secreting
tumors, gastrinomas, predisposes to hypergastrinemia [23, 36,
50]. Elevated level of gastrin is currently recognized as a fac-
tor involved in pathogenesis of various gastric malignancies,
among them gastric cancer [23, 29, 35]. Endogenous hyper-
gastrinemia was also shown to be associated with defects of
rectal cell proliferation, and was implicated in development
of colonic adenomas and adenocarcinomas [31, 50, 52, 53].
Early stages of colorectal carcinogenesis are associated with
activation of gastrin and gastrin/CCK-2 receptor genes within
epithelial cells [32]. Prior to anticancer surgery, colorectal
cancer patients present with significantly higher plasma levels
of gastrin than the controls, but this difference is no longer
observed two months thereafter. Interestingly, colonic tumors
show markedly higher levels of gastrin precursors (non-
classical gastrins), such as glycine-extended gastrin, than in
healthy control [33]. In our present study, patients with colonic
and rectal malignancies presented with similar, normal plasma
concentrations of gastrin (Figure 1). This might result from
previous anticancer treatment, since up to two thirds of the
study subjects underwent radical surgical resection prior to
being enrolled in this study.

Pancreatic polypeptide is secreted by PP cells of Langerhans
islets, as well as by the enteroendocrine cells of the colon and
rectum, in response to hunger and satiety signaling from the
gut-brain axis [8]. Physiological effects of PP include inhibi-
tion of gastric emptying, gallbladder motility and exocrine
secretion of the pancreas [8, 54]. As mentioned previously,
patients with metastatic GEPNETs present with markedly
elevated levels of PP. Also other conditions, such as older age,
diarrhea, abuse of laxatives, gastrointestinal inflammation and
chronic renal disease can be associated with overproduction
of PP [55]. In contrast, lower levels of this hormone were ob-
served in obese subjects [56]. To the best of our knowledge,
none of the previous studies analyzed specific changes in PP
concentrations in patients with colorectal malignancies. Our
hereby reported findings imply that individuals with colon
cancer present with significantly higher plasma levels of PP
than patients with rectal malignancies and healthy controls.

A number of previous studies demonstrated that release of
PP from the pancreas is under vagal control, and therefore,
this enterohormone may serve as a marker of vagal efferent
activity [57, 58]. However, it should be remembered that

cancer patients may differ in terms of their stress exposure
and emotional responses to oncological diagnosis and treat-
ment, and all these factors may influence their autonomic
balance. Since direct measurement of vagal efferent tone is
not possible due to rapid degradation of acetylcholine, we
used plasma concentration of PP as a surrogate marker of vis-
ceral parasympathetic activity. Previous studies showed that
patients with ulcerative colitis and Crohn’s disease present
with significantly elevated fasting plasma concentrations of
PP [59, 60]. This implies that inflammatory bowel diseases
may be associated with a shift in the autonomic balance.
Colon cancer patients with no doubt present with local in-
flammation and injuries, resulting both from the presence
of tumor and from the surgical treatment. Inflammatory
stimulus from the large intestine may substantially alter pe-
ripheral neuronal signaling within the brain-gut axis, which
eventually results in both peripheral and central sensitization.
This, in turn, is reflected by an enhanced afferent neuronal
activation [61, 62]. As shown recently, brain not only can
“detect” peripheral inflammation via afferent vagal fibers,
but may also attenuate innate immune activation due to an
integrated neural response involving massive activation of
vagal efferent fibers. This efferent arm of inflammatory reflex
is referred to as “cholinergic anti-inflammatory pathway”.
Inflammatory reflex is a key homeostatic mechanism. Both
cancer itself and anticancer surgery may produce acute or
chronic inflammation in the colon and rectum. Impaired
autonomic control or direct damage to autonomic fibers may
be additional pathophysiological mechanisms contributing
to abnormalities of PP release and dysregulation of gastro-
intestinal motility.

Most colorectal cancer patients participating in our pre-
sent study did not report any dyspeptic symptoms. The most
commonly reported ailment was epigastric bloating, present
in 63.3% of colon cancer patients and in 40% of individuals
with rectal malignancies. In turn, vomiting was of extremely
rare evidence (10% of subjects from group A and none from
group B). The most severe dyspeptic symptoms reported by
colon cancer patients included epigastric pain, bloating and
abdominal dyscomfort. Epigastric bloating was also the most
severe manifestation reported by subjects with rectal malig-
nancies, but prevalence of dyspeptic symptoms in this group
was generally very low. To the best of our knowledge, this study
is the first to document an association between the severity of
dyspeptic symptoms and the plasma concentrations of entero-
hormones in colorectal cancer patients. Fasting plasma levels
of ghrelin and motilin correlated inversely with the severity
of epigastric bloating in individuals with colonic malignan-
cies. Moreover, we found a positive correlation between the
plasma concentration of gastrin and the severity of epigastric
pain reported by patients from this group. In contrast, we did
not observe significant correlations between the plasma con-
centrations of enterohormones and the severity of dyspeptic
symptoms in patients with rectal malignancies; however, it
should be remembered that prevalence of dyspeptic symptoms
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in this group was very low. Altogether, our findings imply that
some dyspeptic symptoms present in colorectal cancer patients
may be associated with impaired release of enterohormones.

A principal limitation of this single-center study may be
its small sample size (30 patients with colon cancer and 30
subjects with rectal malignancies). Consequently, the hereby
presented findings need to be verified in a large group of
colorectal cancer patients.

Under physiological conditions, enterohormones do not
exert a significant effect on the rectal function, and this seems
to be a principal explanation for their normal levels found
in patients with malignancies located in this large intestinal
segment. Consequently, plasma concentrations of some
enterohormones may be specific for anatomical location of
primary gastrointestinal malignancy, which points to their
potential application as diagnostic markers.

Conclusion

Colon cancer patients may present with abnormal plasma
levels of enterohormones significantly more often than in-
dividuals with rectal malignancies. Dysmotility observed in
colon cancer patients may result not only from anticancer sur-
gery but also from abnormal production of enterohormones,
induced either by neoplastic process or, more likely, by changes
within the autonomic nervous system. Unfortunately, lack of
published evidence and small size of the hereby examined
sample do not allow us to draw any ultimate conclusions in
this matter.
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Supplementary Table 1
Questionnaire of dyspeptic symptoms.

Dyspeptic symptoms scale (3 months) 0O (1 |2 |3 (4 |5

1. epigastralgia

2. a painful sensation of epigastric region

3. heartburn

4. regurgitation

5. early feeling of satiety

6. feeling of food retention in stomach

7. bloating in epigastric region

8. nausea

9. vomiting

10. loss of appetite

Intensification of symptoms: O - absent, 1- incidental, 2 — seldom, 3 — often, 4 — almost
always, 5 — constant.



