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Abstract: The aim of this study was to investigate the arrangement and chemical coding of enteric nerve structures in the
human large intestine affected by cancer. Tissue samples comprising all layers of the intestinal wall were collected during
surgery form both morphologically unchanged and pathologically altered segments of the intestine (n=15), and fixed by
immersion in buffered paraformaldehyde solution. The cryostat sections were processed for double-labelling immunofluo-
rescence to study the distribution of the intramural nerve structures (visualized with antibodies against protein gene-prod-
uct 9.5) and their chemical coding using antibodies against somatostatin (SOM), substance P (SP) and calcitonin gene-relat-
ed peptide (CGRP). The microscopic observations revealed distinct morphological differences in the enteric nerve system
structure between the region adjacent to the cancer invaded area and the intact part of the intestine. In general, infiltration
of the cancer tissue resulted in the gradual (depending on the grade of invasion) first decomposition and reduction to final
partial or complete destruction and absence of the neuronal elements. A comparative analysis of immunohistochemically
labeled sections (from the unchanged and pathologically altered areas) revealed a statistically significant decrease in the
number of CGRP-positive neurons and nerve fibres in both submucous and myenteric plexuses in the transitional zone
between morphologically unchanged and cancer-invaded areas. In this zone, a decrease was also observed in the density of
SP-positive nerve fibres in all intramural plexuses. Conversely, the investigations demonstrated statistically insignificant
differences in number of SP- and SOM-positive neurons and a similar density of SOM-positive nerve fibres in the plexus-
es of the intact and pathologically changed areas. The differentiation between the potential adaptive changes in ENS or
destruction of its elements by cancer invasion should be a subject of further investigations.
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related peptide (CGRP) in nerve elements of the
enteric nervous system (ENS) supplying the human
large intestine [1,6-13]. Some studies have also
revealed profound morphological and functional
changes in the ENS associated with pathological con-
ditions of the colon [14-16]. They include alterations
in neuropeptides expression in the intramural nerve

Introduction

The literature in the field contains many papers on the
arrangement and neurochemical (immunohistochemi-
cal) properties of the enteric nerve structures in various
mammalian species including humans [1-5]. Investiga-
tions performed under physiological conditions have

demonstrated the expression of vasoactive intestinal
peptide (VIP), neuropeptide Y (NPY), pituitary adeny-
late cyclase-activating polypeptide (PACAP), somato-
statin (SOM), substance P (SP) and calcitonin gene-
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elements. Currently, no information is available on the
state of ENS during invasion of cancer in the human
large intestine. Consequently, there is also no informa-
tion on both autonomic and sensory innervation
involved in the contraction and diastole of the intestine
in the pathologically altered area. Studies performed
on laboratory animals have revealed an increase in the
density of SP- and VIP-expressing nerve fibres in the
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Table 1. List of primary antibodies and secondary reagents used in this study.

Anligen Code Species of origin Dilution Source
Primary antiscra
PGP-9.,5 13C4 MOUSe 1 in 2000 Biogenesis, UK
CGRP RPN 1842 rabbit 1 in 1600 Amersham, UK
SOM 700926 rahbit 1 1n 1000 Amersham, 1K
SOM 18050575 rat 11 50 Chemicon, TIK
SP 4047 rabbit 1 1n 600 Biomeda Corp.TJSA
Secondary antisera
FITC-comugated goat anti-mouse [pGG 1 m 400 Cappel, USA
Biolinvlated goat anti-rabbil 1gG 1 in 400 Cappel, USA
Biotlinvlated goal anti-ral 1gG 1 in 400 Cappel, USA
Streptavidin-conjugated CY 3 1 in 3000 Jackson Immun. Lab., USA

muscle membrane of the intestine and, simultaneously,
no changes have been observed in the number of SP-
and VIP-ergic enteric neurons in the course of col-
orectal carcinoma [17]. Investigations dealing with
other organs of the human alimentary tract have
demonstrated the presence of nerve fibres containing
SP in oesophagus and stomach cardia cancer tissues
[18]. It should be noted, that somatostatin analogues
are used in treatment of gastrointestinal and pancreat-
ic neuroendocrine tumors [19,20]. CGRP and SP, in
turn, are commonly considered to be markers of sen-
sory nerve elements, and are also thought to play an
essential role in pathogenesis of inflammatory
processes [21-23].

Therefore, the present study was aimed at deter-
mining the potential plasticity of ENS elements
expressing immunoreactivity to SOM, CGRP and SP
in the human sigmoid colon and rectum affected by
carcinoma. The results obtained from the pathological-
ly altered areas were compared with those obtained
from the morphologically unchanged parts of the
intestines.

Materials and methods

Tissue samples. The material to be examined originated from
patients following surgery for carcinoma of the sigmoid colon and
rectum at the Deparment of Oncological Surgery, Hospital of the
Ministry of Interior Affairs and Administration in Olsztyn (Bioeth-
ical Commission permit No. 107/2004/1I, Warmia and Mazury
District Medical Association, Poland). The material was collected
during surgery, i.e. resection of the anterior sigmoid colon and
anterior amputation of the rectum, from patients in good general
state, without any other significant diseases. An assumption was
made in the study that the patients involved were free of such
symptoms as: intestinal obstruction or sub-obstruction, constipa-
tion and inflammatory states of intestines. Patients after neoadju-
vant radiotherapy were also excluded. In the period from July 2004
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till June 2005, samples of material were collected from fifteen
patients (nine women and six men). The mean age of the patients
was 63.0 years (range: 41-78 years). From the dissected section of
the intestine, two small specimens of its whole wall (ca. 2 — 1 cm
in size) were collected. One specimen was collected from the seg-
ment of the intestine infiltrated with neoplasmic lesion, while the
other was collected from the macroscopically-intact intestine, at
least 5 cm away from the tumour.

Immunohistochemistry. For immunohistochemical analyses, the
collected specimens (control and pathological) of the intestinal
wall were fixed for 2 hours in 4% buffered (pH 7.4) paraformalde-
hyde, then rinsed in a phosphate buffer (pH 7.4) for 24 hours and
transferred to and stored in 18% buffered (pH 7.4) sucrose solution
until further processing. Ten wm-thick cryostat sections of the tis-
sue samples were processed for double-labeling immunofluores-
cence (according to an earlier described method) [24] to study the
distribution of the intramural nerve structures (visualized with anti-
bodies against protein gene-product 9.5; PGP 9.5) and their chem-
ical coding using antibodies (listed in Table 1) against SOM, SP
and CGRP. Thus, each mixture of primary antibodies applied con-
tained antibodies against PGP 9.5 (to easily recognize the enteric
nerve structures) and those against one of the biologically active
substances mentioned.

The labelled sections were viewed under a Zeiss Axiophot
microscope equipped with epi-fluorescence and an appropriate fil-
ter set for fluorescein isothiocyanate (FITC; B block) and Cy3 (G1
block). They were also investigated and images were recorded with
Bio-Rad MR/2A confocal laser scanning microscope. Standard
controls, i.e. preabsorption for the neuropeptide antisera (20 pug of
appropriate antigen per 1 ml of corresponding antibody at working
dilution; all antigens purchased from Bachem, Sigma or Dianova),
and omission and replacement of all primary antisera by non-
immune sera were applied to test antibody and method specificity.

To determine percentages of particular neuronal populations, at
least 400 of PGP 9.5-positive neuronal profiles investigated for the
expression of one of the biologically active substances were count-
ed in each gangionated intestinal plexus (myenteric, and inner and
outer submucosal) in every patient. As regards the cancer-invaded
area, the analyses concerned intramural nerve elements found in
the transitional zone between the morphologically unchanged and
pathologically altered regions, where the structure of the intramu-
ral plexuses was relatively well preserved. The sections stained for
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Table 2. Percentage of CGRP, SP and SOM-ergic neurons present in submucous plexus in control and pathological sections.

Control sections Pathological sections
Mean percentage Standard deviation Mean percentage Standard deviation Tevel of statistical significance
of neurons m % of neurons m % at p<0.05
CGRP 453 16.0 296 17.0 0.012
SP 385 10.0 306 10.5 0.034
SOM 306 10.3 236 9.7 0.069

Table 3. Percentage of CGRP, SP and SOM-ergic neurons present in the myenteric plexus in control and pathological sections

Control sections Pathological sections
Mean percentage Standard deviation Mean percentage Standard deviation Tevel of statistical significance
ol neurons in % ol neurons in % al p=0.03
CGRP 421 143 310 122 0.047
sp 37.0 8.9 36.2 12.8 0.778
SOM 348 10.1 268 10.8 0.061

the same combination of the antigens assigned to quantitative
investigations were separated by at least 100 pm to avoid double-
analysis of neuronal somata. All results are expressed as means
1+S.E.M. Simultaneously, the same preparations were analyzed for
nerve fibres. The estimated number of fibres was scored as fol-
lows: (0) — a lack of fibres, (+) — a low density of nerve fibres, (++)
— a medium density of nerve fibres, and (+++) — a high density of
nerve fibres.

Statistical analysis. The non-parametric U Mann-Whitney test
was used to analyze percentage variability in the concentration of
neurons, whereas the -Kendall rank coefficient — to evaluate
changes in the density of nerve fibres [25,26].

Results

Immunostainings against PGP 9.5 revealed three well
developed ganglionated plexuses in the wall of the
intact human large intestine (Figs. 1,3,5). They includ-
ed the myenteric (Auersbach's) plexus located between
the longitudinal and circular muscle layers of the intes-
tinal muscle coat, and two submucosal plexuses, inner
(Meissner's) and outer (Schabadasch's), found between
the muscularis mucosa and lamina propria and in the
submucosa, respectively. The microscopic observa-
tions revealed distinct morphological differences in
ENS structure between the region adjacent to the can-
cer invasion and the intact part of the intestine. In gen-
eral, infiltration of the cancerous tissue resulted in the
gradual (depending on the grade of the invasion) first
decomposition and reduction to final partial or com-
plete destruction and absence of the neuronal ele-
ments.

Double-labelling immunohistochemistry revealed
the presence of many neurons expressing immunore-
activity to SOM, SP and CGRP in both submucosal
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plexuses (30.6, 38.5 and 45.3%, respectively) and in
the myenteric plexus (34.8, 37 and 42.1) in the intact
region of the large intestine (Tables 2, 3). Nerve fibres
immunoreactive to all the substances investigated
were also found in particular layers of the intestinal
wall (Figs. 1,3,5). In general those immunoreactive to
SP and CGRP slightly outnumbered those stained for
SOM.

The most remarkable difference in the chemical
coding of the enteric neurons between the unchanged
and pathologically changed parts of the intestine
included a very decreased number of CGRP-positive
nerve cells in both submucosal and myenteric
plexuses (down to approx. 29.6% and 31%, respec-
tively; Tables 2,3) of the cancer infiltrated region.
The percentages of the neurons stained for the
remaining substances in the submucosal plexuses as
well as the chemical coding of the nerve cells in the
myenteric plexus were comparable (differences sta-
tistically insignificant) in both regions of the intes-
tine. There were also no clear-cut differences in the
distribution of the intramural nerve fibre populations
expressing immunoreactivity to SOM SP and CGRP
between the intact and cancer affected parts if the
intestine. However, their density varied significantly
(Figs. 7,8). In general, a distinct decrease in the
number of SP- and CGRP-, and a slight decrease in
the number of SOM-positive fibres was found in the
submucosal plexuses from the pathologically
changed region. In the myenteric plexus of this area,
the density of SP- and, especially CGRP-positive
fibres was distinctly lower, while the density of
SOM-immunoreactive fibres was assessed to be only
slightly reduced.
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Discussion

The present study has revealed that the morphology
and chemical coding of intramural nerve structures in
the region of the human large intestine affected by can-
cer markedly differ from those found in the neighbor-
ing, intact areas. As expected, infiltration of the cancer
tissue resulted in the gradual (depending on the grade
of invasion) first decomposition and reduction to final
partial or complete destruction and absence of the neu-
ronal elements in the wall of the invaded region of the
intestine.

Immunohistochemical studies have demonstrated
the expression of CGRP in neurons and nerve fibres in
the submucous and myenteric plexuses in the human
small intestine [12] as well as in the small and large
intestine of guinea pig and pig [27-31]. Immunohisto-
chemical colocalization investigations have revealed
that in the submucous plexuses, CGRP is expressed by
local sensory neurons or cholinergic secretomotor neu-
rons. It was also shown that in the myenteric plexus,
some cholinergic secreto-motor neurons and choliner-
gic interneurons exhibited immunoreactivity for this
peptide [29,31]. Moreover, nerve fibres of the CGRP-
ergic neurons were found around blood vessels of the
submucous tissue [32]. Publications addressing the
problem of variability of CGRP-ergic component of
innervation of the human large intestine invaded by
cancer are lacking and there have been no similar stud-
ies conducted on animals.

For this reason, an analysis of studies conducted to
date on the variability of intestinal innervation in other
diseases than cancer might prove to be useful in the
interpretation of the present results. In acute colitis
experimentally induced in laboratory animals, an early
decrease in the density of CGRP-positive nerve fibres
and an early decrease in CGRP tissue concentration in
all layers of the intestinal wall have been found. After
this early decrease, there occurred a successive
increase in the number of CGRP-positive neurons and
nerve fibres, and return of these neural parameters to
the primary levels [21-23].

In the experimental study, time and dynamics of a
disease could be estimated, but in the neoplasmic
process the time span from the beginning of the
process could not be precisely determined. In the pres-
ent study, analyses demonstrated a statistically signifi-
cant decrease in the number of CGRP-positive neurons
and nerve fibres in both submucous and myenteric
plexuses of the cancer affected intestine. The decline
in CGRP-expressing component of the enteric inner-
vation found in this study could be due to the perma-
nent and strong stimulation of the sensory innervation
of the affected part of the colon. Acceptance of such an
assertion would allow the presumption that patients
could suffer pain evoked by lesions in the colon during
cancer invasion in the intestinal wall.
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The presence of SP-positive neurons and nerve
fibres has been found in the submucous plexus of the
human small and large intestine [1,9,10]. Immunohis-
tochemical colocalization investigations have revealed
that SP-positive enteric neurons innervating guinea pig
and pig intestines belong to the population of local
sensory and cholinergic secreto-motor nerve cells. In
the myenteric plexus, neurons expressing SP have
been found to belong to a class of sensory and cholin-
ergic interneurons, and also cholinergic secreto-motor
neurons [27-30,33-35]. SP has been found to stimulate
the muscular memmbrane of the intestine, thus induc-
ing its contraction by the direct mechanism of action
and by indirect mechanism consisting in the stimula-
tion of cholinergic neurons [3,36]. Apart from the
above-presented effect of SP on the contractility of the
muscular memmbrane of the intestinal wall, this neu-
ropeptide, by presence in sensory neurons, also
enhances secretion of mucous membrane glands in the
large intestine and affects blood flow in the intestinal
wall [10,32,37]. The available literature contains no
information on the plasticity of the enteric SP-positive
nerve system in human colorectal carcinoma. The
presence of SP-positive fibres in cancer infiltration
was also detected in others organs of the alimentary
tract such as oesophagus and stomach cardia carcino-
ma [18]. In experimental study of colorectal cancer in
animals, an increase in the density of SP-positive
nerve fibres was observed in the muscular layer of the
intestine affected by the disease [17]. In non-cancerous
pathological states of the large intestine, e.g. colonic
diverticulosis, and also in habitual constipation, no
changes have been found in the number of SP-positive
neurons or nerve fibres of the intestinal wall [38,39].
Analyses conducted in ulcerating colitis demonstrated
an increase in the number of SP-positive neurons in the
myenteric plexus an increase in the density of SP-pos-
itive nerve fibres in particular layers of the intestinal
wall [40,41]. Reports describing the plasticity of SP-
positive innervation in the inflammatory states of
intestine indicate that such changes proceed in the
active phase of the disease, which might confirm that
SP, considered as a mediator of the inflammatory
process, may actually be one of the pro-inflammatory
factors. This may be indicated by an increase in SP tis-
sue content of the intestinal wall, which may induce
neurogenic inflammation by, among others, dilatation
of blood vessels, mast cell degranulation and release of
histamine from the mucous membrane [23]. In the
present study, a statistically insignificant decrease was
observed in the number of SP-positive neurons in the
submucous plexuses of the pathologically changed as
compared to the unchanged part of the intestine. The
number of neurons in the myenteric plexus was simi-
lar in both of these areas. In contrast, a decrease was
observed in the density of SP-positive nerve fibres in
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PGP/SP

Fig. 1. The inner submucosal plexus
(IMSP) in a section from the intact part of
the intestine. Fluorescent microscope
(FM) image showing neurons expressing
PGP-9.5 (1b) and SP (1c).The images
were superimposed (1a), double-labeled
(PGP-9.5 and SP-positive) neurons are
yellow. The SP-positive neuron (arrow)
and nerve fibres (spearheads) around SP-
negative neuron are visible. Bar=60 um.

PGP/SP

Fig. 2. The IMSP in a section from the
cancer affected part of the intestine. FM
image showing the distribution of neurons
expressing PGP-9.5 (2b) and SP (2¢). The
images were superimposed (2a), double-
labeled (PGP-9.5 and SP-positive) neu-
rons are yellow. SP-positive neurons
(arrows) and nerve fibres (spearheads) are
visible. Bar=60 wm.

Fig. 3. The myenteric plexus (MP) in a
section from the intact part of the intes-
tine. Confocal laser scaning microscope
(CLSM) image showing the distribution
of neurons expressing PGP-9.5 (3b) and
SOM (3c). The images were superim-
posed (3a), double- labeled (PGP-9.5 and
SOM-positive) neurons are yellow. Neu-
rons (arrows) and nerve fibres (spear-
heads) form the normal structure of MP.
Bar=60 wm.
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Fig. 4. The MP in a section from the can-
cer affected part of the intestine. CLSM
image showing the distribution of neurons
expressing PGP-9.5 (4b) and SOM (4c).
The images were superimposed (4a), dou-
ble-labeled (PGP-9.5 and SOM-positive)
neuron is yellow. This plexus was almost
totally destroyed and thus very small num-
bers of nerve fibres could be encountered
there. Bar=60 um.

Fig. 5. The MP in a control section. CLSM
image showing neurons expressing PGP-
9.5 (5b) and CGRP (5¢). These images
were superimposed (5a), double labelled
(PGP-9.5 and CGRP -positive) neurons
are yellow. The normal structure of the
myenteric plexus is visible. Almost all
neurons (arrows) and majority of nerve
fibres (spearheads) are CGRP -positive.
Bar=60 pm.

Fig. 6. The MP in a pathological section.
CLSM image showing the distribution of
neurons expressing PGP-9.5 (6b) and
CGRP (6¢). These images were superim-
posed (6a), double labelled (PGP-9.5 and
CGRP -positive) neurons are yellow. The
presented plexus has smaller size than in
control sections. This were usually
observed features of myenteric plexuses
located close to tissue of cancer invasion.
All neurons (arrows) are very small and
nerve fibres (spearheads) are in very low
density in this plexus. Part of neurons are
CGRP -positive. Bar=60 um.
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all plexuses of the intestinal wall in the cancer affect-
ed region. The statistically insignificant decrease in the
number of SP-positive neurons in the submucous
pelxuses and the decrease in density of the SP-positive
nerve fibres demonstrated in the neoplasmic infiltra-
tion analyzed are likely to be explained by strong stim-
ulation of the SP-expressing afferent nerves by the
cancer tissue damaging the intestinal walls. The
observed decline in the SP-positive innervation in the
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control and pathological sections.

submucous tissue may result in diminished intestinal
secretion determined by the SP-ergic secreto-motoric
innervation. The fact that SP is located in the secreto-
motor neurons of the myenteric plexus and that it
induces contraction of intestinal muscles, as well as a
compilation of this information with the demonstrated
lack of changes in the number of SP-ergic neurons of
the myenteric plexus in the pathologically changed
areas, are likely to indicate the preserved contractive
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function of the intestine determined by the SP-ergic
innervation. The changes observed in this study, which
consist of the diminished density of the SP-ergic nerve
fibres in all layers of the intestine, are similar to late
changes taking place during the destruction of a pig
intestinal wall infected by the parasite Schistosoma
Jjaponicum [42].

The presence of the SOM-ergic neurons was con-
firmed in plexuses of all layers of the human small and
large intestine [11,13], as well as in the small and large
intestine of the guinea pig and in the small intestine of
the pig [29,30]. Immunohistochemical colocalization
studies have revealed that these neurons belong to the
population of cholinergic secreto-motor neurons. In
the myenteric plexus, they were classified as cholinergic
secreto-motor and also, secreto-motor as well as cholin-
ergic and noncholinergic interneurons [29,31,43]. As
revealed by physiological studies, SOM is a neurotrans-
mitter inhibiting intestinal muscle tonus [2].

In references published to date, there is no infor-
mation on the plasticity of SOM-ergic innervation in
the course of colorectal carcinoma in humans. Similar
studies are also lacking in animals. Sparse reports are
also available on the problem of the plasticity of SOM-
ergic innervations in other pathologies of the intestines
in both humans and animals. For this reason, referring
the results obtained in this study to other findings relat-
ed to this problem is obviously difficult. The present
study demonstrated a statistically insignificant
decrease in the number of neurons in the submucous
and myenteric plexuses of the cancer affected as com-
pared to the intact intestinal region. No changes were
observed in turn in the density of SOM-positive nerve
fibres in these plexuses of both intestinal segments
examined.

In compiling the present results with the recognized
role of SOM in the inhibition of the intestinal muscle
tonus, it may be speculated that the statistically
insignificant changes in SOM-ergic innervation of the
large intestine proceeding in neoplasmic invasion may
result from the increased tonus of the affected part of
the intestine. Likewise, a decreased number of SOM-
positive neurons in the submucous plexusr observed in
the cancer affected area, due to their secreto-motor
function, is likely to result in the inhibition of the
intestinal secretion.

The present study has revealed distinct changes in
the arrangement and chemical coding of intramural
neural components in the region of the colonic wall
adjacent to cancer invasion. The differentiation
between the potential adaptive changes in ENS or
destruction of its elements by cancer invasion should
be a subject of further investigations.
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