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Abstract

Motility disorders of the upper gastrointestinal tract
encompass a wide range of different diseases. Esopha-
geal achalasia and functional dyspepsia are represen-
tative disorders of impaired motility of the esophagus
and stomach, respectively. In spite of their variable
prevalence, what both diseases have in common is
poor knowledge of their etiology and pathophysiology.
There is some evidence showing that there is a genetic
predisposition towards these diseases, especially for
achalasia. Many authors have investigated the possible
genes involved, stressing the autoimmune or the neuro-
logical hypothesis, but there is very little data available.
Similarly, studies supporting a post-infective etiology,
based on an altered immune response in susceptible
individuals, need to be validated. Further association
studies can help to explain this complex picture and
find new therapeutic targets. The aim of this review is
to summarize current knowledge of genetics in motility
disorders of the upper gastrointestinal tract, addressing
how genetics contributes to the development of achala-
sia and functional dyspepsia respectively.
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Core tip: Achalasia, functional dyspepsia and hypertro-
phic pyloric stenosis represent the main motility disor-
ders of upper gastrointestinal tract. All these diseases
have a less known pathophysiology and a presumable
genetic predisposition in common. This review outlines
the current knowledge on genes involved in the onset
of these pathologies in order to promote further asso-
ciation studies which can help to explain this complex
picture and find new therapeutic targets.

Sarnelli G, D’Alessandro A, Pesce M, Palumbo I, Cuomo R.
Genetic contribution to motility disorders of the upper gas-
trointestinal tract. World J Gastrointest Pathophysiol 2013; 4(4):
65-73 Available from: URL: http://www.wjgnet.com/2150-5330/
full/v4/i4/65.htm DOTI: http://dx.doi.org/10.4291/wjgp.v4.i4.65

INTRODUCTION

Digestive motility is a highly coordinated process which
enables mixing, absorption and propulsion of the in-
gesta through the gastrointestinal tract up to expulsion
of residues. This function depends on a finely balanced
integration between smooth muscle contractility and
the related pacemaker activity evoked by the interstitial
cells of Cajal (ICCs) that are finely regulated by intrinsic
and extrinsic innervations [ie., enteric nervous system
(ENS) and sympathetic and parasympathetic nerves,
respectively] A disturbed digestive motility can occur
as a result of a variety of abnormalities affecting each
of these elements (alone or in combination), with conse-
quent altered physiology of gut peristalsis and symptom
generation.

November 15, 2013 | Volume 4 | Issue4 |
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Figure 1 Supposed pathophysiology of achalasia: triggering external fac-
tors are able to induce a loss of inhibitor neurons in individuals genetically
predisposed, causing an impaired lower esophageal sphincter relaxation.

The symptom complex is site specific and depends
on the gastrointestinal tract involved. Thus, patients with
disturbed esophageal motility may complain of dysphagia,
regurgitation or chest pain, whereas patients with gastric
dysmotility may report symptoms of nausea, vomit-
ing, postprandial fullness, eatly satiety or epigastric pain.
Esophageal achalasia and functional dyspepsia ate the
most representative motility disorders of the upper gas-
trointestinal (GI) tract, with the first rare and well charac-
terized and the latter highly prevalent and less defined.

Like the majority of functional gastrointestinal disot-
ders (FGIDs), they ate characterized by the persistence of
symptoms in the absence of reliable biological markers.
As for other complex diseases, the pathophysiology of
impaired upper GI tract motility diseases is supposed to
be multifactorial, with triggering external factors that are
able to generate the gastrointestinal dysfunction in indi-
viduals who are more or less genetically predisposed (Fig-
ure 1). The idea that an individual genotype may conttib-
ute to the development of FGIDs is suggested by clinical
observations and prospective studies indicating that there
is clustering of FGIDs within families™ and an increased
concordance in monozygotic twins” . The most com-
monly used approach in functional dyspepsia (FD) to date
has been to search for correlations of a candidate gene
polymorphism with the symptom based phenotype. More
recently, a few studies have aimed to identify correlations
between gene polymorphism and biological intermediate
phenotypes, such as impaired motility.

In this review, we summarize the current knowledge
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on the genetic contribution to upper GI motor disor-
ders. We evaluate the most recent literature on the ge-
netic epidemiology of representative motility disorders
of the upper GI tract (UGT). We describe the putative
genetic contributions that have been addressed and the
potential association with single mechanisms, such as
receptors, transporters and translation, or transduction
mechanisms involved in the disturbed motility of the
esophagus, stomach and pylorus, respectively impaired
in esophageal achalasia, functional dyspepsia and hy-
pertrophic pyloric stenosis. Each of the diseases can be
considered paradigmatic because of the following: (1)
hypertrophic pyloric stenosis (HPS) is characteristic of
infants and there is significant evidence about the role
of genetic factors; (2) isolated idiopathic achalasia can be
considered the prototype of defective esophageal motil-
ity in adults and the role of genetic factors is emerging
as a major challenge to explain the disease; and (3) func-
tional dyspepsia cannot be paradigmatically considered a
primary gastric motor disorder, but is characterized by a
significant association between impaired gastric motility
and symptoms to which genetic factors contribute.

IMPAIRED MOTILITY OF THE ESOPHAGUS

Achalasia

Idiopathic achalasia is the best recognized primary mo-
tor disorder of the esophagus. It is characterized by
incomplete relaxation of the lower esophageal sphincter
(LOS) and absence of peristalsis that causes bolus im-
paction and generation of symptoms like dysphagia, re-
gurgitation and chest pain[gl. Although the pathogenesis
of achalasia is still largely unknown, it is now clear that
a major issue is the loss of neurons in the esophageal
myenteric plexus. We know that neurons gradually dis-
appear in the lower part of the esophagus of achalasia
patients. In most cases, this process is the result of a

localized infiltration of immune cells, determining an
9,1

inflammatory-based neurodegeneration Y. Interest-
ingly, this process is prevalent for inhibitory neurons
containing nitric oxide (NO) and vasoactive intestinal
polypeptides (VIP) and accounts for the loss of inhibi-
tory inputs, with consequent abnormal esophageal func-
tion" ™, Notwithstanding this histological background,
we do not know the precise pathogenic mechanism of
achalasia; consequently, hereditary, degenerative, autoim-
mune and infectious factors have all been claimed to be
possible causes of the disease.

A certain degree of genetic influence in achalasia is
suggested by the familial occurrence and twin concor-
dance. However, a systematic analysis of the literature
revealed that twin concordance was significant but still
inconclusive!”. On the other hand, the only family study
of achalasia conducted to date is biased by the small
sample size and because the diagnosis of achalasia was
based on a self-reported questionnairem]. In addition,
achalasia may present as part of a genetic syndrome or
in association with isolated abnormalities or diseases'”

November 15, 2013 | Volume 4 | Issue4 |



Table 1 Overview of genetic association studies in achalasia

Protein (gene) Polymorphism Finding Ref.
PTPN22 C1858T Risk factor [28]
IL-10 GCC Protective [29]
IL-23R G381A Protective [30]
iNOS iNOS22*A/ A No association [35]
eNOS eNOS*4°4° No association [35]
iNOS (CCTTT) n>12 Risk factor [36]
cKit Rs6554199 Risk factor [37]
VIPR type 1 Rs437876 and rs896 Risk factor [38]

iNOS: Inducible nitric oxide synthase; IL: Interleukin; PTPN22: Polymor-
phism C1858T of phosphatase N22.

An achalasia phenotype is indeed present in well char-
acterized genetic syndromes, like Down' and Allgrove
syndromes'”] the familial visceral neuropathy“g] and the
achalasia microcephaly syndrome!"”. In many of the
above mentioned syndromes, achalasia does occur in the
majority of the patients, but it generally presents in in-
fancy.

Although these findings indicate that genetic factors
are involved in the development of an achalasia pheno-
type, they do not provide insights into the pathogenesis
of the sporadic form of achalasia, which affects the
vast majority of patients and presents with adult-onset
achalasia. As for other complex diseases, it is likely that
the etiology of this form of achalasia is multifactorial,
i.e.,, a combination of the cumulative effect of variants in
various risk genes and environmental factors leads to the
disorder. The idea of an infectious origin of achalasia
was first suggested by the evidence of viruses or signs
of viral infection in the esophageal tissues of achalasia
patientsmzz], but the possibility that the presence of vi-
ruses could be sufficient per se to explain the disease was
ruled out by other observations™. More recently, the
concept that achalasia could be the result of an immune
mediated inflammatory disorder induced by a virus has
been strongly repurposedm]. Facco ¢f a/*" demonstrated
that HSV-1 or HSV-like antigens were responsible for a
significant activation of CD3"T cells infiltrating the LES
in achalasia patients, likely resulting in an immune-medi-
ated destruction of the myenteric neurons of the LOS.
The reasons whereby this process occurs only in esopha-
geal tissues of achalasia patients are unknown, but it is
reasonable to assume that some genetic influence may
affect the disease phenotype, making some individuals
more susceptible to the disease. In addition and most
interestingly, several evidences strongly support the idea
that genes encoding for proteins involved in the immune
response are likely candidates in achalasia.

A significant association between HLA DR or DQ,
especially DQA1 *0103 and DQB1 *0603, and achalasia
has been indeed described™?". The increased risk for
the development of achalasia in individuals with spe-
cific polymorphisms of genes involved in the immune
response was also supported by the finding that the
polymorphism C1858T of phosphatase N22 (PTPN22
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gene, chromosome 1), which is a down-regulator of
T-cell activation, is significantly associated with achalasia
in Spanish women". The same researchers have also
demonstrated that the GCC haplotype of IL-70 gene
promoter is a protective factor for achalasia. This spe-
cific polymorphism enhances the release of 1L-10, an
anti-inflammatory cytokine, resulting in a downregula-
tion of immune responsem]. In a similar manner, a single
nucleotide polymorphism (SNP) of the IL 23 receptor
(G381A), which regulates T' cell differentiation, appears
to be protective against achalasia. De Le6n et al™ te-
ported that the coding variant 381Gln of II.-23R was
significantly more common in patients with achalasia
compared with healthy controls.

This evidence sustains the role of both genetic pre-
disposition and immune alteration in the pathogenesis of
idiopathic achalasia. All data are summarized in Table 1.

Contribution of genes with a dual effect on motility and
immunity

A disturbed inhibitory neurotransmission is a trademark
of achalasia". In keeping with this, several studies have
addressed the role of NO and VIP that are involved
in both defense against infections and inhibitory neu-
rotransmission and may represent ideal candidates to
explain the spread of inflammation and inhibitory nerve
degeneration!>">"*"%,

Nitric oxide is produced by three different forms
of NO synthases: neuronal (nINOS), inducible (iNOS)
and endothelial (eNOS). As NO production is geneti-
cally regulated, Mearin e# al’ firstly investigated whether
SNP in the different NOS genes were respectively in-
volved in the susceptibility to suffer from achalasia. Al-
though a trend toward a higher prevalence of genotypes
iINOS227*A/A and eNOS*4a4a in patients than in con-
trols was observed, the authors failed to find a signifi-
cant association between NOS gene polymorphisms and
susceptibility to achalasia. Although the simplest conclu-
sion was that NO is not involved in the pathogenesis of
achalasia, this study is biased by the small sample size
and by the fact that the SNPs analyzed do not play a ma-
jor role in gene expression. The lack of any association
between the same SNP in the iNOS was also confirmed
by a Spanish group in a larger population of achalasia
patients, further suggesting that these specific polymor-
phisms play a minor role in the functional expression
of the iINOS genem. More recently, our group showed
a significant association between the pentanucleotide
(CCTTT) polymorphism in the /INOS gene promoter
and achalasia. Since 7z vitro data showed that the iNOS
promoter activity increases in parallel with the repeat
number of (CCTTT)n, we concluded that individuals
carrying longer forms have an increased risk of achalasia
by higher nitric oxide production.

Moreover, growing evidence suggests that esophageal
interstitial cells of Cajal, a group of specialized cells that
constitutively expresses c-kit and contribute to nitrergic
neurotransmission, may be involved in the pathogenesis
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of achalasia. Alahdab ez /" have indeed shown that the
rs6554199, but not rs2237025, c-kit polymorphism is
significantly prevalent in achalasia patients in a Turkish
population. Importantly, alterations in ICC have already
been reported in other congenital diseases with abnor-
mal peristalsis, emphasizing the key role of these cells in
the regulation of GI motor function.

The implication of VIP in the pathogenesis of
achalasia was also recently reportedm. Two different
SNPs, rs437876 and 15896, in the VIP-receptor type 1
gene were found to be significantly associated with the
late onset achalasia. Interestingly, the authors suggest
that this was probably related to a genetically based ab-
normal VIP-R1 signaling that may protect individuals
carrying the specific genotype by delaying the immune-
mediated neurodegeneration. Although these data need
to be replicated, they are extremely interesting because
they may suggest that early and late onset forms of

idiopathic achalasia are genetically distinct disorders®

(Table 1).

IMPAIRED MOTILITY OF THE STOMACH
FD

FD is defined by the presence of persistent symptoms in
the upper part of the abdomen in the absence of organ-
ic or metabolic pathologym. On the basis of the Rome
I criteria, patients who suffer from functional dyspepsia
in the absence of any organic disease are categorized as
having postprandial distress syndrome or epigastric pain

In spite of this, the pathogenesis of FD is still largely
unknown and, although delayed gastric emptying, im-
paired gastric accommodation and visceral hypersensi-
tivity have been all claimed as major underlying mecha-
nisms, it is supposed to be a multifactorial disease”

The classic assumption in studies addressing the as-
sociation between genetic factors and a single or a clus-
ter of diseases postulates that a specific functional gene
polymorphism that results in altered protein function
may play a role in disease pathophysiologyw. This para-
digm that implies a clear correlation between impaired
physiological function and symptom generation, how-
ever, cannot be applied to FD whose pathophysiology
1s complex and not necessarily associated with specific
symptoms. Since functional dyspepsia is one of the most
prevalent FGIDs, a certain genetic influence is suggested
by both symptom familial clustering and twin studies
reported for FD and IBS™. So far, most of the studies
conducted were designed to search for correlations of a
candidate gene polymorphism with the symptom-based
phenotype of FD. The candidate genes that have been
studied for possible associations with functional dyspep-
sia are summarized in Table 1.

In a subset of dyspepsia patients, Helicobacter pylori
(H. pylori) infection, even in the absence of ulceration or
erosion in gastroduodenal mucosa, has been proposed
to play a role in generation of symptoms. A Japanese
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group found an association between TLR-2 -196 to -174
allele with a lower risk for developing FD in Helico-
bacter pylori positive subjects. Since the same group had
previously demonstrated that the TLR-2 -196 to -174
increases the severity of H. pylori-induced inflammation,
it is reasonable to hypothesize that the TLR-2 genotype
influences the onset of dyspeptic symptoms modulating
the degree of inflammatory response

Serotonin (5-HT) is a key signaling molecule affect-
ing upper GI motor and sensory functions™ and thus
genes of the serotonergic system are critical candidates
in assessing the role of genetic determinants in FD. The
action of 5-HT is terminated by the 5-HT transporter
(serotonin transporter, SERT) mediated uptake, thereby
determining 5-HT availability at the receptor level. A sin-
gle nucleotide insertion/deletion in the SERT gene, by
creating a long (L) and short (S) allelic variant, results in
reduced SERT expression and 5-HT uptakew. Although
the SS genotype of the SERT promoter polymorphism
has been reported to be associated with diarrhea-pre-
dominant irritable bowel syndrome (IBS), two different
studies from the United States™ and Europew’] failed to
find any significant association between such polymor-
phisms and FD. Similatly, association studies between
SNPs of the 5-HT3, 5-HT1A and 5-HT2A receptors
in FD patients failed to yield significant association ™",
Although both studies were conducted on small popula-
tions of patients, the results suggest that the serotonin-
ergic pathway plays a minor role in the pathophysiology
of, at least in part, in the generation of dyspeptic symp-
toms.

Another genetic association reported in functional
dyspepsia is the link to GNB3"*". G-proteins mediate the
response to the release of 5-HT and several other neu-
rotransmitters modulating gastroduodenal sensory and
motor function.

A common polymorphism of GNf3 gene has been
described and is associated with different genotypes that
are predictive of an enhanced G-protein activation. A
significant association between different GN3 poly-
morphisms and both uninvestigated and investigated
dyspepsia has been reported in different studies from
the United States"”, Europe[%’m and Asia™®*, Although
the sample sizes remain relatively small in all of these
studies, which may account for some of the variability in
the associations detected, it is of note that the different
classifications of dyspepsia also contribute to the diverse
distribution of polymorphisms. In fact, while homozy-
gous GNB3 825T allele was found to influence the sus-
ceptibility to EPS-like dyspepsia in a Japanese population
of dyspepticsm], in a report from the United States, the
same polymorphism was associated with postprandial
dyspeptic symptoms and lower fasting gastric volumes*”.
Other studies failed to identify single genetic factors as
a predominant factor in the pathogenesis of functional
dyspepsia and symptom generation. As sympathetic ad-
renergic dysfunctions may affect both gastric sensitivity,
Camilleri ¢z a/* analyzed the role of presynaptic inhibi-
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Table 2 Overview of genetic association studies in functional

dyspepsia

Protein (gene) Polymorphism Finding Ref.
TLR-2 (192-174)del Protective for [43]
Helicobacter pylori-
infected patients
SERT SS variant No association [45]
5-HT1A -Prol6Leu No association [46,47]
5-HT2A -1438 G/ A No association [46,47]
HTR3A C178T No association [46,47]
GNB3 C825T Risk factor [48-50]
CT and TT carriers
GNB3 C825T Risk factor for PDS  [48-50]
CC and TT carriers
GNB3 C825T Risk factor [48-50]
CC carriers
GNB3 C825T Risk factor for EPS [50]
TT carriers
Presynaptic inhibitory -1291 C>G (a2A) and ~ No association [46]
o2A and a2C adreno-  -del 1322-325 (a2A)
ceptor
Fatty acid amide C385A No association [51]
hydrolase
TRPV1 G315C Risk factor [52]
Na (V) 1.8 SCN10A Protective [53]
3218CC

PDS: Post discharge surveillance; EPS: Encapsulating peritoneal sclerosis;
TLR: Toll-like receptor; TRPV: Transient receptor potential vanilloid.

tory a2A and a2B adrenoceptors polymorphism, but
they failed to find any significant association with dys-
pepsia symptoms. The same group also failed to find any
significant association between the genetic variation in
the endocannabinoid metabolism (ze., a SNP in the hu-
man fatty acid amide hydrolase gene-C385A-) and both
impaired fundus accommodation and delayed gastric
emptying in a small subgroup of dyspepsia patients[soj
Conversely, in a recent report, the involvement of the
transient receptor potential vanilloid 1 (TRPV1) was
investigated in a small population of Japanese dyspeptic
patients. The authors found that in a population of 109
dyspeptics, individuals carrying the G315C polymor-
phism, known to affect the TRPI/7 gene and to alter its
protein level, were at lower risk for both epigastric pain
and postprandial distress syndrome. In addition, the au-
thors showed that dyspeptics with that specific polymor-
phism had a baseline and cold water induced symptom
severitywj. Although this finding needs to be reproduced
in different ethnic populations and validated on a large
sample, it is of note that TRPV1 pathways may be ideal
candidates as they are involved in nociception and in acid
sensitivity, with the latter being claimed to have a role
in the generation of dyspepsia symptoms. On the same
line, the same group have found a significant association
between a polymorphism of the tetrodotoxin-resistant
(TTX-r) sodium channel Na (V) 1.8, a channel expressed
by C-fibers and involved in nociception, and functional
dyspepsia. Indeed, the SCN10A 3218 CC variant, which
determines a lower activity of this Na (V)-channel, was
significantly associated with a decreased risk for the de-
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velopment of FDP (all data are summarized in Table 2).

Post-infectious dyspepsia

By summarizing what we have described above, we can
say that although it is unlikely that a single genetic fac-
tor causes FD, it is more likely that a genetic factor (or
factors) modulates the risk of developing the abnor-
malities after exposure to one or more specific environ-
mental factors™. This paradigm is well supported by
the hypothesis of a post-infectious origin of dyspepsia.
Indeed, it is now evident that in a subgroup of patients
with functional dyspepsia, acute GI infections may pre-
cipitate symptoms. Data from the literature indicate that
in presumed post-infectious dyspepsia patients there is
an increased prevalence of impaired gastric accommoda-
tion to the meal that is likely dependent on inflammato-
ry-induced impaired nitrergic innervation of the gastric
wall®, However, only one study systematically addressed
the genetic contribution to post-infectious dyspepsia
and the data presented are quite controversial since a sig-
nificant association between macrophage migration in-
hibitory factor-173C and IL17F-7488T polymorphisms
was only observed in the subgroup of patients with
symptoms suggestive of EPS-like dyspepsia[ss]. Indirect
evidence for a role of inflammatory products gene in
the genesis of FD is also suggested by a Japanese study
in which a significant association between a COX1 poly-
morphism and EPS-like symptoms was observed in a
subgroup of dyspeptic female patientsm. However, a
very recent study investigating the role of a polymor-
phism in the receptor for neuropeptide S receptor gene
(NPSR1) that is involved in inflammation, anxiety and
nociception failed to reveal any significant association

with FDP” (Table 3).

Hypertrophic pyloric stenosis
Isolated HPS is a common condition characterized by
the hypertrophy of the muscle surrounding the pylorus,
with impaired sphincter relaxation and consequent gas-
tric outlet obstruction which causes severe non-bilious
vomiting. The etiology of this disease is still largely
unknown; however, epidemiological studies indicate
that genetic factors play an important role in the patho-
physiology of this entity[ss]. Krogh et al” have shown a
200-fold increased risk of HPS in monozygotic twins
and a 20-fold increased risk among siblings of affected
children. In particular, different studies have demon-
strated a higher prevalence of HPS in offspring of an
affected mother compared with offspring of an affected
father, suggesting a major role of maternal factors; how-
ever, this evidence was not confirmed in further stud-
ies”. In addition, HPS is associated with several well-
defined genetic syndromes, sustaining the hypothesis
that genetic factors are largely involved in the pathogen-
esis of this disease™

A reduced expression of NOST was demonstrated at
the mRNA level in pyloric tissue of patients with HPS,
suggesting a pathogenic role of nNOS in this disease.
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Table 3 Overview of genetic association studies in post-

infectious dyspepsia

Table 4 Overview of genetic association studies in hypertro-
phic pyloric stenosis

Protein (gene) Polymorphism Finding Ref. Protein (gene) Chromosome Finding Ref.

MIF -173C Risk factor for EPS  [56] NOS1 12q Association  [62,63]

IL17 -7488T Risk factor for EPS  [56] MYH11-GRIN2A 16p12-p13 Association [65]

COX-1 T1676C Risk factor for EPS  [57] SLC7A5 16q24 Association [66]

NPS-R 152609234, rs6972158, and No association [58] TRPC5 and TRPC6 11q14-q22 and Xq23 Association  [67-69]
151379928

IL: Interleukin; COX-1: Cyclooxygenase-1; EPS: Encapsulating peritoneal
sclerosis; MIF: Macrophage migration inhibitory factor.

For this reason, several researchers have analyzed the
gene of NOST; however, only a Chinese group found
a linkage between HPS and NOS1a on chromosome
124", but this result was not confirmed by another
study'”. Moreover, the analysis of the complete coding
region of NOSI in patients and controls revealed no sig-
nificant difference, confirming that the impaired nNOS
function in the pylorus of these patients is not related to
a direct mutation of the gene encoding for NOS1*”,

Several studies have demonstrated a linkage between
HPS and different loci in affected patients of the same
family, but larger studies on additional families were usu-
ally unsuccessful. A Chinese group described a linkage
of a SNPs of chromosome 16 (16p12-p13) in 10 af-
fected members of the same family, but this association
was not observed in 10 additional families®”. Moreover,
the major candidate genes of this region encoding for
MYH11 and GRIN2A, proteins involved in smooth
muscle relaxation, have not shown mutations®”. In
members of the same family, Everett ¢/ a/*” found an
association with SLC7A5 (16q24), a gene which influ-
ences NO activity; howevet, they failed to confirm these
data on additional 14 families. In a genome-wide link-
age study, the same group demonstrated an association
between HPS and some loci on chromosome 11q14-g22
and Xq23, both encoding for protein involved in the
functioning of ion channels (TRPC5 and TRPCO) in 81
families with 206 affected members®”; however, a sub-
sequent Chinese study failed to replicate the association
with TRPC6'™.

Finally, a Danish group in a recent genome-wide as-
sociation study (GWAS) on 1001 individuals affected
by HPS and 2401 healthy controls demonstrated an as-
sociation between HPS and three SNPs of MBNL1 and
NKX 2-5, genes involved in the splicing and transcription
processes™, but it was the first GWAS and these results
could explain only a very small proportion of HPS cases (all
reviewed associations are summarized in Table 4).

In conclusion, hypertrophic pyloric stenosis is a mul-
tifactorial disease and both genetic and environmental
factors could contribute to the pathophysiology of this
condition. Especially for the syndromic form of HPS,
different mutations in different genes involved in dif-
ferent functions have been associated with the onset of
this disease, but we are still far from a single unifying
pathogenetic factor. Conversely, in the sporadic form of
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the disease, the contribution of the genetic background
is even more scanty and complex and no clear triggering
factors have been described yet, further sustaining the
great heterogeneity of this disease.

CONCLUSION

Several association studies have established a genetic

component in the genesis of motility disorders of the
upper gastrointestinal tract, like esophageal achalasia,
functional dyspepsia and hypertrophic pyloric stenosis.
Although candidate gene studies have identified a few
gene polymorphisms that may be correlated with these
syndromes, small sample size, lack of reproducibility in
large data sets, and the unreliability of the clinical phe-
notype represent a major limit to identify a unifying fac-
tor in the pathophysiology of these syndromes in any of
the reported polymorphisms.

Whether the genetic contribution plays a crucial
role in the generation of upper GI tract symptoms
therefore deserves further studies. More specifically, the
recruitment of large case-control samples appears to be
mandatory in order to provide a powerful tool for the
identification of risk genes, especially for diseases like
achalasia and functional dyspepsia, in which a multifac-
torial inheritance is assumed. In this direction, genome-
wide association studies will allow for the unbiased and
systematic identification of risk genes and may represent
the greatest challenge for all future studies of upper GI
tract motility disorders.
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Abstract

Patients with pancreatic adenocarcinoma (PaCa) have
a dismal prognosis. This is in part due to late diagnosis
prohibiting surgical intervention, which provides the
only curative option as PaCa are mostly chemo- and
radiation resistance. Hope is raised on a reliable non-
invasive/minimally invasive diagnosis that is still miss-
ing. Recently two diagnostic options are discussed, se-
rum MicroRNA (miRNA) and serum exosomes. Serum
miRNA can be free or vesicle-, particularly, exosomes-
enclosed. This review will provide an overview on the
current state of the diagnostic trials on free serum
miRNA and proceed with an introduction of exosomes
that use as a diagnostic tool in serum and other body
fluids has not received sufficient attention, although
serum exosome mMiRNA in combination with protein
marker expression likely will increase the diagnostic
and prognostic power. By their crosstalk with host
cells, which includes binding-initiated signal transduc-
tion, as well as reprogramming target cells via the
transfer of proteins, mMRNA and miRNA exosomes are
suggested to become a most powerful therapeutics. I
will discuss which hurdles have still to be taken as well
as the different modalities, which can be envisaged to
make therapeutic use of exosomes. PaCa are known to
most intensely crosstalk with the host as apparent by
desmoplasia and frequent paraneoplastic syndromes.
Thus, there is hope that the therapeutic application of
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exosomes brings about a major breakthrough.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Patients with pancreatic adenocarcinoma have a
dismal prognosis due to late diagnosis prohibiting surgical
intervention, which is further burdened by chemo- and
radiation resistance. Hope is raised on a minimally inva-
sive diagnosis that is still missing. Recently two diagnostic
options are discussed, serum microRNA (miRNA) and
serum exosomes. Serum MiRNA can be free or vesicle-,
particularly, exosomes-enclosed. This review presents an
overview on the current state on miRNA as a cancer di-
agnostics and discusses arguments in favor of tumor exo-
somes as a diagnostic tool that additionally could provide
a powerful therapeutic option in the near future.
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INTRODUCTION

Pancreatic adenocarcinoma (PaCa) ranks fourth in mor-
tality among cancer-related deaths. With an overall 5-year
survival rate of below 1% and a mean survival time
of 4-6 mo it is the deadliest cancer!”. There has been
considerable progress in the treatment of patients with
eatly stage PaCa. But late initial diagnosis that prohibits
resection, chemotherapy and radiation resistance and
the early metastatic spread of PaCa account for the non-
satisfactory progress in therapyp’4j. Thus, research has
focused on defining a reliable non-invasive or minimally

invasive diagnosis. So far, serum markers allowing for
a non-invasive diagnosis and follow up studies are rare.
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CA19-9 is still the most reliable diagnostic serum marker,
but should be used in conjunction with other diagnostic
tools. Additional markers are carcino-embryonic antigen
(CEA), CA125 and CA242, their specificity and particu-
larly sensitivity being below that of CA19-9"7 However,
recently, two non-invasive diagnostic tools have come
into focus. First, serum microRNA (miRNA) was re-
peatedly described to allow for differential diagnosis of
cancer, where PaCa patients’ serum miRNA might allow
differentiating between benign and malignant tumors
as well as inflammation™”. Second, tumor-derived exo-
somes are readily detected in body fluids. Their protein,
mRNA and miRNA profiles might well serve as diag-
nostic tools"). In addition, exosomes are hotly debated

as potent therapeuticsmw.

TUMOR DIAGNOSIS AND miRNA
Recovery of non-coding RNA in body fluids

A new class of small noncoding RNA known as miRNA
endogenously regulates gene expression at the posttran-
scriptional level, miRNA range in size from 19 to 25
nucleotides. They regulate translation and degradation
of mRNA through base pairing to complementary sites
mostly in the untranslated region“sl. MiR constitute only
1%-3% of the human genome, but control about 30%
of the coding genesm, most miR controlling multiple
mRNA"". miR biogenesis is a multistep process, where
a long primary transcript (pri-miR) is processed into a
70-100 nt hairpin precursor pre-miR. The pre-miR is
translocated to the cytoplasm, where it is cleaved by the
ribonuclease Dicer into a mature miR duplex, which is
incorporated into the RNA-induced silencing complex
(RISC) resulting in degradation of the duplex and bind-
ing to target mRNA by complementary base pairing at
the 3’-untranslated region[“ﬂ. Seed sequence complemen-
tarity of about 7 base pairs enables miRNA to bind the
target mRINA, which results in inhibition of translation
or a reduction in mRNA stability!"”. miRNA in the se-
rum may derive from necrosis, apoptosis' ' or be actively
released in microvesicles™. Free extracellular miRNA
1s associated with argonaute proteins (Ago) The Ago2-
miRNA complex accounts for the stability of the free
miRNAP,

In advance of discussing serum miRNA as a potential
diagnostic tool, it should be stated that data normalization
is an important factor and that due to any fluctuation, epi-
genetic factors or others, like age, gender, diurnal changes
and many more, cohort sizes should be large. Also due to
these variabilities, it is very unlikely that a set of reference
housekeeping miRNA with universal applicability can be
identified”". Furthermore, it has to be kept in mind that
most miRNA regulate more than one mRNA. Thus, in
turn, a given miRNA may be deregulated in multiple dis-
eases, including different types of cancer™,

miRNA and cancer
The increased knowledge on miRNA greatly fostered
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progress in oncology, where miRNA could be linked to
prognosis, disease progression, local recurrence and me-
tastasis®* . As summarized in a recent review" miR-
NA plays an important role in epithelial-mesenchymal
transition (EMT), maintenance of cancer stem cells as
well as tumor invasion and migration. EMT is regulated
by the mir-200 family, miR-141, miR-429 and miR-205.
The expression level of miR-200 negatively correlates
with znc finger E-box-binding homeobox (ZEB)1 and 2,
which inhibit E-cadherin expression[31]. In PaCa, down-
regulation of miR-30 correlates with EMT, targets being
vimentin and snail-1"7. Examples for the involvement
of miR in cancer stem cell (CSC) control, including
pancreatic cancer, are the tumor suppressor miR-34 that
regulates Notch and Bcl2™* and miR-21 that corre-
lates with chemoresistance’”. Instead, miR-9, regulating
E-cadherin expression, is suggested to be of major im-
portance for metastasis-associated mobility and invasive-
ness"™". miR-34a overexpression can inhibit metastasis
by regulating CD44" and miR-340 suppresses invasion
and metastasis by regulating c-Met and via c-Met MMP2
and MMP9™*.,

For PaCa Jamieson ez a/'" performed microarray
analysis on resected PaCa tissue on a cohort of 48 and
24 patients. They describe associations with lymph node
involvement, tumor grading and overall survival, where
high expression of miR-21 and low expression of miR-
34a significantly correlated with poor survival. Addition-
al studies on PaCa tissue, non-transformed pancreatic
ductal cells, CP samples and on PaCa culture lines by ar-
ray or RT-PCR™*" have been summarized by Li ez a*,
which also provides an overview on their function as tu-
mor suppressors (miR-15a, miR-34a, miR-96, miR-375)
or oncogenes (miR-27a, miR-132, miR-155, miR-194,
miR-200b, miR-220c, miR-429, miR-212, miR-214, miR-
301a, miR-421, miR-483-3p) and potential molecular tar-
gets, which include besides others WNT3A, p53, K-Ras,
Akt, 14-3-3zeta and Smad4™™ %,

Taken together, there is increasing evidence that
miRNA plays a central role in carcinogenesis and tumor
progression, where the recovery of miRNA in body flu-
ids may, additionally, provide a minimally invasive diag-
nostic tool. This has created hope particularly for most
deadly PaCa, late diagnosis considerably contributing to
the poor prognosis.

Serum miRNA as a diagnostic tool in pancreatic cancer
The stability of free miRNA in serum and other body
fluids has fostered the hope for a minimally invasive di-
agnostic tool that may also be of prognostic value™ ™
which meanwhile has been experimentally supported for
different types of cancer ™ including PaCa, where it
will be particularly important as late diagnosis prohibits
a curative intervention.

In an earlier study 4 miRNA, miR-21, miR-210, miR-155
and miR-196a have been found to differentiate PaCa
patients’ serum from that of healthy controls, where

miR-155 is a biomarker of early PaCa and miR-196a cor-
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relates with progressionm. Evaluating a combination of
CA19-9 with plasma miRNA in PaCa revealed 4 miR-
NA, miR-155, miR-181a, miR-181b and miR-196a, to
differ significantly from healthy donors’ miRNA, where
only miR-16 and miR-196a allowed for discrimination
from chronic pancreatitis (CP). Including CA19-9 in-
creased sensitivity and specificity of the analysis, 85.2%
of PaCa samples being positive even at stage 1 An
clegant recent study on serum miRNA in PaCa based on
sequencing of pooled samples, a selection phase based
on quantitative reverse transcriptase PCR (qRT-PCR)
followed by a testing phase revealed upregulation of
miR-20a, miR-21, miR-24, miR-25, miR-99a, miR-185
and miR-191 in the serum of PaCa patients as com-
pared to healthy controls. The authors also confirmed
that these 7 miRNA allowed for differentiation towards
CP, where expression in CP did not differ significantly
from that of healthy donors”. Additional studies mostly
confirmed abundance of miR-21, miR-155, miR-196a,
miR-210 and miR-16 in PaCa patients’ sera™ . A sta-
tistical meta-analysis, which includes 9 studies, from
which 5 were performed with tissue and 4 with serum

9,63,64]

or plasma suggests a potential role for miRNA as-

says in screening for and confirming PaCa diagnosis".
However, the authors also point out that none of these
miRNA is selective for PaCa. An additional concern
should be mentioned. A differential analysis of free vet-
sus vesicular, particularly, exosomal miRNA in the serum
of PaCa patients appears to be missing. An exosomal
miRNA analysis may well be advantageous as exosomal
miRNA derives from living cells, whereas free miRNA
may mostly derive from dead cells and thus could signifi-
cantly change particularly during therapy or in late stage
PaCa”™"™ . Serum exosome screening could have an
additional advantage. Membrane integrated PaCa mark-
ers will be recovered on exosomes, thus allowing for a
concomitant screening of miRNA and proteins.

EXOSOMES AS A DIAGNOSTIC TOOL

Exosomes are small 40-100 nm vesicles, which derive
from the fusion of the intraluminal vesicles of multive-
sicular bodies (MVB) with the plasma membrane!*™,
Their homogeneous size is one of the major criteria to
differentiate exosomes from apoptotic blebs, micropar-
ticles and microvesicles, which vary in size!”. Exosomes
are composed of a lipid bilayer; they contain selected pro-
teins, mRNA and miRNA"™. Exosomes are secreted by
many cells and abundantly by tumor cells" and are found
in all body fluids"”. Due to their presence in all body
fluids and the expression of selected markers, exosomes
are suggested to be optimal candidates for non-invasive
diagnosis”*". Exosomal proteins, mRNA and miRNA
being functionally active™" and transferred into target

13,81-85 . .
cells">™* exosomes are the most important intercellular
75

communicators’ ) and are suggested to become a very
. 2,868
powerful therapeutic tool"* ¥ To reach the goals of

exosomes as diagnostics and therapeutics great efforts are
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taken to elaborate the prerequisites, such as exosome as-
sembly and exosomal message transfer.

Exosome assembly and secretion

It is well known that the relative abundance of proteins,
mRNA and miRNAs differs between exosomes and
donor cells, which implies active sorting into MVB. In-
deed, the sorting of proteins into exosomes is a highly
regulated process, where monoubiquitinylation as well as
the endosomal sorting complex required for transport
(ESCRT) play a role, some components of ESCRT,
like Tsg101 and Alix being recovered in exosomes. The
ESCRT machinery consists of 3 complexes, ESCRT T,
I and II, where Tsgl in the ESCRT complex I binds
ubiquitinated protein and recruits ESCRT II. ESCRT II
becomes recruited v ESCRT I or Alix. ESCRT II re-
cruits a deubiquitinating enzyme that removes the ubiq-
uitin tag from the cargo proteins prior to sorting into
MVB®™¥. However, not all proteins require the ESCRT
complex for incorporation into exosomes. Alternatively,
proteins in detergent resistant membrane complexes can
become incorporated into MVB like MHC I molecules
in dendritic cells™. Lipid affinity also can account for
MVB incorporation[gﬂ. Tetraspanins and other proteins
with high affinity for cholesterol and sphingolipids are
partitioned into membrane domains which according
to their physical properties are prone for internaliza-
tion”*”!, Proteins also may become recruited by associ-
ated proteins such as integrins associated with tetraspa-
nins or the transferin receptor (TfR), which associates
with heat shock proteins (HSP)™. In particular for
tetraspanin-associated molecules it has been described
that protein complexes rather than singular molecules
are recruited into exosomes. This complex binding se-
verely influences exosome targeting and the crosstalk
with target structures”*”. Besides members of the
tetraspanin family (CD9, CD63, CD81, CD82, CD151,
Tspan8), where tetraspanins are constitutive components
of exosomes””” and are frequently used to differentiate
exosomes from other extracellular vesicles”>”"!, addition-
al molecules most abundantly recovered in exosomes are
HSP! proteases“oz’m‘ﬂ, MHC molecules, cytoskeletal
proteins and signal transduction molecules™, where en-
gulfment of cytosolic proteins involves proteins located
close to the outer membrane of MVB by automicropha-
y[m:].

Interest in exosomes has steeply increased, when it
was reported that exosomes contain mRNA and microR-
NA that will be transferred into target cells"™. Exosomal
mRNA and miRNA also differs from that in the donor
cell. mRNA recruitment can be guided by a zip code in
the 3-UTR"". Exosomal mRNA is less abundant than
exosomal miRNA. Exosomal mRNA are mostly in-
volved in cell cycle progression, angiogenesis, migration,
or histone modification”'"'". Exosomes also contain
selected miRNA. miRNA recruitment is facilitated by
coupling of RISCs (RNA-induced silencing complexes)

. 110,111
to components of the sorting complex[ M the release
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of miRNA being controlled through ceramide-dependent
machinery associated with exosome secretion”. Exo-
somes contain > 120 miRNA from a selected number
of genes. Network based analysis of exosomal miRNA
points towards an involvement in stem cell differentiation
(let-7), organogenesis (miR-1), hematopoiesis (miR-181)
tumorigenesis (miR-17, miR-18, miR-19a, miR-20, miR-
19b-1, rniR—93—1)m’141 and metastasis'".

As exosomes are found in all body fluids"”, the se-
lective enrichment of “marker” proteins as well as of
miRNA makes exosomes a very attractive means for non-

. . . . [104,113)
invasive diagnosis .

Tumor diagnosis by serum exosomes
Exosomes are separated by sequential centrifugation
steps followed or preceded by 0.2 um filtering, For pre-
evaluation exosomes should be further purified by su-
crose density gradient centrifugation“m’ﬂs]. This, however
may not be possible for large sample number evaluation
and also may not be feasible with the amount of avail-
able serum. According to our experience and in line with
literature reports, 1 mL of serum will be sufficient for
screening of a limited number of proteins and miRNA.
Particularly for miRNA screening, recently a thorough
comparative evaluation of mRNA preparation has been
publishedmﬂ, which should be taken into account as in
dependence of the exosome source minor differences
may lead to a pronounced loss of miRNA. Besides these
“home made” exosomes, several commercially avail-
able exosome purification kits are available that were
described to reveal comparable results. In addition, there
are special diagnostic kits on the market, which will be
helpful, if a cleatly defined question is to be answered,
e.g., searching for one marker or a few selected miRNA.
As far as one is interested to find out the protein marker
or miRNA profile of exosomes of a tumor entity that
has not yet already been analyzed, it may be preferable
to start open minded without any preselection. In con-
cern of the readout system, I strongly recommend for
miRNA the protocol of Liu et al” described above for
free serum miRNA, starting with a microarray of pooled
serum exosomes from patients and control donors. Ac-
cording to our unpublished experience the ten most
abundant miRNA are with high likeliness recovered in
exosome pools of different patients. As the serum con-
tains much more exosomes that are not tumor-derived,
taking into account that only platelets account for
roughly 50% of serum exosomes' ! | the comparison
to healthy donors’ exosomes provides already a good
means to select out non-tumor exosomal miRNA. As an
additional control, I would recommend exosomes from
culture supernatant of tumor lines from the same cancer
type.

It also should be remembered that exosome collect
a limited number of mRNA and miRNA that does not
correlate to the mRNA or miRNA profile of the cell,
which we confirmed for a rat pancreatic cancer line and
exosomes derived thereof . Our unpublished study on
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human PaCa serum exosomes confirms this inasmuch as
the miRNA profile of serum exosomes and of culture
supernatant exosomes show abundance of the same
miRNA. In addition, the absence of a miRNA that is
recovered in serum exosomes from healthy donors and
PaCa patients provides a strong hint towards this miR-
NA being not derived from tumor exosomes. Having
selected for miRNA abundant in pools of PaCa patients
serum exosomes, one can proceed with verification by
qRT-PCR.

In concern of serum exosome marker profiles one
should also start with pooled healthy donors serum exo-
somes and select for markers that are undetectable on
healthy donors’ exosomes. Antibodies against constitu-
tive exosome markers may serve as controls. After this
screening one can either proceed with enzyme-linked im-
munosorbent assay (ELISA)""™ or flow cytometry, where
latex beads can be coated with antibody in advance or
latex beads are loaded with exosomes and marker ex-
pression is evaluated by incubation with antibodies after
blocking free binding sites of the latex beads!"*"*,
Both procedures have advantages and disadvantages and
it depends on the individual question, which to prefer.
For diagnostic purposes several kits are commercially
available.

So far, at least to my knowledge studies being con-
cerned about serum diagnosis or diagnosis in other body
fluids, like the urine, by miRNA have rarely taken into
account the particular profile of exosomes. To give a few
examples. In glioblastoma serum exosomes miR-21 was
40-fold increased"™. In serum exosomes from ovatian
cancer patients, 8 miRNA were significantly increased'"
and in prostate cancer urine exosomal miR-107 and
miR-574-3p are upregulated" ™.,

In concern of the comparably rare trials on serum
or other body fluids exosomes as diagnostic tool, I want
to stress again that only exosomal miRNA is delivered
by live cells"””"". Thus, this miRNA can be expected to
be particularly selected for functional relevance. In ad-
dition, CSC/migrating tumor cells are suggested to be
entiched in the serum!”>"*"
the serum exosome pool and to its diagnostic validity,
cancer progression relying on the small population of
CSC, which account for drug resistance, metastasis and
late recurrence ™", Finally, exosomes being delivered
by live tumor cells, the amount of exosomal miRNA
may change with the size of the tumor, but the miRNA
profile most likely will be stable.

Serum exosomes as a diagnostic tool have an addi-

and could well contribute to

tional advantage, as besides tumor miRNA, membrane
bound tumor markers can be searched for. Thus, in ovar-
ian cancer, CD24" and EpCAM+ €X0Somes were 1recov-
ered in ascites of tumor patients and in serum CD24"
exosomes were detected, the absence of EpCAM+
exosomes in serum being due to cleavage by exosomal
ADAM10"***. Also in ovarian cancer claudin4 was up-
regulated in 32 of 63 patients’ serum exosomes, but only

. 130]
in 1 of 50 control serum exosomes' . In plasma exo-
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somes of prostate cancer patients’ survivin is upregulated
compared to controls and benign prostate hyperplasia".
In urine exosomes of prostate cancer also PCA3 and
TMPRSS2: ERG, deriving from a chromosomal rear-
rangement were detected, verifying body fluid exosomes
as diagnostic marker™”, though in another study on
prostate cancer urinary exosomes PSA and PSMA were

detected, but exosomes in urine showed great variabil-
133
|

ity

caveolin-1 and CDG63 were consistently elevated" and

1 Also in plasma exosomes from melanoma patients

tumor exosomes could be efficiently isolated with anti-
HER2/neu from ascites of cancer patientsmﬂ. Last, not
least, the tumor-specific epidermal growth factor receptor
VIl (EGFRVII) was detected in 7 out of 25 glioblastoma
patients serum exosomes'™ and our ongoing study on
pancreatic cancer serum exosomes confirms recovery of
exosomes carrying PaCa stem cell markers" ",

Taken together, comparably few studies on cancer
patients serum/plasma or utinary exosomes confirmed
the suggestion that exosomes in body fluids can serve as
a diagnostic tool. Unfortunately, at least according to my
stage of knowledge, PaCa serum exosomes have not yet
been evaluated, where I strongly recommend to take into
account that exosomes offer the possibility to evaluate
both miRNA and protein markers. Our ongoing studies
strongly suggest that combining the analysis of these
two parameters most likely will bring about a consider-
able improvement in early PaCa diagnosis.

EXOSOMES AS A THERAPEUTIC TOOL

Exosomes are hotly debated as the most potent gen
therapeutic option of the futur4"?. In advance of dis-
cussing this option, I should briefly introduce what is

known so far about the interaction between exosomes
and target cells. I will first discuss exosome binding and
uptake and proceed giving a brief overview on exosome
binding and uptake-induced target modulation.

Exosome binding and uptake

In advance of considering options for the therapeutic
use of exosomes, it is a conditio sine qua non to be
awate, which cells in the body are potentially targeted by
exosomes. Though it is well appreciated that exosomes
only interact with selected targetsmgs’m], the mode of
selection requires further clarification. Several options,
which are mutually not exclusive are discussed, receptor-
ligand interactions, attachment, fusion with the target
cell membrane, or internalization "%,

Due to inward budding of endosomes into MVB, the
outer membrane of exosomes is characterized by phos-
phatidylserine (PS), which can trigger exosome uptake
by binding to scavenger receptors, integrins, comple-
ment receptors and PS receptors (TIM), particularly
TIM-4""" Tn line with this, macrophages (M¢) very
rapidly bind exosomes, binding being efficiently blocked
by anti-CD11b"*". However, /# vivo studies did not pro-
vide evidence that exosome uptake is dictated by scaven-
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ger receptors. Furthermore, the selectivity of exosome
uptake argues for PS facilitating binding, but not for be-
ing involved in exosome uptakemm’m].

Instead, already in 2004 evidence was presented that
exosome uptake by dendritic cells (DC), Kupffer cells
and some macrophages (M¢) involves, besides PS, milk
fat globulin-E8, CD11a, CD54, CD9 and CD81 on exo-
somes and requires gvf33, CD11a and CD54 as ligands
on DC!" suggesting exosome binding and uptake to
involve receptor-ligand interactions that may vary de-
pending on the protein pattern on exosomes and target
cells", Notably, this early study also pointed towards a
later on confirmed contribution of tetraspanins” """,
We additionally unraveled that target cell ligands are also
located in internalization prone protein clusters, which
include annexins, chaperons, molecules involved in ve-
sicular transport, tetraspanins and tetraspanin-associated
molecules””. Thus, internalization by donor cells and the
exosome uptake by target cells use similar fusion/fission
machineries, maintenance of internalization complexes
and re-use of these complexes for exosome uptake ap-
parently being a common theme """, Furthermore,
antibody blocking of CD91, a common receptor for
several HSP interferes with exosome activitym()]. Of
note, exosomes also bind with high avidity several matrix

1% Where matrix protein binding is selective and

proteins
requires defined tetraspanin-adhesion molecule com-
plexesm}]. Less is known about the discussed mechanism
allowing for fusion of exosomes with their target cell.
However, it has been shown that exosome fusion is fa-
cilitated or requires an acid pH"™".

Thus, exosomes display target cell selectivity, which
at least partly builds on the engagement of protein com-
plexes in internalization prone membrane domains.

Target modulation by exosomes

First to note, exosomal proteins, mRNA and miRNA are
function competentmz’m]. Accordingly, there are several
modes, whereby exosomes can modulate their targets.
Binding-induced target modulation mostly relies on acti-
vation of exosome ligands and protein cleavage by exo-
somal proteases. Exosome uptake-initiated changes can
be brought about by transferred proteins, mRNA and
miRNA. These distinct activities of exosomes are far
from being comprehensively understood, but all have ex-
emplary been confirmed. I will mention some examples,
as I feel it is important to be aware of this ongoing re-
search to understand the potential power of an exosome

based therapy.

Exosome-binding induced target modulation
Exosomes are rich in proteaseslwzj, which modulate the
exosomes protein profile as well the ECM and target cells.
A tumor creates its own matrix, but also influences
the host matrix to generate surroundings promoting
tumor cell migration and survival. The phenomenon is
poorly understood and the impact of tumor exosomes
is largely unexplored. First to note, exosome proteases
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modulate the exosome protein profile, described for
L1 and CD44 shedding by ADAM10 and for EpCAM,
CD46, TNFR1 by unknown metalloproteinases“51’153},
Exosomal proteases also modulate the ECM, where
exosomal tetraspanins due to their association with
proteases and integrins become important*>"*"* The
collagenolytic and laminin-degrading activity of exo-
somes facilitates angiogenesis and metastasis! "7,
degradation of aggrecan increases invasiveness!'®>'*!
and exosomal MMP2, MMP9, MMP14 and cathepsinB

L. . 160,16
correlate with invasiveness'*"'®

A, Focalizing exosomal
matrix degrading enzymes allows for paving the path
of metastasizing CSC towards the premetastatic niche,
which we confirmed for a rat metastasizing pancreatic
adenocarcinoma''*!. As the ECM also is a storage of
bioactive compounds“()ﬂ, modulation of the ECM by

[168]
exosomal proteases

can account for cytokine/chemo-
kine and protease liberation and generation of cleavage
products that promote motility, angiogenesis and stroma
cell activation". Thus, the modulation of the ECM by
exosomal proteases creates a path for migrating cells,
favors a tumor growth promoting microenvironment,

angiogenesis and premetastatic niche establishment.

Exosome-initiated signal transduction: Exosome-ini-
tiated signal transduction can be promoted by exosome
binding and exosome uptake, which in most instances
1s experimentally difficult to decipher. Nonetheless,
the impact of tumor exosome binding-initiated signal
transduction on tumor immunity, angiogenesis, tumor
growth/metastasis has been convincingly demonstrated.

DC-exosomes are one of the best explored examples
for exosome binding-initiated signal transduction. DC-
exosomes can replace DC in immune response induction
and exosome-based therapy was first explored using DC-
exosomes as a cancer vaccine. DC also take up exosomes
secreted by other cells, including tumor cells, which they
internalize and process for presentation. Thus, DC use
exosomes as a source of antigen and produce exosomes
that suffice for T cell activation, both features expanding

the operational range of D1,

Tumor exosomes also affect the immune system'”,
Tumor exosomes inhibit CD4™ T cell proliferation, which
1s accompanied by up-regulation and stronger suppres-
sive activity of regulatory T cells (Treg) due to exosome-
associated transforming growth factor beta 1 (T GF—Bl)mS].
NK activity also becomes impaired »iz tumor exosome
inhibiting activation of Stat5, Jak3, cyclinD3 expression
and perforin release”™” or due to blocking NK cells zia
NKG2D binding™. Induction of myeloid-derived sup-
pressor cell (MDSC) is promoted by exosomal TGEFf
and PGE2"". 17 stimulating TGF(B1 secretion by Mg,
tumor exosomes suppress anti-tumor immune responses
allowing for tumor growth and metastasis formation in
allogeneic mice! ™ and by high ICAM1 expression, tumor
exosomes block the interaction between T cells and en-
dothelial cells, thereby decreasing T cell recruitment
On the other hand. high level HSP expression on tumor
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exosomes-HSP functioning as an endogenous danger
signal-promotes NK activation and tumor cell lysis!"™'™
and supports T cell activation and effector functions'™”
as well as induction of costimulatory molecule expression
in DC"™"'™ Tumor exosomal chemokines attract and ac-
tivate DC and T cells, such that intratumoral injection ef-
ficiently inhibits tumor growth™. Tumor exosomes also
can be an efficient antigen source, which induce a potent
Th, CTL and B cell response, even where lysates of the
same tumor are non-immunogenic'**'*,

Taken together, there is an intense crosstalk between
tumor exosomes and the immune system that may be
due predominantly to exosome binding-initiated signal
transduction. Depending on the individual tumor’s exo-
some composition, immune responses are suppressed,
but also can be strengthened and in combination with
DC tumor exosomes could well contribute to cancer im-
munotherapy.

Angiogenesis induction being one of the hallmarks
of cancer, intense efforts have been taken to elaborate
the contribution of tumor exosomes. Tumor exosomes
containing tumor necrosis factor alpha (TNF-a), IL1p,
TGEFB and TNFR1 recruit endothelial cell (EC) pro-
genitors, promote angiogenesis[mﬂ and stimulate EC by
paracrine signaling“sﬂ. Delta-like4 bearing tumor exo-
somes confer a tip cell phenotype to EC with filipodia
formation, enhanced vessel density and branching“s(’],
which involves activation of PPARq and NFkB activa-
tion"™". In a feedback, prostate cancer exosomes lead to
activation of fibroblasts, which then shed exosomes that
increase tumor cell migration via CX3C-CX3CR1"™,

Another elegant examples of tumor exosome-mediat-
ed signal transduction describes overexpression of CD9
or CD82 promoting formation and secretion of exo-
somes that contain J-catenin, thereby reducing its cellular
content and impairing Wnt signaling, which proceeds iz
tetraspanin-associated E-cadherin”. Besides indicating
that the cargo of exosomes differs depending on ESCRT-
or tetraspanin-initiated internalization, this study demon-
strates that by depletion of inhibitors or stimulators tumor
exosomes can opposingly affect signal transduction .
Also, tumor exosome-promoted tumor growth may vary
for individual tumors. Thus, a deficit in Rab27a leading to
reduced exosome production affected growth of a tumor
line that required recruitment of neutrophils, but not of
another neutrophil-independent line"".

Briefly, binding of tumor exosomes to hematopoietic
cells, EC and stroma cells can severely affect the target
cell, which may become activated or suppressed. Addi-
tionally, the export of proteins into tumor exosomes af-
fects the tumor cell itself. It also has to be kept in mind
that tumor exosome-initiated signaling varies with the
origin and composition of tumor exosomes. Last and
importantly, the strength of tumor exosome initiated sig-
naling relies on their accessibility throughout the body.

Exosome uptake promoted target cell modulation:
Early reports on the information transfer »ia exosomes
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showed that embryonic stem cell exosomes transfer mes-
sages into hematopoietic progenitor cells that promoted
survival and expression of early pluripotency markers™.
Adult tissue exosomes, too, had the capacity to alter the
phenotype of their target such that upon coculture bone
marrow cells (BMC) express markers found on the exo-
some donor cell™, where uptake of exosome proteins,
mRNA and miRNA are contributing. These findings
also account for tumor exosomes, which transfer recep-
tor and oncoproteins or miRNA™"",

One of the first evidences to support tumor exo-
some-uptake plays a critical role in autocrine stimulation
of tumor growth revealed that the intercellular transfer
of the oncogenic receptor EGFRVI vz tumor exosomes
to glioma cells, lacking this receptor, causes transforma-
tion of indolent glioma cells™™ and reprograms growth
factor pathways in EC"™
Myc, SV40T also induce signaling and gene expres-

sion”™" where e.g., exosomal amphiregulin, an EGFR

. Other oncogenes, like Ras,

ligand, increased tumor invasiveness 5-fold compared to
the recombinant protein“gs].

Tumor exosome uptake-induced changes in recipi-
ent non-tumot cells can be transient, but also suffice
to drive tumor growth as described for tissue transglu-
taminase and fibronectin”” or high level c-Met uptake
by BMC, which leads to their re-education to support
premetastatic niche formation for melanoma cells, where
in melanoma patients, too, circulating BM-derived cells
express Met™. Tumor exosomes also transport apopto-
sis inhibitory proteinspm] and present TGFf. This drives
differentiation of fibroblasts towards myofibroblasts,
which support tumor growthfzoz]. Adipose-tissue derived
mesenchymal stem cells (MSC) also can be driven into
myofibroblasts by tumor exosomes™", Lung cancer
tumor exosome uptake stimulates IL8, VEGE, LIF, on-
costatin and MMP secretion, which promotes tumor
growth[Z(m. Instead, uptake of tumor suppressor genes
from non-transformed cells can mitigate cancer cell ag-
gressiveness“z’zoﬂ.

An involvement of exosomes in metastasis was
first described for platelet-derived exosomes, which
transferred the o II b integrin chain to lung cancer cells,
stimulated the MAPK pathway and increased expression
of MT1-MMP, cyclin D2 and angiogenic factors and
enhanced adhesion to fibrinogen and human umbilical
vein EC*". We explored that exosomes from a PaCa
together with a soluble tumor matrix facilitated recruit-
ment of hematopoietic progenitors from the BM as well
as activation of stroma cells and leukocytes in premeta-
static lymph nodes such that a non-metastatic tumor
line settled and formed metastases”™”. The recruitment
of tumor cells also becomes facilitated by exosomal
HSP90, a complex of exosomal HSP90 with MMP2
and tissue plasminogen activator promoting together
with exosomal annexin II plasmin activation tumor cell
motility™. As already mentioned, the transfer of c-Met
contributes to premetastatic niche formation mostly vz

. 200
bone marrow cell modulation™. Thus, tumor exosomes
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enhance migration and homing of tumor cells in senti-
nel lymph nodes due to stroma and hematopoietic cell
(77108200207 e N

. y, uptake

of exosomes from non-transformed cells in the tumor

as well as matrix modulation

surrounding can affect tumor cells such that fibroblast-
exosomes promote breast cancer motility »zz Wnt planar
polarity signaling[m].

Tumor exosome uptake also accounts for EC modula-
tion. Colorectal cancer exosomes, enriched in cell cycle-
related mRNA, promote EC pro]jferatjon[m. Glioblasto-
ma-exosome-induced angiogenesis relies on the transfer
of exosomal proteins and mRNAM, Uptake of EGFR-
positive tumor exosomes by EC elicit EGFR-dependent
responses including activation of the MAPK and Akt
pathway and VEGFR2 expression”'!. Transfer of exo-
somal Notch-ligand-delta-like-4 increases angiogenesisma]
and tumor exosomes expressing a complex of Tspan8
with CD49d preferentially are taken up by EC and EC
progenitors, which initiates progenitor maturation and
EC activation including VEGFR transcription[w]. Chron-
ic myeloid leukemia (CML)-exosomes induce angiogenic
activity in EC, where a Src inhibitor affects exosome
production as well as vascular differentiation”"”

As mentioned tumor exosome uptake-induced target
cell modulation frequently represent the net result of
protein transfer-initiated signal transduction, transferred
mRNA translation and mRNA silencing by miRNA.
Though a separation between these activities appears
somewhat artificial, a few reports describing preferential
activities of mRNA and miRNA should be mentioned.

By the transfer of miR-150 in AML-exosomes to
hematopoietic progenitors CXCR4 expression becomes
reduced and HSC migration is impaired””. CD105" re-
nal cell CSC exosomes carry proangiogenic mRNA and
miRNA, which trigger the angiogenic switch™. mRNA
and miRNA of exosomes from a metastasizing PaCa are
recovered in lymph node stroma and lung fibroblasts,
and transferred miRNA significantly affects mRNA
translation, which was exemplified for abundant exosom-
al miR-494 and miR-542-3p, which target cadherinl7.
Concomitantly, MMP transcription, accompanying cad-
herin17 downregulation, was up-regulated in lymph node
stroma cells transfected with miR-494 or miR-542-3p or
co-cultured with tumor exosomes. Thus, tumor exosome
miRNA uptake affected premetastatic organ stroma cells
towards supporting tumor cell hosting“og]. Exosomes
from virus transfected cells transfer viral miRNAP**"
Leukemia cell exosomes contain miR-92a that is trans-
ferred into EC, downregulates CD49e and increases mi-
gration and tube formation”™”. In lung cancer exosomes
miR-21 and miR-29a act as a ligand of mouse TLR7
or human TLRS, functioning as agonist and leading to
NFxB activation and 1.6 and TNFq secretion, which
promotes metastasis’ . Hepatocellular carcinoma exo-
somes abundantly contain miR-584, miR-517c, one of
the potential targets, TGF[ activated kinase 1, activates
JNK and MAPK pathway and NFkB, where transfer of
exosomal miRNA in coculture promoted anchorage-
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independent growth and apoptosis resistance™

Stroma cells also release exosomes, whose miRNA
can influence tumor cells. BM stroma cell exosomes in-
hibit the growth of multiple myeloma, but those derived
from patients with multiple myeloma force multiple my-
eloma progression, the latter exosomes showing a lower
content of tumor suppressor miR-15a, but high levels
of oncogenic proteins, cytokines and adhesion mol-
ecules™. Tumor-associated M¢ secret exosomes with
high miR-223, that binds Mef2c, causing nuclear accu-
mulation of ﬁ—cateninmo]. Monocyte exosomal miR-150,
when transferred to EC, promotes migration™",

Taken together, transferred exosomal miRNA can re-
program target cells, the linkage between exosomal miR-
NA and the targeted mRNA remaining to be elaborated
in detail in many instances. In concern of the described
impact of transferred proteins and mRNA, the ques-
tion on long-lasting zn wvive efficacy awaits clarification.
Exosomes being a most powerful means of intercel-
lular communication that function across long distance,
it is utmost important to answer these open questions.
Nonetheless, therapeutic exploitation of exosomes ap-
pears promising;

EXOSOMES AS THERAPEUTICS

Exosomes are discussed as most potent gene delivery
system, as they are easy to manipulate and efficiently
transfer proteins and genes. This could offer a means to
interfere with tumor exosome promoted angiogenesis
and metastasis, two major targets in cancer therapym’zzzj.
In addition, exosomes ate discussed as cancer vaccine!' .
Nonetheless, in advance of discussing the possibili-
ties to interfere with tumor growth and progression via
exosomes, I want to stress three points. First, uptake by
selective target cells needs to be most thoroughly con-
trolled. Second, the pathway whereby exosomes affect a
selected target cells has to be well defined. Besides the
still open question, whether transferred proteins, mRNA
and miRNA or a combination account for observed ef-
fects, the multiple targets of individual miRNA could
create problems such that side effects at the present state
of knowledge can not be excluded. Third, it should be
mentioned that the indispensability of exosome trans-
fer in human cancer remains questionable. In A431 PS
blocking inhibits uptake of exosomes by EC, but the an-
tiangiogenic effect was only transient”. Also a blockade
of cellular vesiculation (TSAPG, acidic sphingomyelin-
ase) did not prevent tumorigenesileZ3’224J. Furthermore,
blocking of Rab27a involved in exosome biogenesis ex-
erts distinct effects on primary versus metastatic tumor

growth and also differs between tumors™"**. These
findings should not be taken to discourage attempts to
translate experimental studies on the power of exosomes
into therapeutic settings, but should foster the point that
clinical translation in many instances essentially awaits
progress in elaborating the mode of exosome activities.
These clauses account particularly for active interference
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with tumor exosomes. Instead, DC exosomes are already

. [226227)
used as a vaccine .

Exosomes to substitute or support dendritic cells
Exosome research became highly stimulated, when it
was noted that antigen presenting cells release exosomes
derived from MVB of the MHC class II compartment,
which can stimulate T cells # vitro and in vivd™. Several
studies report that DC-exosomes were well tolerated,
induced an antigen-specific response and or NK recov-
ery and that the disease-free survival time was mostly
prolonged. For the therapeutic translation it is also ben-
eficial that exosomes can be stored at -80 ‘C and that
recovery is high. Limitation were mostly restricted to the
requirement of large amounts of DC-exosomes™ ",

Though tumor exosomes can be immunosuppressive,
this does not affect their use for loading DC. Several
groups report that exosomes delivered from DC after
coculture with tumor exosomes might be superior to
exosomes derived from peptide-pulsed DC. DC pulsed
with exosomes of an AML line provoked a strong anti-
leukemia responsemz]. In line with this, directing tumor-
associated, non-mutated antigens like CEA and HER2 to
exosomes by coupling to lactadherin increased their im-
munogenicity[zm. Targeting prostate-specific antigen or
prostatic acid phosphatase vz lactadherin to exosomes
also induced a superior immune response™. Further-
more, anticancer drug force the release of HSP-bearing
exosomes, which efficiently activate NK cells™., Taking
this into account, tumor exosomes should be particularly
helpful as antigen source, when immunogenic entities of
a tumor are unknown.

Competing with tumor exosomes

Even taking into account that an individual tumor may
not essentially depend on exosomes for survival and pro-
gression, tumor exosomes doubtless support the tumor
by modulating the host. Thus, competing with tumor
exosomes might be a means to retard metastasis forma-
tion.

Blocking of exosome uptake could be performed at
the exosome or the target cell level™ where PS blocking
of tumor exosomes only transiently inhibited angiogen-
esis"™. Instead, in a rat PaCa, where exosomes express-
ing the tetraspanin Tspan8 induced a lethal systemic
consumption coagulopathy, blocking exosomes by a
Tspan8-specific antibody completely prevented undue
angiogenesis, although primary tumor growth was not
impairedmé’zm. Based on this finding and our ongoing
studies that exosomes bind i tetraspanin-complexes to
ligands also located in internalization prone membrane
domains™, we speculate that a scrutinized analysis of
an individual tumors’ exosome-binding complex should
provide the information for hampering undue tumor
exosome-initiated angiogenesis and premetastatic niche
formation, where exosomes from non-transformed
cells modulated to express the tumor exosome-binding
complex will be most promisingl‘r’%. As an alternative
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approach, tumor exosomes can be removed by affinity
plasmapheresis known as Aethlon ADAPT™ Block-
ing of tumor exosomes also can affect drug and radia-
tion resistance due to enhanced release of export trans-
porter MRP2, ATP7A and ATP7B or Annexin A3,

Tailored exosomes for drug delivery

Greatest hope in exosome therapy is based on the discov-
ery of horizontal transfer of mRNA and miRNA""**"!
which can be translated or mediate RNA silencing[zo’u‘wl.

As exosomes are natural products, are small and flex-
ible, which allows them to cross biological membranes
and to protect their cargo from degradation by a lipid
bilayer™, they are discussed as ideal and possibly the
most potent gene delivery system > #H Notably,
exosome electroporation efficiently transfers siRNA
into exosomes'"'”. Furthermore, special devices can be
developed, eg., to cross the blood-brain barrier, which
was explored for the delivery of BACE1 siRNA, where
mast cell exosomes were equipped with a brain penetrat-
ing peptide fused to the vesicular membrane protein
Lamp2®***. Also, curcumin or Stat3 inhibitor delivery
confirmed exosomes to be well suited for drug deliv-
ery® Y where chemotherapeutic drug efficacy was
increased by lowering the pH of exosomes' ", Adeno-
viral vectors associated with exosomes displayed higher
transduction efficacy than purified AAV vectors™ As
exosomes from non-tumor cells contain tumor-suppres-
sive miRNA, it was suggested to use exosomes loaded
with those miRNA, which was exemplified for miR-143
as a therapeutic strategy in cancer”™”. In a mouse hepa-
toma, systemic administration of miR-26a, inducing cell
cycle arrest, exerted a dramatic protective effect without
toxicity™”. Additional approaches like miRNA inhibi-
tors (miRNA sponges), antagomirs, locked-nucleic-acid-
modified oligonucleotides are reviewed in®,

At the present state of knowledge miRNA based
therapies have to be considered as double-edged sword
as most miRNA have a multitude of targets. However,
as soon as the above mentioned hurdles are solved, rapid
progress in clinical translation can be expectedm]’zszl.

CONCLUSION

The recovery of tumor-associated miRNA and of tumor
exosomes in serum and other body fluids has created
hope for non/minimally invasive diagnostics, where our
own, unpublished data indicate that an exosome-based
screening may be advantageous as it offers the possibility
to search concomitantly for tumor-related protein mark-
ers as well as tumor-associated miRNA. Taking into ac-
count that the poor prognosis of PaCa patients despite
considerable progress in surgical treatment is mostly due
to late diagnosis, a reliable serum-based diagnosis at eatly
stages could already significantly contribute improving
the rate of curative treatment.

Beyond diagnosis, the discovery of exosomes as in-
tercellular communicators throughout the body fostered
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reconsideration of many aspects of tumor biology and
is hoped to bring a major breakthrough in therapy. The
power of exosomes is due to their ubiquitous presence,
their particular protein profile and their equipment with
mRNA and miRNA as well as their most efficient trans-
fer in target cells. Together with the ease of transfecting
exosomes, there should be hardly any limits in the use of
exosomes as therapeutics. The therapeutic use of exo-
somes from non-transformed cells to compete, to induce
an immune response or to silence immunosuppression
should not become a danger for the patient’s organism.
Instead, therapeutic approaches based on tailored tumor
exosomes still awaits answers to the targeting receptors
and their ligands, which most likely will offer modalities
to further restrict the panel of potential targets of natu-
ral tumor exosomes and a precise knowledge on miRNA
targets and consequences on release from repression.
Answering these questions will take time, but is not an
insurmountable hurdle.

PaCa are burdened by desmoplasia and early meta-
static spread. Both features essentially depend on the
crosstalk with the host, which has been convincingly
demonstrated to be to a considerably degree mediated
by tumor exosomes. Thus, it is my personal opinion that
PaCa treatment/rognosis will particularly profit from
unraveling the option of exosome-based therapy.
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Abstract

Fecal microbiome (microbiota) transplantation is an
emerging treatment not only for refractory/recurrent
Clostridium difficife infections and chronic gastrointes-
tinal diseases, but also for metabolic syndrome, and
even possibly for neurological disorders. This non-con-
ventional therapy has been perhaps more appropriately
designated as fecal bacteriotherapy (FB) as well. The
employment of FB is spreading into pediatric gastroen-
terology. This focused review highlights the pediatric ap-
plications of FB and discusses hypotheses for its mecha-
nism of action. We propose that intestinal microbiome
therapy may be a more appropriate term for FB, which
integrates its potential future applications.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Microbiome; Fecal transplant; Children;
Inflammatory bowel disease; Ulcerative colitis; Clos-
tridium difficile

Core tip: This review provides a focused overview of fe-
cal bacteriotherapy and discusses possible mechanisms
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of action for this unconventional treatment. It also
highlights the challenges, which this therapy faces.

Kellermayer R. Prospects and challenges for intestinal microbiome
therapy in pediatric gastrointestinal disorders. World J Gastrointest
Pathophysiol 2013; 4(4): 91-93 Available from: URL: http://www.
wjgnet.com/2150-5330/full/v4/i4/91.htm DOI: http://dx.doi.

org/10.4291/wjgp.v4.i4.91

INTRODUCTION

The alarming increase in recurrent Clostridinm difficile (C.
difficile) infections (CDI) and associated deaths" geared
the attention of gastroenterologists around the world to-
wards fecal microbiome (or microbiota) transplantation
(FMT)". This non-conventional therapeutic approach
has also been designated as fecal bacteriotherapy (FB) bl
Human fecal preparations have been used for cen-
turies in traditional Chinese medicine to treat various
disorders". However, it was not until 1958 when fecal
preparations from healthy donors were employed by
bold surgeons as enemas to treat critically ill patients
with pseudomembranous colitis (PC)™. In spite of the
surgeons’ dramatic success, fecal bacteriotherapy has
received less attention up to the 1980’ pethaps second-
ary to the recognition that C. difficile is the pathogen for
PC and that it can be effectively treated with antibiotics.
Indeed, the short term efficacy of current antimicrobi-
als is around 90% against CDI1". However, the infection
may recur in 13%-24% of cases within 4 wk. In such
instances FB has been utilized with a cure approaching
90% irrespective of the mode of delivery (i.e., upper
gastrointestinal, colonoscopic, or large volume retention
enema)!’. The first randomized control trial comparing
FB with vancomycin therapy for recurrent CDI showed
the overwhelming superiority of the fecal preparationls].
In-spite of this finding we do not understand clearly
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how B works. It appears that live bacteria are required
for FB to be cfficacious based on mouse model studies'”.
Many researchers argue that it is true engraftment of the
donor microbiota that occurs in the recipients through
FB, hence is designation as “transplantation”“m. Only
limited high-throughput metagenomic studies have ad-
dressed this question, especially over a prolonged time
course after the treatments. Work with an artificial fecal
bacterial preparation of 33 species found that there was
a steady decline in the transplanted strains within the
stool of the 2 recipients studied"". More specifically,
only about 25%-30% of the species received remained
in the recipient community by 6 mo after the “transplant”.
This result shows that some donor bacteria truly popu-
late the recipient microbiome at least for several months.
However, I propose that FB works by shock therapy or
“enslavement” of the recipient microbiota, rather than
just engrafting absent bacterial species into the recipi-
ent population. More specifically, a brief shock from a
healthy donor bacterial community may restructure the
recipient microbiota, which acts as a dynamic organ. The
short-term to long-term engraftment of a few bacte-
rial species from the donor stool into the restructuring
recipient microbiota may aid/patticipate in this process.
I use the example of crystallization induced by a bit
of crystal placed into an over-saturated solution, such
as in the case of sodium acetate (http://www.youtube.
com/watch?v=HnSg2cl09PI) to demonstrate my hy-
pothesis. In the case of I'B, the stool donor is the bit of
crystal and the dysbiotic recipient microbiota is the over-
saturated solution. Upon the induction from the healthy
donor stool, the recipient microbiota reverts back (“crys-
tallizes”) to a healthier state of the microbial community
supporting its ability to overcome CDI. The arguments
for the shock therapy are: (1) a single B enema works
as effectively as any other mode of delivery. Enema vol-
umes are about 5%-10% of the colonic volume. Those
reach only the hepatic flexure at best, and are evacuated
within a few hours after delivery. It is physiologically
rather difficult to imagine that such a preparation could
truly transplant the whole intestine of the recipient with
microbes; and (2) a simple cultured mixture of 10 bac-
terial species worked as effectively in treating CDI as
a retention enema preparation“z]. It is unlikely that the
treated recipients harbored only the 10 “transplanted”
species following the resolution of CDI.

Based on the above, FB appears to be a more ap-
propriate designation of this treatment modality than
fecal transplantation. Even more, “intestinal microbi-
ome therapy” (IMT) may be the most proper term for
FB, since the future will likely bring the development
of restricted microbial communities for the treatment
of human diseases. In fact, FB has been used with ben-
efit in inflammatory bowel diseases (IBD)M, chronic
constipation and irritable bowel syndrornem, metabolic
syndrome'”, and even in isolated cases of neurological
diseases”. As for IBD, it was an academic physician, Jus-
tin Bennet, who innovatively treated his own ulcerative
colitis (UC) with serial large volume retention enemas
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of stool preparation from a healthy donor'"”, Thereafter,
Thomas Borody and colleagues treated 6 UC patients
with 5 consecutive daily enemas resulting in over 1 year
remission off all medications in all'”, One of these pa-
tients has been in remission for over 11 years implicating
the potential curative nature of FB for UC. However, in
a recent review Borody ez al'® states that more than 5 en-
emas are needed for most patients, but does not define
how many. This statement leads to valid concerns raised
about FB in the medical community"”. The absence of
consensus in regards to volume, route, donor screen-
ing, safety measures, and the potential lack of medical
supervision has been discussed. Consequently, a fecal
microbiota FMT workgroup has formed, and established
guidelines for donor screening and recipient selection
primarily for CDI™. To further standardization,
versal” frozen stool preparations to treat CDI were em-
ployed with success” . The establishment and adherence
to stringent guidelines and methods should aid the safety
and future utilization of this unconventional treatment
option for various human diseases.

FB has been less investigated in children, most likely
secondary to safety concerns. In the meantime, parents
of children suffering from UC, for example, are eager
for this treatment option to become available™. There
are only two case reports in children supporting the safe-
ty and efficacy of FB for pediatric recurrent CDI®?,
Additionally, a very recent publication demonstrated that
serial retention enemas from healthy donors can be of
benefit for pediatric and young-adult patients with mild
to moderately active UC™. The study participants expe-
rienced only mild to moderate, self-resolving side effects
from FB. These publications clearly indicate the poten-
tial utility of FB in pediatric gastrointestinal disorders as
well.

At present, FB appears to hold great prospects, but
also significant challenges for the treatment of human
diseases. For chronic disorders, such as IBD, the end
point of therapy may be difficult to define. Long-term
potential side effects such as modified metabolism,
changes in mood and affect, altered susceptibility to
malignancies, ef. have not been examined. The most
optimal route of delivery may vary between diseases,
and between differing phenotypes of a single disease.
The need for donot-recipient matching is also of ques-
tion. The importance of age, gender, race, and micro-
biome composition (among others) are also unknown
in this respect. The potential significance of fungi and
viruses during IMT has not even been addressed to date.
Perhaps the greatest challenge for the future will be to
define restricted microbial communities for specific dis-
eases. Only dedicated academic scientists will be able to
meet these challenges and optimize metagenomic medi-
cine for current and future generations to come.

“uni-
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Abstract

The gastrointestinal tract is frequently challenged by
pathogens/antigens contained in food and water and
the intestinal epithelium must be capable of rapid re-
generation in the event of tissue damage. Disruption of
the intestinal barrier leads to a number of immune-me-
diated diseases, including inflammatory bowel disease,
food allergy, and celiac disease. The intestinal mucosa
is composed of different types of epithelial cells in spe-
cific barrier functions. Epithelial cells control surface-
associated bacterial populations without disrupting
the intestinal microflora that is crucial for host health.
They are also capable of modulating mucosal immune
system, and are thus essential in maintaining homeo-
stasis in the gut. Thus, the regulation of intestinal
epithelial homeostasis is crucial for the maintenance
of the structure of the mucosa and the defensive bar-
rier functions. Recent studies have demonstrated that
multiple molecular pathways are involved in the regu-
lation of intestinal epithelial cell polarity. These include
the Wnt, Notch, Hippo, transforming growth factor-g
(TGF-B)/bone morphogenetic protein (BMP) and
Hedgehog pathways, most of which were identified
in lower organisms where they play important roles
during embryogenesis. These pathways are also used
in adult organisms to regulate multiple self-renewing
organs. Understanding the interactions between these
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molecular mechanisms and intestinal barrier function
will therefore provide important insight into the patho-
genesis of intestinal-based immune-mediated diseases.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Intestinal epithelium; Mucosal barrier; Homeo-
stasis; Molecular pathways; Immune-mediated disease

Core tip: The pathogenesis of gastrointestinal dis-
eases is associated with important molecular path-
ways such as Wnt, Notch, Hippo, transforming growth
factor-g/bone morphogenetic protein or Hedgehog in
controlling cell-fate determination. Here, we discuss
how they contribute to homeostasis of intestinal epi-
thelium.

Jeon MK, Klaus C, Kaemmerer E, Gassler N. Intestinal barrier:
Molecular pathways and modifiers. World J Gastrointest Patho-
physiol 2013; 4(4): 94-99 Available from: URL: http://www.
wjgnet.com/2150-5330/full/v4/i4/94.htm DOI: http://dx.doi.
org/10.4291/wjgp.v4.i4.94

INTRODUCTION

The intestinal epithelium is a single-cell layer that serves
as a protective barrier against the external environment.
It supports nutrients and water transport, while main-
taining a defense against intraluminal toxins, bacteria,
and antigens. The epithelial barrier is governed by the
expression of adherens junctions (AJs) and tight junc-
tions (TI7Js), including cadherins, claudins, occludin, and
junctional adhesion molecules (JAM) proteins, which
seal adjacent cells togetherm. Expression of AJ and TJ
proteins is regulated by phosphorylation and it can ei-
ther promote or destabilize T] formation”. The AJ and
T] complexes also play a crucial role in the regulation of

cellular polatization, proliferation, and differentiation”.
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Figure 1 The molecular regulatory pathways in intestinal epithelial homeostasis. Wnt signaling promotes the proliferation of TA/stem cells and drives Paneth
cell maturation. Notch signaling cooperates with Wnt to drive proliferation of intestinal stem cells and regulates maintenance of undifferentiated TA/stem cells. Hippo
and bone morphogenetic protein (BMP) signaling inhibits proliferation and induces maturation of all secretory cell types. Hedgehog signaling activates the expression

of BMP in the mesenchyme.

The intestinal epithelium is populated by distinct types
of cells derived from stem cells, such as the absorptive
cells (enterocytes) and the secretory cells (mucus-secreting
goblet cells, hormone-secreting enteroendoctine cells, Tuft
cells, and antimicrobial peptides-secreting Paneth cells).
All but the Paneth cells differentiate into mature forms
from the crypts to replace cells extruded from the tips of
the villi*”, This continuous replenishment of intestinal
epithelium takes generally 4-7 d and it is important for
the maintenance of epithelial integrity. Several conserved
signaling cascades, 7e., the Wat, transforming growth
factor-f (TGF-B)/bone morphogenetic protein (BMP),
Notch, Hippo, and Hedgehog pathway are associated with
the maintenance of the morphological and functional fea-
tures of diverse epithelial cell types (Figure 1).

Disruption of this delicate balance causes a variety
of intestinal-related inflammatory and autoimmune syn-
dromes”. For example, healthy first-degtee relatives of
patients with inflammatory bowel disease (IBD) and celiac
disease have increased intestinal permeability and epithelial
apoptosis”"". Intestinal barrier dysfunction also contributes
to the sevetity of food allergen-induced clinical symptoms' "
In this review, we summarize current studies for major mo-
lecular signaling pathways in intestinal homeostasis.

SIGNALING PATHWAYS REGULATING
INTESTINAL HOMEOSTASIS
WNT PATHWAY

Wat signaling plays multiple roles during intestinal ho-
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meostasis. It contains the canonical and non-canonical
pathway. The central player in the canonical Wnt signal-
ing cascade is -catenin, a cytoplasmic protein the stabil-
ity of which is regulated by the APC tumor suppressor.
Complexes of frizzled seven transmembrane molecules
and low-density lipoprotein receptor related proteins
(LRP-5/-6) serve as receptors for secreted Wnts"?. When
Wnt receptor complexes are not engaged, caseine ki-
nase-1 and GSK3-f3, both residing in the APC complex,
sequentially phosphorylate B-catenin at a series of highly
conserved Ser/Thr residues near its N-terminus and
are thereby tagged for ubiquitination and proteasomal
degradation. In contrast, Wnt stimulation blocks the
intrinsic kinase activity of the APC complex, leading to
B-catenin accumulation. Unphosphorylated B-catenin
translocates into the nucleus where it engages transcrip-
tion factors of the TCF/LEF family, thereby translating
the Wnt signal into the transcription of a TCF target

The canonical Wnt pathway is essential for epithelial
proliferation and crypt maintenance """, Mutations in
the APC gene, a negative regulator of Wnt signaling,
also results in hyperproliferation of the epithelium fol-
lowed by the development of adenomas!”. Moreover,
[B-catenin plays a role as an AJ] component, thereby link-
ing it to the cytoskeleton of epithelial cells. Wnt signal-
ing is necessary for positioning and maturation of Pa-
neth cells in the crypts, and for separating proliferating
and differentiated cells. These processes are controlled
by the Wnt-dependent expression of specific ephrin
receptors in the intestine!" . Non-canonical (B-catenin
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independent) Wnt signaling is termed the planar cell
polarity pathway, which is activated by the GTPases Rho
and Rac. These induce cytoskeletal rearrangements and
help to form new crypts'”

NOTCH PATHWAY

Notch signaling is active in intestinal crypt compart-
ments and assists the Wnt pathway in promoting stem
cell proliferation and negatively regulates differentiation

into the secretory lineagesm. Interaction of the Notch
receptor NOTCH 1-4) and ligand (Delta-like 1, 3, and 4;
Jagged 1 and 2) between two adjacent cells results in pro-
teolytic cleavages of the receptor by the y-secretase en-
zyme complex, leading to the translocation of the Notch
intracellular domain (NICD) into the nucleus. There,
NICD binds to the transcription factor CSL (CBF1 in
human, RBPjk in mice, Su (H) in Drosophila, Lag-1 in C.
elegans) and activates target genes such as HES-7 (Hairy
and enhancer of split 1), HES-3, and HES-5, which are
important for the differentiation of absorptive cells. The
transcription factor MATH-1 is a downstream target of
HES-1 repression in the intestine and its activity leads
to generation of the secretory cell lineagesm’zﬂ. These
results suggest that the absorptive versus secretory epi-
thelial cell type fate decision is established through the
HES/MATHI1 axis. In addition, Gfi-1 and neurogenin-3
(Ngn-3), other transcription factors, compete for selec-
tion of enteroendocrine versus goblet or Paneth cell
fates™.

The dysregulation of Notch activity is related to the
pathogenesis of IBDs, such as ulcerative colitis (UC)
and Crohn’s disease (CD). A histological study in UC
revealed that the depletion of goblet cells with loss of
ATOHI1 expression and CD is caused by dysregulation
of secretory cell differentiation®™ ., Additional evidence
supporting such an important role for Notch in the in-
testine is derived from studies of y-secretase inhibitors
(GSIs). Treatment of mice with GSIs induced colitis due
to inhibition of Notch signaling[%]. Notch activity may
thus contribute to the regenerating epithelium and en-
hance the barrier function of the intestinal epithelium.

HIPPO PATHWAY

The Hippo pathway plays a crucial role in controlling
organ size by inhibiting cell proliferation and apoptosis

in response to cell-cell contact. This tumor suppressor
pathway regulates intestinal regeneration and tumorigen-
esis”™™, When the Hippo pathway is active, the down-
stream effector of this pathway Yes-associated protein
(YAP) is phosphorylated at S127 by the LAT1/2 kinases.
Phosphorylated YAP remains in the cytoplasm and in-
hibits its proliferative and anti-apoptotic function in the
nucleus, which is mediated by its binding to TEAD1-4
transcription factors. Cytoplasmic YAP has the Wnt
antagonizing effects, thereby contributing to the preven-

tion of proliferation and intestinal stem cell expansionm.
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In contrast, the deletion of Hippo pathway component
Mstl/2 in mouse intestinal epithelial cells results in an
expansion of undifferentiated stem cells and an absence
of all secretory lineagesw.

In the small intestinal and the colonic epithelium of
the normal mouse, YAP protein is found in the crypts and
under normal conditions YAP makes no contribution to
intestinal epithelial proliferation. However, it is required
for tissue regeneration caused by injury. YAP protein is
overexpressed in the crypts of the recovery phase from
the DSS-treated mice”". Treatment of GSIs suppressed
the intestinal dysplasia caused by YAP and this result sug-
gests that YAP stimulates Notch signaling, YAP is com-
monly overexpressed in colorectal cancers"?. Therefore,
the activation of YAP for regulating intestinal stem cells
regeneration indicates that a deficiency of Hippo signaling
may contribute to tumorigenesis in the intestine.

HEDGEHOG PATHWAY

The Hedgehog signaling is initiated through the binding
of Hedgehog ligands to the patched homolog 1 (Ptchl)
receptor. In the absence of ligands, Ptchl inhibits the
activity of smoothened (Smo). Hedgehog binding inac-
tivates Ptch1 and in contrast, Smo inhibition is released
and these mechanisms lead to the translocation of mem-
bers of the GLI family (GLI-1, GLI-2, and GLI-3 in

mammals) of Zn-finger transcription factors from the

cytoplasm to the nucleus. Upon nuclear translocation,
they activate the transcription of target genes, such as
Ptch1, Gli-1, Bmp4, Hhip1™. Three Hedgehog homo-
logs, such as sonic hedgehog (Shh), indian hedgehog
(Ihh), and desert hedgehog (Dhh) are known to be high-
ly conserved in mammals and of these, only Shh and
Ihh are expressed in epithelium during development, but
are redistributed after villus formation to be localized
to the intervillus regionm. Thus, Hedgehog signaling is
required for the formation of villi. Shh has been local-
ized to the region of the crypts and Shh plays a role in
the regulation of epithelial proliferationm]. Furthermore,
Hedgehog ligands have been reported to be anti-inflam-
matory epithelial modulators in the intestine™”. Hedge-
hog signaling pathway inhibitors induced hypoplasia of
Paneth cells, thus this signaling pathway may influence
intestinal epithelium repair partly through the regulation
of Paneth cells"”. Hedgehog signaling decreases during
the injury phase and increases during the repair phase®.
It confirms an important role of Hedgehog signaling in
the repair of intestinal epithelium after injury.

TGF-3/BMP PATHWAY

TGF-f signaling regulates embryonic development,
wound healing, proliferation, and cell differentia-
tion™*". The TGF-B family consists of cytokines in-
cluding TGF-f isoform, BMPs, and activins. Signaling
is induced by ligand binding to type II serine/threonine
kinase receptors, which results in the phosphorylation of
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the type I receptor. Then, signaling of these activated
receptors is transduced through three classes of SMAD
proteins: receptor-regulated SMADs (R-SMADs: SMAD
-1, -2, -3, -5, and -8), common SMAD (SMAD-4), and in-
hibitory SMADs (I-SMADs: SMAD-6 and -7). R-SMADs
become phosphorylated by activated type I receptors and
subsequent translocate to the nucleus. The SMAD com-
plex interacts with transcription factors, thereby inducing
target gene expression. TGF-f3 signaling components are
expressed in the differentiated compartment of the in-
testine”'!. Inactivation of TGF-B signaling components
has also been identified at the adenoma-to-carcinoma
transition!”

BMP signaling mediates the action of hedgehog,
blocking the formation of ectopic crypts, and the expres-
sion of BMP antagonist noggin in the crypts prevents
the activity of BMP, thereby enabling proliferation to
continue™!. TGF-p ligands signal through SMAD-2
and -3, whereas BMP signaling is mediated through
SMAD-1, -5 and -8. Phosphorylated SMAD-1, -5, and
-8 are observed in the villus epithelium and this modi-
fication prevents the villus epithelium from adopting
a crypt-like proliferative character™. BMP signaling
antagonizes the Wnt pathway within the differentiated
compartment, thereby positioning transient amplifying
cells in the cryptsHSJ. In addition, humans with germline
mutations in SMAD-4 or BMP receptor type 1A (BM-
PR1A) are associated with up to 50% of JPS (Juvenile

polyposis syndrome) cases' ™",

CONCLUSION

Intestinal epithelial barrier dysfunction has been impli-
cated as a critical role in the predisposition to a number
of gastrointestinal diseases such as IBD, food allergy,
and celiac disease. It could lead to defects in multiple as-
pects of microbial, epithelial, and immune interactions,
and thus injury to the epithelial lining thought to be an
important factor in the pathogenesis of intestinal-based
immune-mediated diseases™".

The homeostasis of the intestinal epithelium is main-
tained by a complex interplay of multiple regulatory
mechanisms. Togethet, the Wnt, Hedgehog and TFG-B/
BMP pathways maintain the crypt-villus architecture.
The Wnt, Notch, and Hippo signaling pathways com-

bine to control the cell fate choices from stem cells.

Thus and understanding of critical signaling pathways
for maintaining intestinal homeostasis is essential.
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Abstract

Fibrogenesis in inflammatory bowel diseases is a com-
plex phenomenon aimed at mucosal repair. However,
it may provoke intestinal fibrosis with the develop-
ment of strictures which require surgery. Therefore,
fibrogenesis may be considered as a “two-faced”
process when related to chronic intestinal inflamma-
tion. Many types of cells may be converted into the
fibrogenic phenotype at different levels of the intes-
tinal wall. A complex interaction of cytokines, adhe-
sion molecules and growth factors is involved in the
process. We report an overview of recent advances
in molecular mechanisms of stricturizing Crohn’s dis-
ease (CD) including the potential role of trasforming
growth factor beta, protein kinase C and Ras, Raf and
ERK proteins. Fibrotic growth factors such as vascular
endothelial growth factor and platelet-derived growth
factor, as well as the Endothelial-to-Mesenchymal
Transition induced by transforming growth factor-j,
are considered. Finally, our experience, focused on tu-
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mor necrosis factor o (the main cytokine of inflamma-
tory bowel diseases) and the link between syndecan
1 (a heparan sulphate adhesion molecule) and basic
fibroblast growth factor (a strong stimulator of colla-
gen synthesis) is described. We hypothesize a possible
molecular pattern for mucosal healing as well as how
its deregulation could be involved in fibrotic complica-
tions of CD. A final clinical point is the importance of
performing an accurate evaluation of the presence of
fibrotic strictures before starting anti-tumor necrosis a
treatment, which could worsen the lesions.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Fibrogenesis; Fibrosis; Tumor necrosis factor
-a; Syndecan 1; Basic fibroblast growth factor; Cellular
fibrogenic phenotype; Inflammatory bowel diseases

Core tip: The present minireview reports an outline of
the mechanisms of fibrogenesis in inflammatory bowel
diseases. Potential fibrogenetic cells and their char-
acterization are detailed. Recent advances in possible
molecular mechanisms are highlighted. Our experi-
ence, suggesting the hypothesis of a possible molecu-
lar mechanism of mucosal healing, is described. The
modalities whereby a deregulation of this molecular
pattern may lead to fibrotic strictures in Crohn’s dis-
ease are also illustrated. Finally, possible clinical impli-
cations are outlined.
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are
immunologically mediated disorders of the gastrointes-
tinal tract in which inflammation and damage are the
main findings. Fibrosis may be a complication of both
processes, occurring more frequently in CD and often
requiring surgical treatment due to the development of
stenosis and hence bowel occlusion. However, fibro-
genesis is a phenomenon that is intimately involved in
mucosal repair'’! and, therefore, fibrotic complications
of the disorders are paradoxically closely linked to a
physiological phenomenon aimed at restoring damaged
mucosa.

On these bases, a better understanding of the mo-
dalities of the evolution of fibrogenesis into fibrosis
is essential, and the issues of how fibrosis differs from
normal tissue repair, as well as the identification of cel-
lular mediators for testing possible therapies, are intrigu-
ing emerging research concepts.

CELLULAR BASIS OF FIBROSIS

Fibrosis in CD can be viewed as an extreme healing re-
sponse to injury. This model predicts that injury causes
an initial activation of normal intestinal mesenchymal
cells, with a shift to a “fibrogenic” phenotype[z’ﬂ. These
cells are characterized by an enhanced ability to trigger
extracellular matrix (ECM) synthesis. Following acute
injury, however, the normal intestinal architecture is re-
stored because post-transcriptional and post-translation-
al mechanisms prevent the accumulation of ECM, while
fibrogenic cells are eliminated. By contrast, in fibrosis
the mechanisms serving to degrade ECM are not opera-
tive at appropriate levels and fibrogenic cells are not only
maintained but increase in number. The mechanisms
regulating these effects are unknown but may include
factors associated with CD, such as cytokines or trans-
mural inflammation.

The normal intestine has a large, heterogeneous popu-
lation of mesenchymal cells, some of which synthesize
significant amounts of collagen. These cells could be
considered to have a fibrogenic phenotype and are mainly
constituted by fibroblasts and smooth muscle cells or
myofibroblasts, as shown by their immunostaining proper-
ties with antibodies to vimentin (V) and a-smooth muscle
actin (-SMA)™”.

Fibroblasts are V+/A-, while smooth muscle cells
are V-/A+ and predominate in the normal musculatis
mucosa and muscularis propria. Subepithelial myofi-
broblasts (SEMF) with a V+/A+ phenotype are found
adjacent to epithelial cells. However, some of these, that
share common features with V+/A+ myofibroblasts, do
not express o, but y-SMA™7,

Interstitial cells of Cajal ICC) are a myofibroblast-
related subtype specific to the intestine. They are located
between enteric smooth muscle layers and serve to regu-
late gut motility. The c-kit receptor, which binds the pro-
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tooncogene stem cell or steel factor, is a marker of cells
of Cajal. Recent studies suggest that in normal human
intestine these elements also express vimentin, but not
a-SMA. It has been suggested that ICC could transform
into a collagen-expressing fibroblast or myofibroblast
phenotype. Another possibility is that ICC are destroyed
during fibrosis and replaced by cells with a fibroblast
phenotype™.

Inflammatory cells that infiltrate the gut in UC and
CD include macrophages, lymphocytes, and plasma cells.
These may have important interactions with mesenchy-
mal cells and thereby impact fibrosis™”.

In normal intestine, SEMF and fibroblasts found in
submucosa, serosa, and intermuscular connective tissue
are the primary sites of expression of collagen mRNA
and protein. In UC, collagen mRNA expression is up-
regulated in SEMF, suggesting that chronic inflammation
further increases the activity of fibrogenic cells.

Recent studies in fibrotic intestine from CD pa-
tients indicate that V+/A- or V+/A+ fibroblasts and
myofibroblasts are the major sites of increased col-
lagen mRNA expression and collagen depositionm. An
overgrowth of the muscularis mucosa and muscularis
propria occurs in CD but not UC, and this contributes
to the development of stenosis, strictures, and obstruc-
tion"!. Muscularis overgrowth also occurs in some ani-
mal models of chronic intestinal inflammation and these
data support the concept that in muscularis overgrowth
in CD, but not in UC, a change in enteric smooth muscle
cells towards a fibroblast or myofibroblast phenotype[gl
is implicated.

MOLECULAR MECHANISMS OF FIBRO-
GENESIS

Cytokines are a heterogeneous class of secretory pro-

teins produced by several types of cells. For some of
them, they act as growth factors, for others as regulators
of cellular division and finally, cytokines may paradoxi-
cally trigger mechanisms which mediate cell death. All
these effects occur zia regulation of the immune system
and inflammation, so cytokines ate currently subdivided
into pro and anti-inflammatory types. The main cytokine
involved in the pathogenesis of both UC and CD is tu-
mor necrosis factor-q (TNF—a)[g’ml. The sites of TNF-
production are the mononuclear phagocytes, antigen
activated T-lymphocytes, activated mast cells and natural
killer cells. Conventional stimulators of TNF-a produc-
tion are the lipopolysaccharides of the Gram negative
bacteria cellular wall, since they are the main mediators
of the host response to these organisms. However,
TNF-o, may be seen as two-faced, since it is able to trig-
ger a closed circle in which, starting from tissue damage,
it generates an inflammatory response that exacerbates
the damage itself. Moreover, increasing doses of TNF-o
may have a lethal effect. Nevertheless, TNF-o plays a
key role in the maintenance of tuberculous granuloma,
allowing Koch’s bacilli to “be walled alive” and thus pre-
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venting their spread in the body of an infected person
(miliary tuberculosis)"'".

Cell adhesion molecules (CAMs) are proteins located
on the cell surface involved in binding with other cells or
with the ECM. Essentially, cell adhesion molecules help
cells to join together and to their surroundings. These
proteins are typically transmembrane receptors and atre
composed of three domains: an intracellular domain
that interacts with the cytoskeleton, a transmembrane
domain, and an extracellular domain that interacts either
with other CAMs of the same kind (homophilic bind-
ing) or with other CAMs or the extracellular matrix (het-
erophilic binding)m]. A subtype of adhesion molecules
containing heparan sulphate (syndecan family) is chemi-
cally a proteo-glycan and plays a significant role in tissue
repair . At intestinal level, syndecan 1 is located in the
basolateral region of the columnar epitheliurnm and is
a relevant factor in the reversal of inflammatory bowel
disease (IBD) damage”s’l(’l. Indeed, in inflamed mucosa,
these molecules are mainly located in the cells of the
stroma and apical epithelium, where the repair of ulcera-
tive lesions will presumably occur.

Basic fibroblast growth factor (bFGF) is a member
of the fibroblast growth factor farnilym, comprising
at least 22 factors with pleiotropic functions"”. This
peptide is able to repair ulcerative lesions because of its
capacity to bind epithelial and stromal cells. In normal
tissue, basic fibroblast growth factor is present in base-
ment membranes and in the subendothelial extracellular
matrix of blood vessels. It stays membrane-bound as long
as there is no signal peptide, when it acts as a potent
angiogenic factor in patho-physiological processes that
include wound healing and tissue repair“g’zzl. The bFGF
has been shown to promote proliferation of endothelial
cells, to increase the number of fibroblasts and myofi-
broblasts and to activate these fibroblasts. The induction
of collagen secretion from CD and UC fibroblasts by
bFGF may be one of the mechanisms inherent to the
stromal processes of the disease, including transmural
fibrosis and stricture formation, as well as tissue repair
and healing,

Klagsbrun ez al™ suggested that heparan sulphate
proteoglycans (and, therefore, syndecan 1) change the
bFGF morphology and modulate the structure of its
receptors, allowing it to bind to the cells dedicated to
the repair process, such as those located at the margins
P42 bFGE, when not activated by
syndecan 1, is destroyed by luminal and circulating pro-
teases, which may be activated by TNF-q, thus impeding
the tissue restoration process.

of an ulcerative lesion

Molecular mechanisms: recent advances

A relevant actor in the pathogenesis of fibrotic com-
plications of CD is the cytokine transforming growth
factor beta (T GF—B)[ZG]. TGF-B is secreted by many cell
types, including macrophages, and has a controlling role
in cellular proliferation, differentiation and apoptosis,
immunoregulation, supervision of the inflammatory
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response, as well as fibrosis and other functions includ-
ing tissue healing. It is known that TGF-f3 promotes
collagen expression by intestinal fibroblasts and smooth
P72 This process is mediated by an intracel-
lular signaling pathway in which a cascade constituted by
protein kinase C and Ras, Raf and ERK proteins plays
a key role”**”". Moreover, it has been hypothesized
that TGF-B promotes the overexpression of adhesion
molecules (¢g., intracellular adhesion molecule-1)P" by
fibroblasts and other pro-fibrotic growth factors such as
vascular endothelial growth factor”! and platelet-derived

muscle cells

growth factor" ). Finally, a recently revealed mechanism
of fibrogenesis in CD, is the Endothelial-to-Mesenchy-
mal Transition induced by TGF-B*. This cytokine is
able to induce a protein expression pattern in endothe-
lium that leads to a de-differentiation of these cells and
to a transformation to a fibrogenetic phenotype, similar
to fibroblasts.

In conclusion, the overexpression of TGF-f3 and its
receptors in both the intestinal wall, and in fibroblast
cultures taken from sites of intestinal stricture in patients
with CD, suggests a potential regulatory role for this cy-
tokine in intestinal ﬁbrogenesisﬁs]

Adipokines are cell-to-cell signaling proteins pro-
duced by adipose tissue. The best known adipokines are
leptin, adiponectin and resistin. They play a key role in
regulating energy intake and expenditure, including ap-
petite and hunger, metabolism, and behavior: indeed,
their role has beenwidely studied in diseases like meta-
bolic syndrome and type 2 diabetes. Recently, however,
further functions of these molecules have been dis-
covered, as mediators of systemic inflammation. It has
been shown that obesity per se, and in particular visceral
adiposity, is associated with systemic microinflammation,
and disturbed circulating adipokines levels®™™. This is
why numerous studies have been focused on the role of
adipokines in the pathogenesis of IBDP.

The outer intestinal wall in patients affected by IBD
is enveloped by fat deposits called “wrapping” or “creep-
ing” fat that seem to play an important role in the patho-
genesis of IBD. An overexpression of leptin mRNA in
mesenteric visceral adipose tissue (mWAT) has also been
found in IBD subjectsm], and is correlated with local
macrophages infiltration, which drives a high expression
of interleukin (IL)-10, IL-6 and TNF-¢*. On the other
hand, adiponectin seems to have a protective function
against inflammation in IBD"#. Rodrigues ez al* evalu-
ated serum adiponectin and leptin by enzyme-linked
immunosorbent assay in patients with active CD (ACD
group), CD in remission (RCD group) and in six healthy
controls, and found that serum adiponectin was lower in
the ACD group as compared to controls, whereas there
were no differences between the ACD and RCD groups.

The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway is involved in the
control of the expression of DNA sequences that af-
fect basic cell functions, like cell growth, differentiation

and death™. This pathway is triggered by the binding

November 15, 2013 | Volume 4 | Issue4 |



Principi M et a/. Fibrogenesis in inflammatory bowel diseases

of a ligand (usually a pro-inflammatory cytokine such as
IL-6™) 11.-12, IL-1, TNF-q, ot interferon gamma[%]) to a
tyrosine-kinase membrane receptor. Wu ez al'" evaluated
whether intestinal myofibroblasts could produce nitric
oxide (NO) in response to the IBD-associated cytokines
IL-1b, TNF-q, and interferon gamma in a JAK-STAT
dependant pathway, using intestinal myofibroblasts
isolated from mice and cultured. The result was an in-
creasing expression of inducible nitric oxide synthase
(iNOS) mRNA (evaluated by real time polymerase chain
reaction, RT-PCR), but not endothelial NOS or neuro-
nal NOS. This mechanism was shown to be enhanced
by a protein cascade constituted by JAK-STAT, Akt and
NF-kB. The importance of NO in the pathogenesis of
IBD has long been known and is widely discussed in
literature™*, Furthermore, genetic studies investigating
polymorphisms in the [AK gene™ revealed that same
genetic variants (the G allele of rs744166 and the C al-
lele of rs3816769) increase not only the risk of onset
of CD, but even the risk of strictures requiring surgery,
because of the interaction with the CARD75 genem.
Considering the JAK2 1510758669 polymorphism, the
homozygous C/C or heterozygous A/C genotypes had
a higher risk of CD as compared with the homozygous
A/A (OR = 1.76, 95%CI: 1.26-2.45 and OR= 2.30,
95%CI: 1.44-3.806, respectively). On these bases, future
therapy with JAK inhibitors for their anti-inflammatory
effects appears promising[szl.

A novel field of genetics which is attracting the atten-
tion of researchers is epigenetics, ze., the study of all the
heritable modifications that vary gene expression while
not altering the DNA sequence. Micro RNAs (miRNA)®”
are just one example. miRNAs are small non-coding
RNA oligonucleotides that can regulate the expression
of a large number of genes and have been implicated
in different human diseases like cancer’™ and inflamma-
tory diseases”™" including IBD"". A very recent study"”
performed on NCM460 human colonocytes incubated
with interleukin-6 and on colon biopsies from pediatric
and adult patients with UC revealed that a deregulation
(low levels) of miRNA-124 can cause a hyper-phosphor-
ylation of STAT3 (and consequently, hyper-activation),
via a mechanism induced by IL-6, very likely resulting
in a pathogenic system leading to IBD. miRNA-124 is
only a second lead on the crowded stage of miRNAs:
miRNA-192, which is normally expressed in colonic
epithelial cells, is significantly reduced in tissues of pa-
tients with active UC™; miR-150 is up-regulated in mice
with dextran sulfate sodium-induced colitis and in colon
tissues from patients with UC™; an overexpression of
miRNA-21, which promotes inflammation, has been re-
ported in several studies of patients with active UC and
CD colitis".

The process of DNA methylation is another form of
epigenetic regulation of gene expression. It consists in
the binding of a methyl group to cytosines that are part
of cytosine-guanine dinucleotides (CpG), and has a gene
silencing function. The main genes whose methylation
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is involved in the pathogenesis of 1BD are the CDH1",
BCL3, STAT3, OSM, STAT5" proteins involved in the
IL-12 and IL-23 pathways.

Finally, histone modifications are an epigenetic pro-
cess that may modify genomic expression. Histones are
alkaline proteins that package and order the DNA into
structural units called nucleosomes and chromatine!".
They have N-terminal amino acid tails that protrude and
can be modified by acetylation, methylation, ubiquitina-
tion, and phosphorylation. Acetylation, however, is the
most closely studied phenomenon, because it improves
gene transcription and recruitment of transcriptional
factors. In the course of IBD, the main genes targeted
by histone acetylation are p53, STAT3, and HIF14*.
Furthermore, an innate immune response to microbiota
has been proposed to link histone modifications with in-
flammation: butyrate, an endogenous metabolite formed
during fermentation of dietary fibers by the intestinal
microbiota, is a histone deacetylase inhibitor. Butyrate
increases the expression of NOD2 by increasing histone
acetylation in its promoter region[(’ﬁ].

The importance of all these epigenetic mechanisms
lies in possible future therapeutic applications: inhibitors
of deacetylation, demethylating agents and miRNA pro-
duced by genetic engineering could be potential targets
in IBD"".

Molecular mechanisms in mucosal healing and
strictures: our experience
Our previous investigations[és] demonstrated that a de-
crease of TNF-a induced by anti-TNF-q, (infliximab)
treatment is accompanied by a decrease in both syndecan
1 and bFGF when mucosal healing occurs. A possible
explanation is that infliximab therapy may downregulate,
via a marked reduction of TNF-o mucosal levels, the
bFGF/syndecan 1 link. This molecular profile could
represent a pathway of mucosal healing. However, the
parallel trend of TNF-q, syndecan 1 and bFGF could
be just a simultaneous consequence of the control of
inflammation. To dispel this doubt, we analyzed the
“timing” of the TNF-¢, decrease and bFGF/syndecan
1 reversal to normal levels and sites in cultured biopsy
samples taken from patients with both CD and UC and
incubated in a medium containing comparable amounts
of infliximab similar to those reached in the serum of
treated patients. After 24 h we assayed TNF-q, syndecan
1 and bFGF in tissue homogenates. TNF-o was found
to be decreased, while syndecan 1 and bFGF levels were
still high when evaluated by both a molecular method
(reverse transcriptase real time polymerase chain reac-
tion) and immunohistochemistry®”’. This last finding
supports our primary hypothesis that a mucosal TNF-a
reset, induced by biological drugs, is followed by a mu-
cosal restoration in which syndecan 1 modulates the
strong reparative bFGF aptitudes. Finally, in healed mu-
cosa, cytokines, adhesion molecules and growth factors
resume their normal pattern.

A report by Bousvaros ez al™ showed that in chil-

November 15, 2013 | Volume 4 | Issue4 |
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dren with CD there was a strong correlation between
the bFGF level and disease activity. The relationship of
bFGF with disease activity persisted even after adjusting
for other covariates (including age, sex, hematocrit, albu-
min, and sedimentation rate) in a multivatiate linear re-
gression model. There was also a statistically significant,
although less strong, correlation between the bFGF
level and disease activity in UC. Although bFGF is not
a specific marker for CD, its serum levels reflect disease
activity. Therefore, bFGF release may be important in
mediating the angiogenesis and wound healing seen in
CD. This report, as well as our experience both i vivo
and i vitrd™", suggest a similar molecular mechanism
for mucosal healing both in CD and UC.

In a further study, we investigated the pattern of
TNF-q, syndecan 1 and bFGF in patients with CD
complicated by fibrotic stenosis undergoing surgical re-
section”". We observed that TNF-o mucosal levels were
not significantly increased. A possible explanation for
this finding may be that an overgrowth of fibrotic tissue
may be a successive stage after inflammation, where the
increase in TNF-q is the peculiar aspect. Therefore, at
the stage of fibrotic stenosis requiring surgery, inflam-
matory mucosal changes may be an irrelevant phenom-
enon in most patients. Syndecan 1 levels were increased,
showing a pattern similar to the one observed in dam-
aged tissues. It may be presumed that the molecule
location, albeit limited to the mucosal layer, reflects an
attempt at bFGF modulation. However, this function
cannot be effectively carried out due to the bFGF over-
expression and location all along the intestinal wall, ze.,
outside the district where syndecan 1 could operate!"”.
Indeed, bFGF overexpression affects all intestinal wall
layers, being expressed in epithelium, stroma, muscula-
ris propria and endothelium. It is possible that: (1) the
low levels of TNF-o may provoke a failure in cytokine
induced bFGF proteolysis; (2) the presence of syndecan
1 is limited to the mucosal layer with a consequent very
partial regulation of bFGF binding to specific receptors
dedicated to tissue tepair; and (3) an irreversible trans-
formation of different type of cells to the fibrogenetic
phenotype occurs, thus provoking the prevalence of
fibrotic over inflammatory stenotic lesions' .

In strictures, it is possible that the excess extracellular
matrix cannot be inhibited by the regulatory mechanisms
of the phenomenon, in accordance with the hypothesis
proposed by Pucilowska ez al™. On these bases, we may
conclude that the different molecular patterns in repair
dedicated fibrogenesis and stricturizing fibrosis in CD
could be the consequence of different mucosal levels of
TNF-q.. These are very high in the active disorder, but
undergo a progressive depletion in the long term, and
this event may trigger a polymorphic regulation of the
syndecan 1/bFGF system.

FINAL REMARKS

Fibrogenesis in inflammatory bowel diseases is a phe-
nomenon aimed at tissue repair. Many cellular types are
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involved in this process and cytokines, adhesion mol-
ecules and growth factors interact to achieve mucosal
repair. However, a deregulation of the healing molecular
pathway can progress towards fibrosis and stenotic com-
plications often requiring surgical therapym’m. Therefore,
fibrogenesis and fibrosis may represent the good and
bad sides of the same coin, the former allowing lesion
healing but the latter leading to severe complications.
The main tool for discriminating between them is, in our
expetience, the presence/absence of inflammation (and,
consequently, the level of TNF-q expression).

A final clinical consideration is the importance of

[75] - ..
in cases of stenosis in

making an accurate evaluation
the course of CD using all available diagnostic tools (his-
tology, ultrasonographym with Doppler evaluation of
the resistance index, magnetic resonance! | computed
tomo—enterography[78], biochemical indices of inflamma-
tion*") in order to distinguish inflammatory from fi-
brotic stenosis. This could orient anti-TNF-q therapy[sﬂ,
that should be limited to the first case, avoiding the risk
that the cytokine decrease could support fibrotic compli-

cations rather than mucosal healing,
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Abstract

The aim of this review is to provide a general overview
of the relationship between occupational stress and
gastrointestinal alterations. The International Labour
Organization suggests occupational health includes
psychological aspects to achieve mental well-being.
However, the definition of health risks for an occupation
includes biological, chemical, physical and ergonomic
factors but does not address psychological stress or
other affective disorders. Nevertheless, multiple in-
vestigations have studied occupational stress and its
physiological consequences, focusing on specific risk
groups and occupations considered stressful. Among
the physiological effects of stress, gastrointestinal tract
(GIT) alterations are highly prevalent. The relationship
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between occupational stress and GIT diseases is evident
in everyday clinical practice; however, the usual strategy
is to attack the effects but not the root of the problem.
That is, in clinics, occupational stress is recognized as a
source of GIT problems, but employers do not ascribe it
enough importance as a risk factor, in general, and for
gastrointestinal health, in particular. The identification,
stratification, measurement and evaluation of stress and
its associated corrective strategies, particularly for oc-
cupational stress, are important topics to address in the
near future to establish the basis for considering stress
as an important risk factor in occupational health.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Stress; Occupation; Gastric alterations;
Gastrointestinal tract diseases; Health risks

Core tip: In workers, the combination of personality
patterns (anxiety/depression), stress and negative emo-
tions contribute to gastrointestinal tract (GIT) altera-
tions. In particular, jobs that produce privation, fatigue,
chronic mental anxiety and a long past history of ten-
sion, frustration, resentment, psychological disturbance
or emotional conflict have been shown to produce
gastric ulcers. Irritable bowel syndrome and functional
dyspepsia also have significant co-morbidity with mood
alterations. Workers with unipolar depression have
been shown to be more prone to present irritable bowel
syndrome-like symptoms. Moreover, three systems are
known to participate in the GIT alterations of workers:
sympathetic autonomic nervous system, the hypotha-
lamic-pituitary-adrenal axis and genetic factors.
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INTRODUCTION

Stress is a term that is often used by the global popu-
lation. This term was first described as a “syndrome
produced by diverse nocuous agents” in the 1930s by
Selye!! and was later called General Adaptation Syn-
drome. Stress refers to the consequences of the failure
of a living organism (Z.e., human or animal) to respond
appropriately to emotional or physical threats, whether
actual or imagined”. Stress can be defined as any threat
to an organism’s homeostasis™”. The function of the
stress response is to maintain homeostasis and may in-
volve both physiological and behavioral adaptations'.
Currently, stress is a condition that affects people daily.
Environmental factors, such as work pressutes, financial
conditions, family situations and social issues, contribute
to stress. Factors related to job stress include the need
for counseling, lack of leisure time, daily shift work, dis-
satisfaction with the wotkplace, work absenteeism due to
health problems and insufficient work incentives. All of
these situations produce psychological stress that may af-
fect different physiological functions in the gastrointesti-
nal tract (GIT)", including gastric secretion, gut motility,
mucosal permeability, mucosal barrier function, visceral
sensitivity and mucosal blood flow'". There have been
several studies on the effects of psychological stress on
the GIT that debate if these effects constitute a physio-
logical response of the body or if they can be considered
a pathology””. In relation to occupations, it is difficult
to define a psychological stress classification for detet-
mining stress levels, exposure duration, exposure limits
to stressors, the sensitivity of the worker, e#.; therefore,
as evidenced in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we consider general occupational stress as
assessed using multiple approaches. Additionally, we fo-
cus on occupational stress associated with specific GIT
problems in any worker group, but particulatly in those
groups working stressful jobs.

EFFECT OF PSYCHOLOGICAL STRESS
AND EMOTIONS ON THE GASTROINTES-
TINAL TRACT

The relationship between psychological stress and disease
has already been recognized by the ancient Greeks, who
hypothesized that moods affect the body. Hippocrates
described how psychosomatic disorders produce abnot-
mal physical reactions due to stressful emotions, and
Galen supported the idea that emotions and pain are dis-
eases of the soul. However, in 1637, Descartes changed
the paradigm by proposing the separation of the think-
ing mind from the material body". Currently, there are
an increasing number of reports regarding cognitive
and psychological declines related to stress, including
occupational stress, in subjects without psychiatric pre-
morbidities or major life trauma'”.

The relationship between emotions and gastric mo-
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tility has been documented since the nineteenth century
and the beginning of the twentieth century by Charles
Cabanis and William Beaumont and thereafter by Ivan
Pavlov, Walter Canon and Stewart Wolf, who were the
pioneers in determining the gastric response after an
emotional stimulus in animal models”™". Based on these
antecedents, researchers and clinicians wete curious
about the relationship between stress and gastric motil-
ity. For example, Muth e# a/” reported the case of a fis-
tulated patient who displayed increased gastric motility
when he was angry but decreased gastric motility when
he was fearful. Nevertheless, in general, the role of oc-
cupational stress in gastric motility has not been closely
examined. The main limitation, as far as we perceive,
occurs because most of the techniques used for GIT
evaluations are invasive!"”

The combination of personality patterns and emo-
tional stress also has an important contribution to GIT
alterations. In a review by Alp e a/', studies were
mentioned that suggested privation, fatigue and mental
anxiety frequently coincided with the presence of gas-
"'and that a psychological disturbance or
emotional conflict might be transformed into an organic
disease, e.g., a peptic ulcer™'. The same paper also
mentioned that a significant correlation exists between

the onset of peptic ulcer symptoms and domestic upset,
[15]

tric ulceration

financial stress or an extensive past history of tension
Furthermore, anxiety, frustration, resentment and fatigue
were suggested to be important aggravating factors in
the symptomology of peptic ulceration''”, Many of the
emotional states previously described by these research-
ers are related to psychological stress.

In relation to other GIT alterations, such as irritable
bowel syndrome (IBS) and functional dyspepsia, a signifi-
cant co-morbidity reportedly exists between mood altera-
tions (eg., anxiety and depression) and functional gastro-
intestinal syndromesm. However, the exact pathophysi-
ological link between emotions and the gut is not yet well
established (see below). A model of an emotional motor
system (EMS) that reacts to interoceptive and exterocep-
tive stress was proposed by Karling ez al"™. These investi-
gators found that recurrent unipolar depression patients
who were experiencing remission did not have a greater
number of IBS-like symptoms than the controls, indicat-
ing that GIT dysfunctions may resolve when depression
is treated to remission. Apparently, there is a relationship
between mood alterations (e.g., anxiety and depression)
and IBS-like symptoms in patients with unipolar depres-
sion, in patients with IBS and in a sample of the normal
population. In addition, the investigators suggested that,
during the regulation of the emotional-motor system,
there is a participation of the following three systems (the
interrelationships of which are presented schematically
in Figure 1): (1) the sympathetic autonomic nervous sys-
tem (ANS), which explains symptoms that occur when
patients change their body position; (2) the hypothalam-
ic-pituitary-adrenal (HPA) axis, which explains the symp-
toms of diarrhea and eatly satiety by the stimulation of
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Corticotrophin-releasing hormone (CRH) receptors and
(3) the val158met COMT polymorphism (single nucleo-
tide polymorphism in the COMT gene that encodes
Catechol-O-methyl-transferase), which is associated with
IBS-like symptoms. IBS patients tend to have a lower
frequency of the heterozygous val/met genotype, and
this genotype may be protective against IBS/IBS-like
symptoms. Moreovet, a higher frequency of the val/val

genotype is associated with diarrhea symptoms''”.

JOB, OCCUPATION AND PSYCHOLOGI-

CAL STRESS
A job is defined in the OECD Glossary of statistical

[20]

terms” ' as a set of tasks and duties executed, or meant
to be executed, by one person. Based on this descrip-
tion, an occupation is defined as a set of jobs whose
main tasks and duties are characterized by a high degree
of similarity. An occupational classification is a tool for
organizing all jobs in an establishment, an industry or a
country into a clearly defined set of groups according to
the tasks and duties undertaken in the job. The occupa-
tion classification is generally not based on health risk
factors. However, the concept of occupational health
has been well-defined since 1950, when the Interna-
tional Labour Organization (ILO) and the World Health
Organization (WHO) created a common definition
through the ILO/WHO Committee on Occupational
Health. The definition reads as follows: “Occupational
health should aim at the promotion and maintenance of
the highest degree of physical, mental and social well-
being of workers in all occupations...the placing and
maintenance of the worker in an occupational environ-
ment adapted to his (her) physiological and psychologi-
cal capabilities...”[zﬂ. In this definition, the mental well-
being and the psychological capabilities are mentioned;
moreover, the main focus of occupational health de-
scribes the promotion of a “positive social climate”. The
term health, in relation to work, indicates not merely
the absence of disease or infirmity but also includes the
physical and mental elements affecting health, which are
directly related to safety and hygiene at work™.

In 2001, the ILO published the ILO-OSH 2001
document titled “Guidelines on Occupational Safety
and Health Management Systems” to assist organiza-
tions introducing OSH management systems'™. Usually,
occupational health hazards are considered as physical,
chemical, biological and/or ergonomic factors; almost
everywhere, psychological factors, such as stress™! | are
not even mentioned. We consider that one of the main
reasons for minimizing psycho-social factors is because
the principles of occupational hygiene are the “recogni-
tion and/or identification” of occupational health haz-
ards, the “measurement” of the level or concentration
of such factors, the “evaluation” of the likelihood and
severity of harm and the “control strategies” available
to reduce or eliminate risks. Usually, recognition and
identification implies the obvious correlation between
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cause and effect, with the effect being associated with
physical illness or injury. In our case, psychological stress
has been recognized and correlated with physical effects
in many studies”™. Furthermore, the control strategies
(although a subjective topic) appear to be well known by
professionals and therefore are well-established”. The
measurement of levels or concentrations and the evalu-
ation of the likelihood and severity of the stress factors
are the most complicated factors to be studied quantita-
tively, and we consider these factors to be poorly estab-
lished aspects of the problem.

Despite the discussion above, stress, particularly oc-
cupational stress, has become one of the most serious
health issues in the modern world””. The concept of oc-
cupational stress can be observed as a natural extension
of the classical concept of stress introduced by Selye“J to
a specific form of human activity, namely work. Steers™
indicated that occupational stress has become an impor-
tant topic study of organizational behavior for several
reasons: (1) stress has harmful psychological and physi-
ological effects on employees; (2) stress is a major cause
of employee turnover and absenteeism; (3) stress expe-
rienced by one employee can affect the safety of other
employees and (4) by controlling dysfunctional stress,
individuals and organizations can be managed more
effectively. More recently, Beheshtifar and Modaber™
described five types of sources of occupational stress: (1)
causes intrinsic to the job, including factors such as poor
physical working conditions, work overload or time pres-
sures; (2) the role in the organization, including role am-
biguity and role conflict; (3) career development, includ-
ing lack of job security and undetr/over promotion; (4)
relationships at work, including poor relationships with
the boss or colleagues, an extreme component of which
is mobbing in the workplace; and (5) the organizational
structure and climate, including the experience of having
little involvement in decision-making and office politics.

The large diversity of stress factors, the complex-
ity of labour activities and the large number of worker
health-status levels make it very difficult to complete
an exhaustive review of the relationships among GIT
alterations, stress and occupational activity. Neverthe-
less, many delimited investigations have been performed
around these topics, mainly for specific activities, delim-
ited work places and/or specific groups of people. For
example, in a controlled study of lorry drivers, de Croon
et al™ investigated the result of specific job demands
on job stress (fatigue and job dissatisfaction), thereby
identifying the risk factors associated with the psycho-
social work environment to begin building an effective
stress-reducing strategy. Another study of telemarketers
directly addressed occupational stress by reporting the
P 1n
a non-specific occupational study of migrants in Spain,
Ronda et al™ reported the occupational health-risk dif-
ferences between local and foreign-born workers. These

prevalence of stressors affecting job performance

investigators listed what they called psychosocial factors,
of which most were identified with stressful work condi-
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tions. Based on the self-reported exposure, this study re-
vealed a larger difference in females in non-service jobs;
although no specific attention was paid to psychosocial
factors, the prevalence of exposure to occupational risk
factors appeared to be, on average, higher for migrants.
The same research group in Spain searched for risk fac-
tors during pregnancy using self-reports, which ate the
predominant method to report psychosocial risks. The
results of these investigations revealed that the preva-
lence of the psychosocial risks was, on average, higher
than any other chemical, physical or biological factors™
Several researchers studied the psychological stress
in a specific pathology, for example, in diabetes. Golmo-
hammadi ef al™" investigated the occupational stress in
diabetic workers from Iran and found that the type of
occupation was not an important factor in psychological
stress, although a difference was evident in the patients
compared with the control group. The researchers con-
cluded that occupational stress may be a risk factor in
the development of diabetes. Specific studies address-
ing jobs identified as stressful have been conducted.
Examples of this type of work are the study of stress-
factor risks in nurses from England” or in psychiatric
nurses (Ze., a job with more exposure to psychological
risks) in ]apanm. Other stressful jobs are those related to
the army and security services. Martins ef al’" studied the
military hierarchy in peace times in the Brazilian Army,
finding correlations with common mental disorders.
Berg et al™ studied security service workers, focusing
on personality, anxiety and depression. Another type of
occupation considered stressful is the mental health pro-
fession™*. These professionals, similar to other workers
exposed to long-term occupational stress, often expeti-
ence the stage known as burnout. According to Selye’s
definition, if stress is associated with adaptation, then
occupational stress should be identified conceptually
with a temporary adaptation to work that is associated
with psychological and physical symptoms. The long-
term process of adaptation to certain jobs yields chronic
physical and psychological symptoms. The final stage in
a breakdown during this adaptation is known as burnout
and is caused by prolonged occupational stress”*". In
1982, Belcastro!"! stated that several somatic complaints
have been suggested to be associated with burnout, in-
cluding gastrointestinal disturbances, nausea and loss of
weight, which are some of the most common symptoms.
The author suggested that specific illnesses appear to be
associated with burnout, including colitis, gastrointestinal
problems and drug and alcohol addiction, among oth-
ers. Developed countries face different challenges than
do non-developed countries, specifically, economic™
and cultural differences, which have been considered in
stress research™. Nonetheless, it is difficult to desctibe
the occupational psychological-stress classifications,
levels, exposure durations, exposure limits, sensitivity,
efe. Therefore, in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we focus on occupational stress in gen-
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eral, assessed in any manner. Additionally, we focus on
specific GIT problems in any worker group, but mainly
in those groups dedicated to some jobs well-identified as
stressful.

TYPE OF JOB, STRESS AND GIT ALTER-
ATIONS

Currently, gastric ulcers are identified as an extremely

common chronic disease in working-age adults. The first
description of an association between stress and peptic
ulcer disease was in men with supervisory jobs; these
individuals had a higher ulcer prevalence than executives
ot artisans. Cobb and Rose* found that air traffic con-
trollers, particularly those individuals with higher stress
levels in their workplace, were almost twice as likely to
have ulcers than the civilian copilots. Hui ez al* noted
that the numbers of positive and negative life events
were similar in both subjects with dyspepsia and control
subjects, but the former had a higher negative perception
of major life events and daily stresses. Police officers’
work-stress reactions have been classified as physiologi-
cal, emotional and behavioral reactions'™. Physiological
reactions have been termed as having a higher-than-
normal probability of death from certain illnesses; after
cardiovascular problems, stomach problems are the most
frequent. Changing work shifts has also been associated
with changes in the digestive system, circadian rhythm
and other bodily reactions. Angollam studied 229 po-
lice officers (163 males and 66 females) who answered
a questionnaire consisting of five parts: demographics,
external and internal work environments, coping mecha-
nisms and symptoms. This investigator found that police
work is highly stressful, and the highest rated symptoms
were as follows: feeling a lack of energy, loss of personal
enjoyment, increased appetite, feeling depressed, trouble
concentrating, feeling restless, nervousness and indiges-
tion. Satija ez al™" evaluated 150 professional workers
(100 males and 50 females) who self-completed the
Emotional Intelligence and Occupational Stress Scale.
The authors’ findings demonstrated a negative correla-
tion between emotional intelligence and occupational
stress; those professionals with a high score in overall
emotional intelligence suffered less stress. Shigemi ez al®
evaluated 585 employees (296 males and 289 females),
all of whom were working at a middle-sized company in
Japan. A self-administered questionnaire about smoking
habits and perceived job stress was administered, and the
patients were followed for two years. In addition, previ-
ous or current gastric or duodenal ulcers were evaluated.
The researchers found 32 incidences of peptic ulcers
over the two years, and the risk ratio (RR) was 2.13
(95%CI: 1.09-4.16) between job stress and peptic ulcers.
Susheela ¢ ai*”" evaluated 462 smelter workers, 60 super-
visors working in the smelter unit and 62 non-smelter
workers (control group). The participants’ state of
health and gastrointestinal complaints were recorded and
included the following symptoms: nausea/loss of ap-
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petite, gas formation, pain in the stomach, constipation,
diarrhea (intermittent) and headaches. The researchers
found that the total number of complaints reported by
the study groups was significantly higher than in the
control group. The prevalence of gastrointestinal com-
plaints in the smelter workers was significantly higher
(P < 0.001) than in the non-smelter workers (control
group). In 2006, Nakadaira ez o/ investigated the ef-
fects of tanshin funin (Ze., working far from one’s home-
town and therefore far from one’s family) on the health
of married male workers. A prospective study using
the pair-matched method was performed in 129 mar-
ried male tanshin funin workers who were 40-50 years
of age. Matched workers living with their families also
participated. These researchers demonstrated that fewer
tanshin funin workers ate breakfast every day. Moreover,
these workers more frequently suffered from stress due
to daily chores and from stress-related health problems,
namely, headache and gastric/duodenal ulcers (21% and
2.4%, respectively). The levels of gamma-glutamyl-trans-
peptidase in workers reluctant to work under tanshin
funin conditions and in workers who spent less than two
years in tanshin funin conditions increased significantly,
although the corresponding levels in the matched regular
workers did not exhibit significant changes. The inves-
tigators concluded that abrupt changes in lifestyle and
elevated mental stress were thus important effects of
tanshin funin.

Although jobs and occupations are considered a risk
factor for stress and morbidity for gastric and duodenal
DI there are studies that report discrepancies.
For example, Westerling ez al™" evaluated the socioeco-

ulcers

nomic differences in avoidable mortality in a Swedish
population from 1986 to 1990. Using the population of
21- to 64-year-old individuals, the researchers performed
analyses for different socioeconomic groups [blue-collar
workers (BCWs), white-collar workers (WCWs) and the
self-employed] and for individuals outside the labor mar-
ket. The researchers demonstrated that the largest differ-
ences were found in ulcers of the stomach and duode-
num, in addition to other symptoms. For these causes of
death, the risk of dying was between 3.1 and 7.5 times
greater in the non-working population than in the work-
force. The differences in avoidable mortality between
BCWs and WCWs and the self-employed were much
smaller. However, the death rate for ulcers of the stom-
ach and duodenum in BCWs was 2.8 times higher than
for other work categories. The GIT and mortality prob-
lems reported by Wesrterling e# a/°" used standardized
mortality ratios for the occupied population. The ratios
for malignant neoplasms of the large intestine, except
for the rectum, were 95 in BCWs and 104 in WCWs and
for malignant neoplasms in the rectum and rectum-sig-
moid junction were 103 and 100 for BCWs and WCWs,
respectively. However, for gastric and duodenal ulcers,
the investigators reported ratios of 163 and 59 for these
BCWs and WCWs, respectively. Moreover, the causes for
mortality reported for abdominal hernia, cholelithiasis
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and cholecystitis wete 127 and 86 for BCWs and WCWs,
respectively. However, the researchers suggested that,
as in most other studies, the follow-up period was short
and that the exposure data from earlier censuses would
be advantageous.

In Table 1, we summarize the international literature
regarding the GIT disorders most frequently reported
by workers experiencing job-related psychological stress
and other alterations in their affective states. In a cross-
sectional study with a population of 2237 subjects from
San Marino, Italy, Gasbarrini ez al”™ demonstrated that
the prevalence of Helicobacter pylori (H. pylori) was 51%;
this prevalence increased with age from 23% (20-29
years) to 68% (> 70 years) and was higher among man-
ual workers. In San Marino, there was a higher incidence
of clinically relevant gastroduodenal diseases, such as
peptic ulcer and gastric cancer (25 of 10000 and 8 of
10000 in 1990, respectively). With respect to Italy and
other European countries, Gasbarrini ¢z a/™ demonstrat-
ed that H. pylori infections tended to be more frequent
among BCWs (P < 0.001), especially those doing manual
work (miners 78%, road sweepers 65%, plumbers/paint-
ers 61%, housekeepers 60% and cooks 58%) compared
with WCWs (physicians 15%, clerks 21%, secretaries
37%, nurses 38%, general managers and lawyers 38%,
teachers 39% and shop workers 50%). A high preva-
lence of infection was also noted among social workers
(74%). The researchers concluded that social workers
with a high educational standard had a higher rate of
seropositivity to H. pylori (74%) than did subjects with
a similar socioeconomic status but a different type of
job, thereby emphasizing the relevance of direct person-
to-person spread of the infection. This result was also
recently demonstrated in nurses and in cohabiting chil-
dren. These findings suggest that poor hygienic stan-
dards and a low socioeconomic status (which frequently
reflects the former) are important factors for acquiring
H. pylori during the first years of life, thereby confirming
previous findings regarding the differences between de-
veloped and developing countries and the importance of
overcrowding and close person-to-person contact during
childhood.

In 2009, Lin ef /™ investigated 289 call-center work-
ers (mean age of 33.6 years) to investigate how these
workers perceived their job stress and health status and
the relationships among inbound (incoming calls) ver-
sus outbound (outgoing calls) workers in a Taiwanese
bank. Data were obtained on individual factors, health
complaints, perceived job stress levels and major job
stressors (using the 22-item Job Content Questionnaire,
C-JCQ). For inbound services, operators handled ap-
proximately 120 to 150 calls during each 8 h per day.
Outbound operators were primarily responsible for sales
and handled approximately 120 calls daily. The subjects
completed the self-administered questionnaires during
their leisure time (taking between 15 and 20 min). The
results demonstrated that 33.5% of outbound service-
call center workers and 27.1% of inbound service-call
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Table 1 Summary of the international literature on the gastrointestinal tract disorders most frequently reported by workers experi-

encing job-related psychological stress and other alterations in their affective states

GIT alteration Ref. Study/procedure Conclusions

Generalized GIT Konturek et al!  Impact of stress on the GIT. The study addresses The exposure to stress is the major risk factor in the patho-
disturbances/IBS the role of stress in the pathophysiology of the genesis of various GIT diseases.
most common GIT diseases.

Bhatia et al® Association between stress and various GIT pa- The mind directly influences the gut. The enteric nervous
thologies. system is connected bidirectionally to the brain by the para-
sympathetic and sympathetic pathways, forming the brain-
gut axis.

Karling et al™  Pre- and post-dexamethasone morning serum There is a relationship between mood alterations (anxiety/
cortisol levels were analyzed in 124 subjects with depression) and IBS-like symptoms in patients with unipolar
symptoms of IBS. depression, in patients with IBS and in a sample of the nor-

mal population.
Karling et al"  In total, 867 subjects representative of the general There is an association between the val/val genotype of the

population and 70 patients with IBS were geno- vall58met COMT gene and IBS and with the specific IBS-
typed for the vall58met polymorphism. The IBS related bowel pattern in IBS patients.
patients completed the Hospital Anxiety and De-

pression Scale questionnaire.
Estimation of the relationship between teachers’ Several somatic complaints have been suggested to be asso-
somatic complaints and illnesses and their self- ciated with burnout.

Belcastro et al™"

reported job-related stresses. Stress group: teach-
ers
Hui et al™ Perception of life events and the role of daily "has- Patients with non-ulcer dyspepsia have a higher negative
sles" (stressful events) in 33 dyspeptic patients vs perception of major life events than controls. Psychological
33 controls of comparable sex, age and social class. factors may play a role in the pathogenesis of non-ulcer dys-
pepsia.

") Empirical study of police-work stress, symptoms Police duties are highly stressful. The highest rated symp-

Angolla et a
and coping strategies among police service work- toms were as follows: feeling a lack of energy, loss of person-
ers in Botswana measured by a questionnaire. al enjoyment, increased appetite, feeling depressed, trouble
Sample size n = 229 (163 males and 66 females). concentrating, feeling restless, nervousness and indigestion.

Stress group: the Botswana Police Service.

Ulcers Alp et al™ Comparative study using a neuroticism-scale People with a past history of chronic gastric ulcers have an
questionnaire administered to 181 patients with increased incidence of domestic and financial stress com-
previously diagnosed gastric ulcers and 181 pared with age- and sex-matched individuals with no previ-
controls without any previous history of gastric ous history of gastric ulcers.

ulcers.
Cobb et al™! Review of aeromedical certification examinations Air traffic controllers were almost twice as likely to have
of 4325 traffic controllers and 8435 second-class stomach ulcers as civilian copilots .
aviators. Stress group: air traffic controllers.

Shigemi et al*!  Two-year study to examine the role of perceived These results suggest that specific and perceived job stress is

job stress on the relationship between smoking an effect modifier in the relationship between the history of
and peptic ulcers. peptic ulcers and smoking.
Nakadaira et al®  Effects of working far from family on the health of The tanshin funin workers had higher rates of missing

129 married male workers (40-50 yr of age) com- breakfast, stress due to daily chores and stress-related health

pared with the control group. problems (e.g., headache, gastric/duodenal ulcers and com-
mon colds/bronchitis).

1985 study of the Swedish population (21-64 yr The death rates for the non-workers were higher than for the

of age). Analyses of standardized mortality ra- workers. The largest differences were found for stomach and

Westerling et al”™

tios (avoidable mortality) of blue-collar workers, duodenal ulcers.
white-collar workers, self-employed workers, and
individuals outside the labor market. Stress group:
Unemployed individuals
Lin et al®™ 289 call center workers in Taiwan, 19 to 54 yr of Workers who perceived higher job stress had significantly
age. Health complaints, perceived level of job increased risks of multiple health problems, including hoarse
stress and major job stressors were considered. or sore throat, irritable stomach and peptic ulcers.
Stress group: call center workers.
Gastric motility Mawdsley et al”?  Review of recent advances in the understanding of The living-organism (human or animal) responds to emo-
alterations the pathogenic role of psychological stress in IBD, tional or physical threats. Psychological stress contributes to
with an emphasis on the necessity of investigating the risk of IBD relapse.
the therapeutic potential of stress reduction.
Huerta-Franco et al”’ Bioimpedance technique. In this study, 57 healthy Assessment of the changes in gastric motility induced by

women (40-60 yr of age) were analyzed. acute psychological stress.
Mai et al” Description or tracking of 238 experiments con- Emotions can cause bile reflux into the stomach and may
ducted over more than 10 yr on a young man delay gastric emptying.
(Beaumont) with digestive disorders.
Wolf et al® Description of the work of the French physiologist Inhibitory and excitatory effects of gastric secretory and mo-
Cabanis. tor function were described.
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Muth et al”

Electrogastrograms were recorded, and the inter- Acute stress can evoke arousal and dysrhythmic gastric

beat intervals were obtained from electrocar- myoelectrical activity. These acute changes, which occur in

diographic recordings from 20 subjects during healthy individuals, may provide insight into functional gas-

baseline and in response to a shock avoidance

trointestinal disorders.

task (shock stimulus) and forehead cooling (dive

stimulus).

GIT: Gastrointestinal tract; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; COMT: catechol-O-methyltransferase.

center workers were classified as suffering from high
stress, which was considerably higher than figures from a
wider survey of the working population in Taiwan (7.6%).
The researchers demonstrated a relationship between
the perceived job stress and health complaints, indicat-
ing that workers who perceived a higher job stress had a
significantly increased risk of multiple health problems
(OR ranging from 2.13 to 8.24), including an irritable
stomach and peptic ulcers [42% and 57% for inbound
and outbound operators, respectively (P < 0.05)]. For
example, the OR of irritable stomach and peptic ulcers
when the stress was moderate (Z.e., sometimes feeling
extremely stressed at work) was 3.03 (95%CI: 1.40-6.55)
and when the stress was high (ie., often or always feeling
extremely stressed at work) was 8.24 (95%Cl: 3.56-19.09).
The researchers concluded that there is an association
between the perceived job stress and health complaints,
as workers who petceived a high level of job stress had
significantly increased risks of irritable stomach and
peptic ulcers.

In 2011, Nabavizadeh™ demonstrated that physical
and psychological stress increase gastric acid and pepsin
sectetions possibly by raising the gastric tissue nitric ox-
ide level. In return, the increased gastric acid and pepsin
secretions cause necrotic and inflammatory changes in
the gastric and duodenal tissue.

STRESS IN THE PATHOPHYSIOLOGY OF
GASTROINTESTINAL ALTERATIONS

Currently, many adults die from diseases caused by the
relationship between stress, moods and vital organs;

among these diseases, GIT has become a major clinical
problem. Stress is an acute threat to the homeostasis of
an organism, either physically or psychologically. A num-
ber of studies have shown that stress can delay gastric
emptying, impair gastro-duodenal motility"”, modify gas-
tric secretions”™ and pancreatic output and alter intesti-
nal transit and colonic motility. Owing to its considerable
effects on physiological and pathophysiological processes
of gastrointestinal (GI) motility, stress is thought to play
an important role in the development, maintenance and
exacerbation of symptoms related to functional GI dis-
orders. To analyze the effects of occupational stress on
GIT function, it is important to have an understanding
of the physiology of GIT motility and emptying. Similar
to almost every other system, the physiological processes
that occur in the GIT are wide-ranging; the major func-
tion of the GIT includes swallowing, motility, emptying
(of every section), assimilation and elimination. Motility
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enables swallowing, transit, emptying and elimination,
and all these functions are essential for proper assimi-
lation®. Beginning with swallowing and ending with
elimination, motility is required for GIT function””*.
Two variables related to GIT motility are particulatly
important: (1) peristalsis, which is a function of the
frequency and magnitude of the gastric contractions
that are generated by the pacemaker area and (2) gastric
emptying, which is a measure of the average time the
stomach takes to empty half of its luminal content. The
ANS regulates GIT motility, controlling peristaltic activ-
ity through the myenteric system” " (Figure 1). In fact,
alterations in GIT motility are frequently viewed as signs
of neuropathy of the myenteric plexus or other patholo-
gies of neuropathic origin. Abnormal gastric emptying
is considered a clinical marker for a gastric or intestinal
motility disorder®?. Quigley and other researchers have
found a relationship between stress and delayed gastric
emptying or other motor disturbances® . This factor
is understood by analyzing how the human body reacts
defensively when threatened by the environment and
when attempting to achieve both physical and psycho-
logical balance. However, activation of these adaptive
or allostatic systems can become maladaptive because
of frequent, chronic or excessive stress and can cause a
predisposition to disease”™. This explanation leads to the
concept of brain-gut interaction described by Mawds-
ley and Ramptonm. These authors mentioned that, to
maintain homeostasis, a living organism must constantly
adapt to environmental alterations at a molecular, cel-
lular, physiological and behavioral level. As presented in
Figure 1, these investigators hypothesized that exposure
to psychological stress causes alterations of the brain-gut
interactions (brain-gut axis), ultimately leading to the de-
velopment of a broad array of GIT disorders, including
inflammatory bowel disease, irritable bowel syndrome,
other functional GIT diseases, food antigen-related ad-
verse responses, peptic ulcers and gastro-esophageal re-
flux disease (GERD)"*"\. For instance, IBS is presumed
to be a disorder of the brain-gut link associated with an
exaggerated response to stress' .

More recently, relative importance has been ascribed
to the hypothesis that emotional and environmental
states in females play an important role in the genesis of
IBS”. This hypothesis has been proved by demonstrat-
ing that, worldwide, women present the highest preva-
lence of physical and psychological symptoms compared
with males”. Men may be more apt to experience stress
due to unfamiliar house chores than women, and women
are more likely to experience occupational stress than
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Figure 1 Representation of the hypothetical mechanism by which occupational stress produces gastrointestinal tract alterations in workers. Stress during
job development (see occupational stress) generates a response of the network integrated by the hypothalamus (paraventricular nucleus), amygdala and periaque-
ductal grey. These brain regions receive input from visceral and somatic afferents and from the medial prefrontal cortex (PFC) and the anterior cingulated (ACC) and
insular cortices (Insular C). In turn, output from this integrated network to the pituitary and ponto-medullary nuclei (PMN) mediates the neuroendocrine and autonomic
responses in the body. The final output of this central stress circuitry is called the emotional motor system and includes the autonomic neurotransmitters norepineph-
rine and epinephrine and neuroendocrine (hypothalamus-pituitary-adrenal axis, HPA) and pain modulatory systems. PVN: Paraventricular nucleus; PAG: Periaque-
ductal grey; GIT: Gastrointestinal tract; ACTH: Adrenocorticotropic hormone; CRH: Corticotrophin-releasing hormone; ANS: Autonomic nervous system.

men™. The emotions and stress experienced by workers and gut, leading these systems to act defensively to real
(Figure 1) play an important role in exaggerated gut re- or imaginary threats.
sponses. Stress affects the relationship between the brain In Figure 1, we present the pathophysiological mech-
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anism by which stress has been proposed to produce
GIT alterations in workers. The workers’ responses to
stress are generated by a network comprising integrated
brain structures, particularly sub-regions of the hypo-
thalamus (paraventricular nucleus), amygdala and peri-
aqueductal grey. These brain regions receive input from
visceral and somatic afferents and from cortical regions,
including the medial prefrontal cortex and sub-regions
of the anterior cingulated and insular cortices. In turn,
output from this integrated network to the pituitary and
ponto-medullary nuclei mediates the neuroendocrine and
autonomic responses in the body“’m’w]. The final output
of this central stress citcuitry is called the emotionalmo-
torsystem and includes the autonomic neurotransmitters
norepinephrine and epinephrine, the neuroendocrine
HPA axis and the pain modulatory systems. This circuit
is under feedback control by serotonergic neurons from
the raphe nuclei and noradrenergic neurons from the lo-
cus coeruleus’.

The neuroendocrine response to stress is mediated
by corticotropin-releasing hormone (CRH). In the brain-
gut-axis, CRH is considered a major mediator of the
stress response. Particularly, the stress-related activation
of CRH receptors has been reported to produce altera-
tions in GIT function. Physical and psychological stress
delays gastric emptying, accelerates colonic transit and
evokes colonic motility in rats. Accelerated colonic mo-
tor function can be produced by the central or peripheral
administration of CRH and is blocked by treatment with
a variety of CRH antagonists. In a clinical trial, Sagami
et a/* administrated a non-selective CRH antagonist (10
ug/kg of ahCRH) to 10 IBS patients and 10 healthy
controls. The researchers demonstrated that the periph-
eral administration of ahCRH improved GIT motility,
visceral perception and negative moods in response to
gut stimulation, without affecting the HPA axis in IBS
patients. This response was significantly suppressed in
IBS patients but not in controls after the administration
of ohCRH™. IBS is considered a disorder of the brain-
gut-link. Psychological stress induces colonic segmental
contractions, which are exaggerated in IBS patients.
Similarly, the peripheral administration of CRH affects
colonic motility, induces abdominal symptoms and stim-
ulates adrenocorticotropic hormone (ACTH) secretion,
all of which are also exaggerated in IBS patientsm]. Two
CRH receptor subtypes, R1 and R2, have been suggested
to mediate increased colonic motor activity and slowed
gastric emptying, respectively, in response to stress'.

The genesis of gastric ulcers by stress was demon-
strated in the study of Saxena ef al™ who investigated
the gastro-protective effect of citalopram (an antidepres-
sant drug) both as a single dose pre-treatment and 14-d
repeated pre-treatment for animals exposed to cold re-
straint stress (CRS). The results revealed that the plasma
corticosterone level significantly increased in the stress
group compared with the control group. Furthermore,
mucosal ulceration, epithelial cell loss and a ruptured
gastric mucosal layer at the ulcer site were observed in
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the gastric mucosa of rats exposed to CRS. Repeated
citalopram pretreatment decreased the CRS-induced en-
hancement in the corticosterone level. The researchers
also demonstrated that citalopram at doses of 5, 10 and
20 mg/kg significantly attenuated the CRS-induced gas-
tric mucosal lesions.

In summary, gastric ulcers are identified as an ex-
tremely common chronic disease in working-age adults.
In workers, the combination of personality patterns (e.g.,
anxiety and depression), stress and negative emotions
significantly contribute to GIT alterations. Particular jobs
that produce privation, fatigue or chronic mental anxiety
and a long past history of tension, frustration, resent-
ment, psychological disturbance or emotional conflict
lead to gastric ulcers (eg., in traffic controllers, police of-
ficers, smelter workers, tanshin funin workers, health pro-
fessionals and manual workers). Irritable bowel syndrome
and functional dyspepsia also exhibit significant co-mot-
bidities between mood alterations in wotkers (.e., anxiety
and depression). Workers with unipolar depression were
shown to be more prone to present IBS-like symptoms.
Moreover, three systems are known to participate in the
mechanism of GIT alterations in workers: (1) the sympa-
thetic ANS, (2) the HPA axis and (3) genetic factors.

Subjective evaluations of stress (mainly self-reported)
are extremely common in the clinic and in research.
However, much work must first be done to quantitatively
identify the psychological stress (ze., the occupational
stress level in this case), considering the particularity
of each worker (i.c., the general health, the social and
physical adaptation capacity and the physical and psy-
chological vulnerability). The unique demands of each
occupation require unique profiles of each worker. It
is essential to train workers not only in specific skills
but also in human and social aspects that include stress
control strategies. Although the word “stress” has been
included in our everyday language (even in research),
the term continues to be a vague concept, even with the
clear definition coined in 1936 by Selye.

REFERENCES

1  Selye H. A syndrome produced by diverse nocuous agents.
1936. ] Neuropsychiatry Clin Neurosci 1998; 10: 230-231 [PMID:
9722327]

2 Mawdsley JE, Rampton DS. Psychological stress in IBD:
new insights into pathogenic and therapeutic implications.
Gut 2005; 54: 1481-1491 [PMID: 16162953 DOI: 10.1136/
gut.2005.064261]

3 Huerta-Franco MR, Vargas-Luna M, Montes-Frausto JB,
Morales-Mata I, Ramirez-Padilla L. Effect of psychologi-
cal stress on gastric motility assessed by electrical bio-
impedance. World | Gastroenterol 2012; 18: 5027-5033 [PMID:
23049210 DOI: 10.3748/wjg.v18.i36.5027]

4 Konturek PC, Brzozowski T, Konturek SJ. Stress and the
gut: pathophysiology, clinical consequences, diagnostic ap-
proach and treatment options. ] Physiol Pharmacol 2011; 62:
591-599 [PMID: 22314561]

5 Bhatia V, Tandon RK. Stress and the gastrointestinal tract. |
Gastroenterol Hepatol 2005; 20: 332-339 [PMID: 15740474 DOI:
10.1111/j.1440-1746.2004.03508.x]

November 15, 2013 | Volume 4 | Issue4 |



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Blix E, Perski A, Berglund H, Savic I. Long-term occupa-
tional stress is associated with regional reductions in brain
tissue volumes. PLoS One 2013; 8: e64065 [PMID: 23776438
DOI: 10.1371/journal.pone.0064065]

Mai FM. Beaumont’s contribution to gastric psychophysiol-
ogy: a reappraisal. Can | Psychiatry 1988; 33: 650-653 [PMID:
3058293]

Wolf S. The stomach’s link to the brain. Fed Proc 1985; 44:
2889-2893 [PMID: 2865172]

Muth ER, Koch KL, Stern RM, Thayer JF. Effect of autonom-
ic nervous system manipulations on gastric myoelectrical
activity and emotional responses in healthy human subjects.
Psychosom Med 1999; 61: 297-303 [PMID: 10367609]
Huerta-Franco MR, Vargas-Luna M, Montes-Frausto ]B,
Flores-Hernandez C, Morales-Mata I. Electrical bioimped-
ance and other techniques for gastric emptying and motility
evaluation. World | Gastrointest Pathophysiol 2012; 3: 10-18
[PMID: 22368782 DOI: 10.4291/ wjgp.v3.i1.10]

Alp MH, Court JH, Grant AK. Personality pattern and
emotional stress in the genesis of gastric ulcer. Gut 1970; 11:
773-777 [PMID: 5473609 DOI: 10.1136/ gut.11.9.773]

Brinton W. Lectures on the Diseases of the Stomach. 2nd ed.
Philadelphia: Lea & Blanchard, 1865

Alexander F. Psychosomatic medicine: its principles and
applications. New York: Norton, 1950

Hgjer-Pedersen W. On the significance of psychic factors in
the development of peptic ulcer; a comparative personality in-
vestigation in male duodenal ulcer-patients and controls. Acta
Psychiatr Neurol Scand Suppl 1958; 119: 1-232 [PMID:13532963]
Davies DT, Wilson ATM. Observations of the life history of
chronic peptic ulcer. The Lancet 1937; 230: 1353-1360 [DOI:
10.1016/5S0140-6736(00)88967-9]

JONES FA. Clinical and social problems of peptic ulcer. Br
Med ] 1957; 1: 719-723; contd [PMID: 13404283 DOI: 10.1136/
bm;j.1.5021.719]

O'Malley D, Quigley EM, Dinan TG, Cryan JF. Do interac-
tions between stress and immune responses lead to symp-
tom exacerbations in irritable bowel syndrome? Brain Behav
Immun 2011; 25: 1333-1341 [PMID: 21536124 DOI: 10.1016/
j-bbi.2011.04.009]

Karling P, Norrback KF, Adolfsson R, Danielsson A. Gas-
trointestinal symptoms are associated with hypothalamic-
pituitary-adrenal axis suppression in healthy individuals.
Scand ] Gastroenterol 2007; 42: 1294-1301 [PMID: 17852841
DOI: 10.1080/00365520701395945]

Karling P, Danielsson A, Wikgren M, Soderstrom I, Del-
Favero ], Adolfsson R, Norrback KF. The relationship be-
tween the vall58met catechol-O-methyltransferase (COMT)
polymorphism and irritable bowel syndrome. PLoS One
2011; 6: €18035 [PMID: 21437260 DOI: 10.1371/journal.
pone.0018035]

International Labour Office. Structure, group definitions
and correspondence tables. In: International standard clas-
sification of occupations: ISCO-08. Geneva: International
Labour Office, 2012: 1-420

Lee PCB. Going beyond career plateau: Using professional
plateau to account for work outcomes. JMD 2003; 22: 538-551
International Labour Organization. Occupational safety
and health convention: C155. 1981. Cited 2013-02-15.
Available from: URL: http:/ /www.ilo.org/dyn/norm-
lex/en/f?p=1000:12100:0::NO::P12100_INSTRUMENT_ID:
312300#A1

International Labour Office. Guidelines on occupational
safety and health management systems: ILO-OSH 2001. Ge-
neva: International Labour Office, 2001

Huang D, Zhang J, Liu M. Application of a health risk clas-
sification method to assessing occupational hazard in China.
In: Proceedings of the 3rd International Conference on
Bioinformatics and Biomedical Engineering; 2009 Jun 11-13;
Bejing: ICBBE, 2009: 1-5

(49

A
JBaishideng®

WJGP | www.wjgnet.com

Huerta-Franco MR et a/. Occupational stress and the GIT

117

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Rostamkhani F, Zardooz H, Zahediasl S, Farrokhi B. Com-
parison of the effects of acute and chronic psychological
stress on metabolic features in rats. | Zhejiang Univ Sci B 2012;
13: 904-912 [PMID: 23125083 DOI: 10.1631/jzus.B1100383]
Pereira MA, Barbosa MA. Teaching strategies for coping with
stress--the perceptions of medical students. BMC Med Educ
2013; 13: 50 [PMID: 23565944 DOI: 10.1186/1472-6920-13-50]
Lee PCB. Going beyond career plateau: using professional
plateau to account for work outcomes. | Manag Dev 2003; 22:
538-551 [DOI: 10.1108/02621710310478503]

Steers RM. Introduction to organizational behavior. Glen-
view: Scott Foresman Publishing, 1981

Beheshtifar M, Modaber H. The investigation of relation
between occupational stress and career plateau. Interdisci-
plinary | Contemp Res Bus 2013; 4: 650-660

de Croon EM, Blonk RW, de Zwart BC, Frings-Dresen MH,
Broersen JP. Job stress, fatigue, and job dissatisfaction in
Dutch lorry drivers: towards an occupation specific model
of job demands and control. Occup Environ Med 2002; 59:
356-361 [PMID: 12040108 DOI: 10.1136/ 0em.59.6.356]
Santos AC, Vianna MI. Prevalence of stress reaction among
telemarketers and psychological aspects related to occupa-
tion. Epidemiol Comm Health 2011; 65: A416 [DOI: 10.1136/
jech.2011.1429760.29]

Ronda E, Agudelo-Sudrez AA, Garcia AM, Lépez-Jacob M],
Ruiz-Frutos C, Benavides FG. Differences in exposure to
occupational health risks in Spanish and foreign-born work-
ers in Spain (ITSAL Project). | Immigr Minor Health 2013; 15:
164-171 [PMID: 22739799 DOI: 10.1007 /510903-012-9664-9]
Garcia AM, Gonzélez-Galarzo MC, Ronda E, Ballester F,
Estarlich M, Guxens M, Lertxundia A, Martinez-Argiielles
B, Santa Marina L, Tardén A, Vrijheid M. Prevalence of
exposure to occupational risks during pregnancy in Spain.
Int ] Public Health 2012; 57: 817-826 [PMID: 22760548 DOI:
10.1007/s00038-012-0384-7]

Golmohammadi R, Abdulrahman B. Relationship between
occupational stress and non-insulin-dependent diabetes in
different occupation in Hamadan (West of Iran). | Med Sci
2006; 6: 241-244 [DOI: 10.3923 /jms.2006.241.244]

Mark G, Smith AP. Occupational stress, job characteris-
tics, coping, and the mental health of nurses. Br | Health
Psychol 2012; 17: 505-521 [PMID: 22107162 DOI: 10.1111/
j.2044-8287.2011.02051.x]

Leka S, Hassard ], Yanagida A. Investigating the impact
of psychosocial risks and occupational stress on psychiat-
ric hospital nurses” mental well-being in Japan. | Psychiatr
Ment Health Nurs 2012; 19: 123-131 [PMID: 22070548 DOI:
10.1111/.1365-2850.2011.01764.x]

Martins LC, Lopes CS. Military hierarchy, job stress and
mental health in peacetime. Occup Med (Lond) 2012; 62:
182-187 [PMID: 22402895 DOI: 10.1093/ occmed / kqs006]
Berg AM, Hem E, Lau B, Ekeberg . An exploration of job
stress and health in the Norwegian police service: a cross
sectional study. | Occup Med Toxicol 2006; 1: 26 [PMID:
17156489 DOI: 10.1186/1745-6673-1-26]

Lasalvia A, Tansella M. Occupational stress and job burn-
out in mental health. Epidemiol Psychiatr Sci 2011; 20: 279-285
[PMID: 22201203 DOI: 10.1017/52045796011000576]

Rossler W. Stress, burnout, and job dissatisfaction in mental
health workers. Eur Arch Psychiatry Clin Neurosci 2012; 262 Sup-
pl 2: S65-569 [PMID: 22926058 DOI: 10.1007/s00406-012-0353-4]
Belcastro PA. Burnout and its relationship to teachers’
somatic complaints and illnesses. Psychol Rep 1982; 50:
1045-1046 [PMID: 7111569 DOI: 10.2466/ pr0.1982.50.3¢.1045]
Haq Z, Igbal Z, Rahman A. Job stress among community
health workers: a multi-method study from Pakistan.
Int | Ment Health Syst 2008; 2: 15 [PMID: 18954470 DOI:
10.1186/1752-4458-2-15]

Taylor SE, Welch WT, Kim HS, Sherman DK. Cultural dif-
ferences in the impact of social support on psychological

November 15, 2013 | Volume 4 | Issue4 |



44

45

46

47

48

49

50

51

52

53

54

55

56

57

Huerta-Franco MR et a/. Occupational stress and the GIT

and biological stress responses. Psychol Sci 2007; 18: 831-837
[PMID: 17760781 DOI: 10.1111/j.1467-9280.2007.01987.x]
Cobb S, Rose RM. Hypertension, peptic ulcer, and diabetes
in air traffic controllers. JAMA 1973; 224: 489-492 [PMID:
4739607 DOI: 10.1001/jama.1973.03220170019004]

Hui WM, Shiu LP, Lam SK. The perception of life events
and daily stress in nonulcer dyspepsia. Am | Gastroenterol
1991; 86: 292-296 [PMID: 1998310]

Angolla EJ. Occupational Stress among police officers: the
case of Botswana Police Service. | Bus Manag 2009; 3: 25-35
[DOI: 10.3923/1jbm.2009.25.35]

Satija S, Khan W. Emotional intelligence as predictor of occupa-
tional Stress among working Professionals. Prin. LN Welingkar
Institute of Management Development & Research 2013; 15: 79-97
Shigemi J, Mino Y, Tsuda T. The role of perceived job stress
in the relationship between smoking and the development
of peptic ulcers. | Epidemiol 1999; 9: 320-326 [PMID: 10616265
DOI: 10.2188/jea.9.320]

Susheela AK, Mondal NK, Singh A. Exposure to fluoride in
smelter workers in a primary aluminum industry in India.
Int | Occup Environ Med 2013; 4: 61-72 [PMID: 23567531]
Nakadaira H, Yamamoto M, Matsubara T. Mental and phys-
ical effects of Tanshin funin, posting without family, on mar-
ried male workers in Japan. | Occup Health 2006; 48: 113-123
[PMID: 16612040 DOI: 10.1539/joh.48.113]

Westerling R, Gullberg A, Rosén M. Socioeconomic differences
in ‘avoidable’ mortality in Sweden 1986-1990. Int | Epidemiol
1996; 25: 560-567 [PMID: 8671557 DOI: 10.1093/ije/ 25.3.560]
Gasbarrini G, Pretolani S, Bonvicini F, Gatto MR, Tonelli E,
Mégraud F, Mayo K, Ghironzi G, Giulianelli G, Grassi M.
A population based study of Helicobacter pylori infection
in a European country: the San Marino Study. Relations
with gastrointestinal diseases. Gut 1995; 36: 838-844 [PMID:
7615270 DOI: 10.1136/ gut.36.6.838]

Lin YH, Chen CY, Hong WH, Lin YC. Perceived job stress
and health complaints at a bank call center: comparison be-
tween inbound and outbound services. Ind Health 2010; 48:
349-356 [PMID: 20562511 DOI: 10.2486/ indhealth.48.349]
Nabavizadeh F, Vahedian M, Sahraei H, Adeli S, Salimi E.
Physical and psychological stress have similar effects on
gastric acid and pepsin secretions in rat. | Stress Physiology
Biochem 2011; 7: 164-174

Huerta-Franco R, Vargas-Luna M, Hernandez E, Capac-
cione K, Cordova T. Use of short-term bio-impedance for
gastric motility assessment. Med Eng Phys 2009; 31: 770-774
[PMID: 19303803 DOI: 10.1016/j.medengphy.2009.02.008]
WENGER MA, ENGEL BT, CLEMENS TL, CULLEN TD.
Stomach motility in man as recorded by the magnetometer
method. Gastroenterology 1961; 41: 479-485 [PMID: 14006124]
Doglietto F, Prevedello DM, Jane JA, Han J, Laws ER. Brief
history of endoscopic transsphenoidal surgery--from Philipp
Bozzini to the First World Congress of Endoscopic Skull Base
Surgery. Neurosurg Focus 2005; 19: E3 [PMID: 16398480 DOI:
10.3171/foc.2005.19.6.4]

(49

A
JBaishideng®

WJGP | www.wjgnet.com

58

59

60

61

62

63

64

65

66

67

68

69

70

118

Janssen P, Vanden Berghe P, Verschueren S, Lehmann A,
Depoortere I, Tack J. Review article: the role of gastric motility
in the control of food intake. Aliment Pharmacol Ther 2011; 33:
880-894 [PMID: 21342212 DOI: 10.1111/j.1365-2036.2011.04609.x]
Sobreira LF, Zucoloto S, Garcia SB, Troncon LE. Effects of my-
enteric denervation on gastric epithelial cells and gastric emp-
tying. Dig Dis Sci 2002; 47: 2493-2499 [PMID: 12452385 DOI:
10.1023/A: ]

Quintana E, Hernandez C, Alvarez-Barrientos A, Esplugues
JV, Barrachina MD. Synthesis of nitric oxide in postgangli-
onic myenteric neurons during endotoxemia: implications
for gastric motor function in rats. FASEB | 2004; 18: 531-533
[PMID: 14715697]

Quigley EMM. Gastric motor and sensory function and mo-
tor disorders of the stomach. In: Feldman M, Friedman LS,
Sleisenger MH, editors. Gastrointestinal and liver disease.
7th ed. Philadelphia: W.B. Saunders, 2002: 691-713
Giouvanoudi A, Amaee WB, Sutton JA, Horton P, Morton R,
Hall W, Morgan L, Freedman MR, Spyrou NM. Physiologi-
cal interpretation of electrical impedance epigastrography
measurements. Physiol Meas 2003; 24: 45-55 [PMID: 12636186
DOI: 10.1088/0967-3334/24/1/304]

Quigley EM. Review article: gastric emptying in func-
tional gastrointestinal disorders. Aliment Pharmacol Ther
2004; 20 Suppl 7: 56-60 [PMID: 15521856 DOI: 10.1111/
j-1365-2036.2004.02186.x]

Stanghellini V, Malagelada JR, Zinsmeister AR, Go VL,
Kao PC. Stress-induced gastroduodenal motor disturbances
in humans: possible humoral mechanisms. Gastroenterology
1983; 85: 83-91 [PMID: 6303893]

Stanghellini V, Tosetti C, Paternico A, Barbara G, Morselli-
Labate AM, Monetti N, Marengo M, Corinaldesi R. Risk
indicators of delayed gastric emptying of solids in patients
with functional dyspepsia. Gastroenterology 1996; 110:
1036-1042 [PMID: 8612991 DOI: 10.1053]

Delvaux M. Role of visceral sensitivity in the pathophysi-
ology of irritable bowel syndrome. Gut 2002; 51 Suppl 1:
i67-i71 [PMID: 12077070 DOI: 10.1136/ gut.51.suppl.1.i67]
Huerta R, Brizuela-Gamifio OL. Interaction of pubertal sta-
tus, mood and self-esteem in adolescent girls. | Reprod Med
2002; 47: 217-225 [PMID: 11933687]

Sagami Y, Shimada Y, Tayama ], Nomura T, Satake M, Endo
Y, Shoji T, Karahashi K, Hongo M, Fukudo S. Effect of a corti-
cotropin releasing hormone receptor antagonist on colonic sen-
sory and motor function in patients with irritable bowel syn-
drome. Gut 2004; 53: 958-964 [PMID: 15194643 DOI: 10.1136/
gut.2003.018911]

Sagami Y, Hongo M. [The gastrointestinal motor function
in irritable bowel syndrome (IBS)]. Nihon Rinsho 2006; 64:
1441-1445 [PMID: 16898609]

Saxena B, Singh S. Investigations on gastroprotective effect of
citalopram, an antidepressant drug against stress and pyloric
ligation induced ulcers. Pharmacol Rep 2011; 63: 1413-1426
[PMID: 22358089]

P- Reviewer: Acuna-Castroviejo D
S- Editor: Zhai HH L- Editor: A E- Editor: Liu XM

November 15, 2013 | Volume 4 | Issue4 |



J G F

World Journal of
Gastrointestinal Pathophysiology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.4291/ wigp.v4.i4.119

World | Gastrointest Pathophysiol 2013 Novemebr 15; 4(4): 119-125

ISSN 2150-5330 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

MINIREVIEWS

Usefulness of percutaneous endoscopic gastrostomy for
supportive therapy of advanced aerodigestive cancer

Haruei Ogino, Hirotada Akiho

Haruei Ogino, Hirotada Akiho, Department of Gastroenterology,
Kitakyushu Municipal Medical Center, Kitakyushu 802-0077, Japan
Author contributions: Both authors contributed extensively to
this manuscript; Ogino H provided a significant editorial and
literature contribution; Akiho H provided literature-related com-
ments and review.

Correspondence to: Hirotada Akiho, MD, PhD, Department of
Gastroenterology, Kitakyushu Municipal Medical Center, 2-1-1
Bashaku, Kokura-kitaku, Kitakyushu 802-0077,

Japan. akiho@med.kyushu-u.ac.jp

Telephone: +81-93-5411831 Fax: +81-93-5338693

Received: June 10, 2013 Revised: September 6, 2013
Accepted: October 16, 2013

Published online: November 15, 2013

Abstract

Aerodigestive cancer, like esophageal cancer or head
and neck cancer, is well known to have a poor progno-
sis. It is often diagnosed in the late stages, with dys-
phagia being the major symptom. Insufficient nutrition
and lack of stimulation of the intestinal mucosa may
worsen immune compromise due to toxic side effects.
A poor nutritional status is a significant prognostic
factor for increased mortality. Therefore, it is most
important to optimize enteral nutrition in patients with
aerodigestive cancer before and during treatment, as
well as during palliative treatment. Percutaneous endo-
scopic gastrostomy (PEG) may be useful for nutritional
support. However, PEG tube placement is limited by
digestive tract stenosis and is an invasive endoscopic
procedure with a risk of complications. There are three
PEG techniques. The pull/push and introducer meth-
ods have been established as standard techniques for
PEG tube placement. The modified introducer method,
namely the direct method, allows for direct placement
of a larger button-bumper-type catheter device. PEG
tube placement using the introducer method or the
direct method may be a much safer alternative than
the pull/push method. PEG may be recommended in
patients with aerodigestive cancer because of the im-
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proved complication rate.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Aerodigestive cancer is well known to have a poor
prognosis and is often diagnosed in the late stages with
dysphagia. Insufficient nutrition and lack of stimulation of
the intestinal mucosa may worsen immune compromise.
Therefore, it is most important to optimize enteral nutrition
before and during treatment, as well as during palliative
treatment. Percutaneous endoscopic gastrostomy (PEG)
may be useful for nutritional support. PEG tube placement
using the introducer method or the direct method may be
a much safer alternative than the pull/push method. PEG
may be recommended in patients with aerodigestive can-
cer because of the improved complication rate.

Ogino H, Akiho H. Usefulness of percutaneous endoscopic gas-
trostomy for supportive therapy of advanced aerodigestive cancer.
World J Gastrointest Pathophysiol 2013; 4(4): 119-125 Available
from: URL: http://www.wjgnet.com/2150-5330/full/v4/i4/119.
htm DOI: http://dx.doi.org/10.4291/wjgp.v4.i4.119

INTRODUCTION

Tumors of the esophagus and gastroesophageal junc-
tion or head and neck are some of the most malignant
cancers with high mortality rates because many patients
are diagnosed in the advanced stagesm. Dysphagia, or
difficulty swallowing, is one of the most distressing and

debilitating symptoms. Dysphagia leads to nutritional
[2,3]

compromise and deterioration of quality of life
When the esophageal lumen becomes stenotic to less
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than 14 mm in diameter, dysphagia generally develops.
It first becomes difficult to swallow solid food. Next, it
becomes difficult to swallow semisolid food. Finally, flu-
ids and even saliva are difficult to swallow'" Patients de-
velop anorexia and significant weight loss secondary to
the tumor effects and may present with varying degrees
of malnutrition. A poor nutritional status is a significant
prognostic factor for increased mortality”,

Selection of therapy for aerodigestive cancer is de-
pendent upon the tumor stage, location and histologi-
cal type, and the physician’s experience and preference.
Therapeutic options include surgical resection of the pri-
mary tumot, chemotherapy and radiotherapy. Therapies
are sometimes combined, such as chemotherapy plus
surgery or chemotherapy and radiotherapy plus surgery.
Many of these patients find that their initial dysphagia
worsens during this treatment because of side effects
such as esophagitis and oral mucositis. Moreover, insuf-
ficient nutrition and lack of stimulation of the intestinal
mucosa may worsen immune compromise due to toxic
side effects'”. During these periods, it is most important
to optimize enteral nutrition. Early enteral nutrition
reduces the incidence of life-threatening surgical com-
plications in patients who undergo esophagectomy or
esophagogastrectomy for esophageal carcinoma ", Nu-
trition is administered through a transnasal feeding tube
for short-term feeding when oral intake is not possible.
When chemotherapy and/or radiotherapy are intended
to be curative, they frequently compromise oral intake
for a long period of time. Nasogastric tubes are easy to
place but they are pootly tolerated for prolonged petiods
of feeding. Percutaneous endoscopic gastrostomy (PEG)
may be one of the best options for nutritional support.

A majority of patients are destined to receive pallia-
tion only, which is associated with a severely impaired
health-related quality of life. These patients require pal-
liative treatment, including brachytherapy, chemotherapy
and endoscopic palliation techniques, such as esophageal
dilatation, intraluminal stents and laser therapy, to relieve
progressive dysphagia“z’m. The two most commonly
used strategies for improving swallowing are stent inser-
tion and radiation, including intraluminal brachytherapy.
They allow for an almost normal oral intake. Unfortu-
nately, some patients develop restenosis symptoms after
palliative therapy and some develop severe treatment-
related side effects such as mucositis from radiation
therapy. Stent insertion is difficult in some patients with
proximal esophageal cancers or head and neck cancers.
For these patients, PEG or nasal tubes may be the best
options for nutritional support.

PEG PROCEDURE

There are three PEG tube insertion methods. The pull/
push and introducer methods have been established
as standard techniques for PEG tube placement. In
the pull/push method, the feeding tube is introduced
through the mouth. In the introducer method, balloon-
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type catheter feeding tubes can be inserted directly into
the stomach through the abdominal wall. The third
method is the modified introducer method (i.e., direct
method). The direct method allows for direct placement
of a larger button-bumper-type catheter device. Use of
the direct method is spreading in Japan, but it is not yet
used worldwide'!, Each method has advantages and dis-

advantages.

Pull/push method

The pull/push PEG technique is based on the stan-
dard Ponsky technique in which a guidewire is inserted
through the abdominal wall under endoscopic guidance,
grasped by a snare through a port on the endoscope, and
subsequently advanced in a retrograde manner through
the patient’s mouth. The remaining end exits the patient
through the anterior abdominal wall. A 20-French Ross
Flexiflo Inverta-PEG tube (Abbott Laboratories, Co-
lumbus, OH) is then secured to the transoral end of the
patient’s mouth and abdominal wall by pulling the extra-

abdominal end of the wire to advance the gastrostomy
[15]
tube" ™.

Introducer method

The introducer PEG technique is based on the Russell
introducer method of PEG placement. After the endo-
scope is inserted and the PEG site is marked, four T-fas-
teners are placed before gastrostomy tube insertion to
secure the stomach to the anterior abdominal wall. This
prevents gastric wall displacement while inserting the
gastrostomy tube. Using the Seldinger technique, a short
guidewire is then passed transabdominally under endo-
scope visualization. Serial dilators are passed over the
guidewire to create a stoma tract; the endoscope remains
in place for visualization and verification of gastrostomy
tube placement. An 18-French Ross Flexiflo gastrostomy
tube (Abbott Laboratories) is then inserted or pushed
over the guidewire, directly through the anterior abdomi-

nal wall",

Direct method

The direct method is 2 modified version of the introduc-
er method (Direct Ideal PEG kit; Olympus Corp., To-
kyo, Japan). After the stomach is secured to the anterior
abdominal wall, the skin incision is dilated by passing a
dilator percutaneously into the stomach over the guide-
wire as the same as introducer method. After the dilator
is removed, a 24-French PEG tube is inserted using an
obturator"? (Figure 1).

OUTCOMES OF PEG

PEG in patients with aerodigestive cancer

PEG tube feeding is the preferred method with which to
provide long-term tube feeding and its use is currently
widespread. Many studies have examined the useful-
ness of PEG for aerodigestive cancer. A PEG tube was
inserted in patients with oral intake difficulties for the
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Figure 1 Direct method. A: The transilluminated area on the abdominal wall was pushed with a finger; B, C: The stomach was punctured using a double-lumen gastropexy
device; D: A needle with an outer plastic sheath (18-French) was introduced into the stomach under endoscopic control; E: The needle was removed and the guidewire was
replaced; F, G: The skin incision was dilated by passing a dilator percutaneously into the stomach over the guidewire under endoscopic visualization; H: After the dilator was
removed, a 24-French percutaneous endoscopic gastrostomy tube using an obturator was inserted over the guidewire; |: The tube was fixed to the abdominal wall.

purpose of nutrition support in all stages and locations,
including patients who had undergone chemotherapy
and chemoradiation therapy with curative intent""™.
Chemotherapy or chemoradiation therapy is frequently
associated with mucositis, dysphagia, loss of taste and
anorexia. Chemotherapy, chemoradiation therapy and
hyperfractionated radiation therapy are usually associ-
ated with even more severe treatment-related side effects
and greater impairment of swallowing function. These
treatments are long-term. Therefore, during these peri-
ods, PEG tube insertion may be one of the best options
for nutritional support if the complication and mortal-
ity rates of PEG are low. Nasogastric tubes are easy to
place but they are poorly tolerated for prolonged periods
of feeding because they are associated with frequent
ulceration, esophageal reflux and general discomfort.
PEG tubes are better tolerated but they must be used se-
lectively in patients who can be predicted to have a long-
term need for nutritional support™.

There are more reports of patients with head and
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neck cancer than patients with esophageal cancer. One
of the reasons is that in the operation planned in esoph-
ageal cancer patients, PEG may limit the reconstruction
of the stomach after esophagectomy because of the
adhesion of the stomach and the abdominal wall, or the
possibility of the injury for the right gastroepiploic ar-
tery which is needed in the reconstruction of the stom-
ach!"”. Another reason for this is that stent insertion and
brachytherapy are the first-choice palliative treatments
in patients with middle and low esophageal cancers in
many institutions. In terms of nutritional support, the
most important factor is maintenance of oral food in-
take, which should stabilize or even improve quality of
life. Dysphagia improves more rapidly after stent place-
ment">" and long-term relief of dysphagia is better
after brachytherapy”*. Therefore, stent placement may
be reserved for esophageal cancer patients with severe
dysphagia in combination with a short life expectancy
who need more rapid relief of dysphagia and for pa-
tients with persistent or recurrent tumor growth after
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Table 1 Comparison of the advantages and disadvantages of the pull, introducer and direct percutaneous endoscopic gastrostomy

placement methods

Advantages

Disadvantages

Pull method
catheter

Large-bore catheters can be used immediately after placement

Introducer method Adherence to aseptic technique guarantees low risk of wound

infection
Endoscope must be inserted only once

Direct PEG Kit
infection

Endoscope must be inserted only once

Adherence to aseptic technique guarantees low risk of wound

Bumper type device inside stomach prevents misplacement of Catheter may be contaminated during passage through mouth/

esophagus — Increased risk of wound infection and tumor implan-

tation
Endoscope must be inserted twice to confirm correct placement
Risk of bleeding and incorrect puncture with large trocar

Only small-lumen catheters can be used immediately after place-

ment
Catheter size must be increased step by step
High probability of catheter misplacement (if using balloon type)
Risk of bleeding

Small puncture needle and blunt dilator — small wound

One-step insertion of bumper type device

Large-bore catheters can be used immediately after placement

PEG: Percutaneous endoscopic gastrostomy.

brachytherapy[lz’m. When these modalities are technically

not possible, nutritional support with a nasoenteric feed-
ing tube or PEG tube should be considered to maintain
adequate calorie intake. Grilo ez al™ suggest that PEG
should be considered as a nutritional support method in
patients with upper esophageal cancer that is unsuitable
for esophageal stenting. For patients who suffer from
restenosis symptoms after palliative therapy or who have
proximal esophageal cancers or head and neck cancer,
PEG may be one of the best options for nutritional sup-
port.

Thus, depending on the treatment, disease and the
degree of stenosis, the following situations are indica-
tions for PEG. First, in aerodigestive cancer patients un-
dergoing chemotherapy or chemoradiation therapy who
are suffering from dysphagia, PEG is the first choice.
Stenosis, even if not severe, and if lesions atre located in
the upper esophagus or head and neck, is an indication
for PEG because difficult long-term oral intake is ex-
pected due to mucositis and esophagitis during the treat-
ment. Next, in the operation planned for head and neck
cancer patients, PEG is indicated because the stomach
is not used for reconstruction. Lastly, in palliative treat-
ment, patients with lesions of the upper esophagus or
head and neck with the difficulty of a stent are indica-
tions for PEG. In addition, PEG will be indicated in
patients in whom stenosis is severe even after palliative
radiation therapy or a stent (Figure 2).

However, studies on this topic have weaknesses typical
to retrospective studies. Nugent ez al¥ and Locher et al””
reported that there is insufficient evidence to determine
the optimal method of enteral feeding for patients with
head and neck cancer receiving radiotherapy and/or
chemoradiotherapy. Larger studies of enteral feeding in
patients with esophageal cancer are needed.

COMPLICATIONS

PEG tube placement is an invasive endoscopic proce-
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dure with a risk of complications. Minor complications
resulting from PEG tube placement include cellulitis,
ileus, peristomal leakage, extrusion, tube obstruction and
gastric wall hematoma formation. Major complications
include peritonitis, hemorrhage, airway aspiration, peris-
tomal wound infection, buried bumper syndrome, tumor
implantation and gastrocolic fistula™? (Table 1).

The major complications of the standard pull/push
method, which requires an esophageal lumen sufficient to
pass a standard endoscope[w], include peristomal wound
infections, presumably resulting from contamination of
the gastrostomy catheter as it passes through the oral
cavity"" and tumor implantation at the PEG site”™"”
which are specific for pull/push method in the aerodiges-
tive cancer patients. In the literature on patients with can-
cer, the overall complication and mortality rates of the
pull/push method in patients with head and neck cancer
are 10.9%-42.0% and 0%-5%, respectively!>"**"#%730,

An overall complication rate of 0%-11% and mortal-
ity rate of 0% have been reported with the introducer
method!">'%*"** compared with the pull/push method
in patients with aerodigestive cancer. In the pull/push
method, one reason for the high complication rate may
be that it is necessaty to dilate the lumen before treat-
ment when the stenosis caused by the tumor is severe. In
many aerodigestive cancer patients, PEG tube placement
by pull/push method can be limited by digestive tract
stenosis. PEG tube placement using an introducer is the
safest alternative in this group of patients but use of the
available devices is difficult to implement.

In the past, the introducer technique was technically
more demanding and associated with a lower success
rate. This problem was solved by the use of T-fasteners
to secure the anterior stomach to the abdominal wall™*",
Therefore, recent data on the introducer method using
T-fasteners show low complication rates of less than 11%
and no mortality”™"'*. However, Dyck’s study shows that
severe short-term complications may occur in patients
with esophageal or head and neck tumors after place-
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Treatment Stenosis Location of cancer PEG
/ Severe — All locations —_— PEG
CRT or
chemotherapy Cl-ée.?]dezr;g hnaegcks PEG
i u
\ Mild to 7
moderate
\ ) Sometimes
Ut Mt Lt in esophagus — necessary
/ Head and neck > PEG
Operation — Severe
\ Esophagus > Not
necessary
Head and neck - PEG
. Radiation
iati Ce Ut in esophagus —
Palliative F / phag + PEG
therapy
\ Mt It in esophagus
Stent or
radiation
+ PEG

Figure 2 Algorithm of percutaneous endoscopic gastrostomy for aerodigestive cancer. CRT: Chemoradiation therapy; Ce: Cervical esophagus; Ut: Upper tho-
racic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; PEG: Percutaneous endoscopic gastrostomy.

ment of the introducer PEG tube with T-fasteners, lead-
ing to urgent surgical intervention and even death in a
substantial number of patientslzoj. Why the complication
and mortality rates were high in Dyck’s study is unclear.
Selection bias may be one reason. Van Dyck er al™ te-
ported that better follow-up of PEG tube daily care
might be necessary. In almost all studies, the complica-
tion and mortality rates were low. Larger studies on the
introducer method in patients with esophageal cancer
are needed.

One disadvantage of the introducer method is that
only small diameter balloon-type catheters are available
and the requirement for frequent catheter changes when
long-term tube feeding is needed™*). The modifica-
tion of the PEG device using the introducer technique
is improved in this respect. It allows for the use of a
larger-caliber tube with low complication rates and no
procedure-related mortality. The direct method reduces
the incidence of catheter changes compared with the
20-French catheter in the standard pull/push method.
It is also feasible, safe and efficient in outpatients with
obstructive head and neck cancer. However, procedure-
related severe bleeding associated with the direct method
has been reported[%].

TIMING OF PEG TUBE PLACEMENT

Cady™” reported that patients who require therapeutic
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PEG tube placement in response to significant weight
loss during treatment suffer greater morbidity than pa-
tients who receive PEG tubes prophylactically. Patients
who have a PEG tube at treatment initiation experience
less overall weight loss and fewer hospitalizations and
toxicity-related treatment interruptions. However, Lo-
cher ez a/*” reported that systematic evidence assessing
both the benefits and harm associated with prophylactic
PEG tube placement in patients undergoing treatment
for head and neck cancer is weak and the benefits and
potential for harm have not been established.

CONCLUSION

An optimal supportive treatment for aerodigestive carci-
noma is not yet available. PEG has many advantages for

aerodigestive cancer, although there is insufficient evi-
dence to determine the optimal method of enteral feed-
ing. Enteral nutrition by the introducer method or the
direct method must be studied with an emphasis on the
long-term effectiveness and safety of supportive therapy
of the aerodigestive cancer.
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our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
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Instructions to authors

Notes in tables and illustrations

Data that ate not statistically significant should not be noted. ‘P < 0.05,
"P < 0.01 should be noted (P > 0.05 should not be noted). If there
are other seties of P values, P < 0.05 and *P < 0.01 are used. A third
seties of P values can be expressed as ‘P < 0.05 and ‘P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E’E°F;
or sometimes as other symbols with a superscript (Arabic numer-
als) in the upper left corner. In a multi-curve illustration, each curve
should be labeled with @, o, m, 0, A, A, e, in a certain sequence.
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