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Deletion of the second allele of the tumour suppressor gene MEN1 is
assoiated with development of duodenal gastrin-secreting
microtumours in MEN1

Z
ollinger–Ellison syndrome results
from hypergastrinaemia and gastric
hyperacidity. The disorder is clini-

cally characterised by recurrent peptic
ulcer disease, gastroesophageal reflux
disease and, often, diarrhoea.1 2 The syn-
drome is caused by gastrin-secreting
tumours (gastrinomas), which can arise
either sporadically (approximately 70–
75%) or in association with the autosomal
dominant inherited condition, multiple
endocrine neoplasia type 1 (MEN1;
approximately 25–30%).3 The MEN1 syn-
drome is also associated with a range of
endocrine tumours that predominantly
arise in the parathyroid glands, anterior
pituitary gland and pancreas.4 5 Sporadic
gastrinomas are usually single and are
most commonly located in the pancreas,
although some are found in the duode-
num. By contrast, gastrinomas found in
patients with MEN1 are usually multiple
and are most often located in the duode-
nal wall. Although multiple endocrine
macrotumours and microtumours are
also commonly found in the pancreas of
patients with MEN1, these neoplasms
usually secrete a variety of other hor-
mones and are rarely gastrinomas.6 These
observations on the location and multi-
plicity of tumours have implications for
the surgical resection of gastrinomas, and
it is now advised that even when pan-
creatic tumours are shown by imaging
studies, duodenotomy should be per-
formed in all cases that seem to be
associated with MEN1.7 8

MEN1 is caused by germline mutations
in the tumour suppressor MEN1 gene
located on chromosome 11q13.9 10 This
gene encodes the protein menin, whose
functions have not yet been fully defined,
particularly as it has been shown to bind
several (mostly nuclear) partner proteins
and disrupt several signalling pathways.11

A number of mouse models in which the
MEN1 gene is disrupted have been gen-
erated, and many of these transgenic
animals have developed tumours in the
tissues (such as pancreas and parathyr-
oid) that are also affected in the human

syndrome. However, gastrinomas are only
rarely observed in Men1+/2 mice.10 12 13

Recently, there has been considerable
interest in the pathogenesis of endocrine
tumours in patients with MEN1. It has
recently been proposed that tumours may
arise from precursor lesions. For example,
microadenomas have been identified in
the pancreas of patients with MEN1, but
currently there is a debate as to whether
these arise from islets14 or from ductal
epithelium.15 Pancreatic islet hyperplasia
has also been identified in some types of
Men1+/2 mice.13 Recently Anlauf et al16 at
the University of Kiel, Kiel, Germany,
have investigated the pathogenesis of
duodenal gastrinomas arising in patients
with MEN1. In a paper published in
Gastroenterology16 this group reported dis-
tinctive proliferative hyperplastic gastrin
cell lesions in the non-tumorous duode-
num of patients with MEN1-associated
multifocal duodenal gastrinomas. The
authors proposed that these lesions were
preneoplastic, in an analogous fashion to
C cell hyperplasia in medullary carcinoma
of the thyroid in the setting of MEN217

and enterochromaffin-like cell hyperpla-
sia in type 1 gastric carcinoids associated
with autoimmune chronic atrophic gas-
tritis and hypergastrinaemia.18

In this issue of Gut, Anlauf et al19 (see
page 637) have taken their investigations
further and have analysed the genetic
changes that occur in duodenal gastrino-
mas and their previously identified pre-
cursor lesions. Patients with MEN1
display heterozygous germline mutations
in the MEN1 gene. According to
Knudson’s20 two-hit hypothesis of
tumour development, the formation of
MEN1-associated tumours will involve
additional somatic inactivation of the
wild-type MEN1 allele on chromosome
11q13. This may result in loss of a part or
all of the chromosome 11. PCR-based
techniques have previously been used to
demonstrate loss of heterozygosity (LOH)
at 11q13 in approximately half the cases
of a variety of MEN1-associated macro-
tumours including gastrinomas.21 Other

cases may harbour intragenic mutations
that inactivate the gene but do not lead to
allelic loss, and that would not be
detected by this technique.22 PCR-based
methods involving microdissection are
not currently precise enough to allow
analysis of genetic changes occurring in
individual cells. The authors have there-
fore used a novel combined fluorescence
in situ hybridisation and immunofluores-
cence technique to simultaneously detect
allelic deletions and hormone expression
in individual duodenal neuroendocrine
cells.

The authors initially analysed 28 duo-
denal gastrin-producing neuroendocrine
tumours from six patients with Zollinger–
Ellison syndrome and MEN1, and found
LOH for 11q13 in 46% of patients.19

Different tumours from the same patient
often showed different patterns of allelic
loss (allelic loss of 11q13 only, loss of the
whole chromosome or no LOH), suggest-
ing that each gastrinoma arising in an
individual patient developed as a result of
an independent second hit. In addition to
the tumours studied, all six patients
showed several foci of hyperplastic gas-
trin cells.16 However, none of these lesions
showed LOH at the tested loci. The
authors therefore conclude that the
hyperplastic lesions (which are proposed
to be preneoplastic) retain both MEN1
alleles and that allelic loss (or alterna-
tively MEN1 gene mutation, which may
be present in 54% of tumours not
demonstrating LOH) is responsible for
the initial development of neoplastic
lesions. Similar findings were made in
five somatostatin-secreting tumours from
the same patients, two of which showed
LOH at the 11q13 locus, whereas there
was no LOH in hyperplastic somatostatin
cell lesions.19

Several questions still need to be
answered. Perhaps one of the more intri-
guing questions is the cause of hyperplasia
of gastrin-secreting and somatostatin-
secreting cells in the duodenums of
patients with MEN1, especially as these
lesions do not show LOH of the MEN1
gene. Could the hyperplasia of these cells
be hormonally regulated as is observed in
the enterochromaffin-like cell hyperplasia
associated with hypergastrinaemia, or is it
simply the result of a germline mutation in
a single MEN1 gene? If a germline muta-
tion in a single MEN1 gene is the case, why
are the lesions predominantly composed of
gastrin-secreting or somatostatin-secreting
cells rather than other endocrine cell types?
Also, as analysis of the hyperplastic lesions
showed no LOH at 11q13, it remains to be
answered whether these lesions are truly
preneoplastic. Is it possible that these
lesions harbour inactivating intragenic
mutations that do not lead to LOH? This
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remains to be tested. Do gastrinomas
arising in MEN1 arise within foci of
gastrin-cell hyperplasia or can they arise
from any cell that acquires a second-hit
mutation? Moreover, do any external or
luminal factors cause the second hit to
develop? Even if the hyperplastic lesions
are not truly preneoplastic, they may be
clinically useful as their detection by biopsy
in a patient with Zollinger–Ellison syn-
drome suggests that the condition is likely
to be MEN1-associated rather than being
the sporadic form.

In conclusion, the study by Anlauf et
al19 has enhanced our knowledge of the
pathogenesis of MEN1-associated gastri-
nomas. Multiple tumours seem to arise in
susceptible patients as a result of multiple
independent second-hit mutations in the
MEN1 gene (fig 1). The described com-
bined fluorescence in situ hybridisation/
immunofluorescence technique is a very
powerful approach for analysing genetic
changes in hyperplastic lesions and
microtumours involving a few cells and
avoids the potential errors that may result
from microdissection. Further investiga-
tions of the significance of the duodenal
gastrin and somatostatin hyperplastic
lesions found in patients with MEN1 are
warranted. From a clinical perspective, it
is now crucial at the time of diagnosis to
determine, if possible, whether a patient
with Zollinger–Ellison syndrome has a
sporadic or MEN1-associated gastrinoma,
because the different locations and
numbers of tumours in these two

contexts now suggest different therapeu-
tic approaches, particularly with regard to
surgery.
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Figure 1 Proposed mechanism for
pathogenesis of duodenal gastrinomas in
multiple endocrine neoplasia type 1 (MEN1).
LOH. Loss of heterozygosity.
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irritable bowel syndrome
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Protecting patients with IBS from the risks and costs of unnecessary
surgery

S
urgery has no role in treating irrita-
ble bowel syndrome (IBS), the pro-
totypic functional bowel disorder.1

Nevertheless, since Ryle2 reported a high
appendectomy rate in such patients
nearly 80 years ago, descriptive case
series, population-based studies and com-
parisons of patients with IBS with sub-
jects without IBS and patients with
inflammatory bowel disease3–8 have
shown that patients with IBS are predis-
posed to surgery. In two large groups of
patients with IBS, cholecystectomy and
hysterectomy, which are mainly elective
procedures, were increased threefold and
twofold, respectively, and the primarily
emergency operation, appendectomy, was
also increased twofold.5 7 Other abdomi-
nopelvic operations, especially colon
resection, are also increased,7 as is back
surgery.5 Much of this increased surgery
must be unnecessary, and high surgical
rates have been reported from the UK,
Western Europe, Scandinavia, North
America, Latin America and South
Africa. The association of IBS with
normal appendiceal pathology after
urgent appendectomy, as reported by
investigators from Taiwan in this issue,9

(see page 655) further emphasises the
worldwide importance of avoiding unne-
cessary surgery in IBS.

How much surgery is unnecessary on
patients with IBS and the reasons for this
problem are difficult to ascertain from
studies that are retrospective and lack
information on surgical pathology.
Furthermore, unlike appendicitis, gall-
stones and uterine pathology are often
asymptomatic and are not life threaten-
ing, so their documentation does not
necessarily mean that surgery was
needed. If hysterectomy is performed for
dysfunctional uterine bleeding and
chronic pelvic pain (CPP), consistent
elimination of bleeding with variable pain
relief complicates assessment of the over-
all benefit. Nevertheless, the available
data identify preoperative misdiagnosis
of the aetiology of pain as a major reason
for increased abdominopelvic surgery in
patients with IBS. The prospective study

by Lu et al9 provides the best evidence to
date of mistaken diagnosis of appendici-
tis. Anxiety, atypical pain and physical
examination findings, a lower neutrophil
count, less use of computed tomography
(CT), and IBS symptoms independently
predicted a normal appendix. In patients
with cholecystectomy, preoperative gas
symptoms,10 11 constipation,11 psychotro-
pic drug use,11 psychological symptoms
and broadly defined dyspepsia12 predicted
persistent symptoms, suggesting that the
patients had functional pain before sur-
gery. In women undergoing elective
hysterectomy, CPP without identified
pathology was more often the only pre-
operative diagnosis in those with IBS
than in those without IBS; in those who
preoperatively stated that their surgery
was for pain there was a higher propor-
tion of patients with IBS than in those
not having hysterectomy for pain. These
findings, similar surgical pathology in the
two groups and a trend toward lower pain
improvement after 1 year in the women
with IBS, suggest that IBS caused the
pain that hysterectomy was intended to
relieve in some patients.13

Increased surgery contributes to a cycle
of events that often characterise the
ineffective care of severe IBS and func-
tional abdominal pain syndrome
(FAPS),14 which shares psychosocial cor-
relates and pain behaviours with IBS but
lacks bowel dysfunction (fig 1).15

Research findings on patients and doc-
tors, and widespread clinical experience,
support this sequence of events. Initially,
patients’ pain and disability lead to
frequent visits to doctors who may feel
‘‘drained’’ because of their inability to
diagnose the disorder, improve or cure it,
and to feel gratified from caring for
them.16 17 They may lack important
knowledge about IBS,17 minimise the
seriousness of the patients’ symptoms,18

and believe that IBS is more difficult to
diagnose in women than men but that
men with IBS are more difficult to
manage.19 When the patients urgently
seek care at emergency departments, the
doctors may not have complete medical

records or contact with the patients’
doctors, and they may focus on acute
illness and fail to recognise the pain as an
exacerbation of a chronic disorder.
Emergency physicians may concentrate
on excluding ‘‘organic’’ disease and con-
sult surgeons who have little experience
with functional pain syndromes, and fail
to consider IBS and FAPS. Doctors
request more radiology and laboratory
tests for patients with IBS,20 including
gallbladder procedures and endoscopic
retrograde cholangiopancreatography,7

than for patients without IBS. Patients
with IBS receive prescriptions for many
categories of drugs and have increased
rates of hospitalisation compared to con-
tols without IBS.20 They are often referred
to gynaecologists for CPP, and IBS was
the most common diagnosis in one CPP
clinic, accounting for 37% of cases.21

Therefore, non-gastroenterologists and
biased or inadequately knowledgeable
practitioners contribute to the care of
many of the most severely affected
patients with IBS.

This cycle of intense, misdirected med-
ical activity (‘‘furor medicus’’), including
unnecessary surgery, does not help
patients with IBS; rather, it promotes or
fails to alleviate maladaptive (‘‘catastro-
phising’’) coping, alexithymia, psychiatric
distress (anxiety and depression), and
somatic and visceral hypervigilence
(symptom-attentive behaviour). These
psychosocial disturbances contribute to
the brain–gut dysregulation that under-
lies the pathophysiology of IBS and other
functional gastrointestinal disorders.22

Psychosocial factors have long been
associated with polysurgery and persis-
tent postoperative abdominal pain.
Canadian surgeons reported, 40 years
ago, that patients with ‘‘personality
defects’’, including depression and drug
addiction, tended to become ‘‘alba-
trosses’’ after gastrectomy, complaining
of continued abdominal pain and other
symptoms. This experience prompted the
surgeons to advise ulcer surgery on such
patients only if they had ulcer complica-
tions.23 DeVaul and Faillace24 described
patients with a mean of about 10 major
surgeries, especially abdominopelvic
operations for painful conditions. Most
were women, and many had a history of
childhood abuse or deprivation and con-
tinued to insist on cure of their pain.
Creed found that patients who had severe
stressful life events during the year before
emergency appendectomy, or had psy-
chiatric symptoms, were more likely to
have a non-inflamed appendix and per-
sistent pain 1 year postoperatively than
other patients.25 It is likely that many of
the patients in these surgical series had
severe IBS or FAPS.

608 COMMENTARY

www.gutjnl.com



What can doctors do to reduce unne-
cessary surgery in these patients? More
research on the effectiveness of specific
measures would be valuable, but the
study by Lu et al,9 previous research
observations, and basic clinical principles
support both general and operation-
specific approaches.

GENERAL PRINCIPLES
Emotional descriptions of pain—for
example, ‘‘It is killing me’’—that are out
of proportion to examination findings or
laboratory test or imaging results should
raise the question of functional pain.
Narcotic-seeking behaviour can be
another clue. The medical and surgical
history can be especially valuable. When a
patient presents to an emergency depart-
ment with acute abdominal pain, the
doctor should seek information on pre-
vious episodes of similar pain through
both the interview and record review,
which can reveal previous visits for severe
pain that the patient does not report. The
presence of other painful disorders that
have not been satisfactorily relieved and a
history of abdominopelvic surgery for
pain, especially if it was unsuccessful,
are also important. The interview should
attempt to disclose recent emotional
stress, chronic anxiety, depression and a
detrimental change in the family or
cultural milieu or social support.

Abdominal examination can reveal
four characteristics of patients with func-
tional pain: lack of autonomic arousal,
multiple surgical scars with uncertain

indications, the ‘‘closed eyes sign’’ (eye
closure during palpation) and the
‘‘stethoscope sign’’ (the detection of less
tenderness during pressure with a stetho-
scope than with palpation).14 Carnett’s
test accurately distinguishes visceral pain
from abdominal wall pain when abdom-
inal tenderness increases during abdom-
inal muscle contraction. In a series of
outpatients with chronic abdominal wall
pain, 22% also had IBS26; such patients
can have somatic and visceral pain
together or at different times, and both
types of pain can lead to unneeded
surgery. Chronic abdominal wall pain is
suggested as a cause of gynaecologists’
patients’ CPP by published descriptions of
focal abdominal tenderness.27

In patients presenting with acute pain,
a request for abdominal imaging (eg, CT)
should depend on other findings.
Furthermore, patients with IBS who have
undergone such procedures with normal
results are unlikely to benefit from repeat
testing unless their symptoms change. CT
scan is rarely diagnostic in outpatients
with non-acute abdominal pain who lack
warning symptoms or signs, but is com-
monly reported to show abnormalities
unrelated to the pain that result in
specialty referral, additional imaging pro-
cedures and surgery that are usually
fruitless or do not benefit the patient.28

The counterproductive management
cycle, including unnecessary surgery, is
best prevented or stopped though the care
of a single supervising doctor who
promotes a therapeutic doctor–patient

interaction through effective communica-
tion, attention to psychosocial factors,
legitimising symptoms, wise use of diag-
nostic tests and consultations, confident
diagnosis, and individualised therapy that
may include psychotherapy and central
nervous system pharmacotherapy.15 The
most worried and disabled patients do
not accept the diagnosis and learn to cope
with their symptoms until the testing and
referrals stop. It is especially important to
prevent urgent emergency department
visits and unnecessary specialist referrals.
Primary physicians can take the main
responsibility for the care of many
patients but, depending on the circum-
stances, sometimes a gastroenterologist
must assume this role.

APPENDECTOMY
The study of Lu et al9 emphasises that
some unnecessary appendectomies might
be prevented by a proper general
approach, including documenting an aty-
pical history and examination findings,
anxiety, a normal neutrophil count and
obtaining CT when needed to confirm
appendicitis. However, 100% preoperative
diagnostic accuracy is not achievable, and
clinical judgment must prevail.

CHOLECYSTECTOMY
Although most patients with IBS localise
their worst pain to the lower abdomen,
they can have pain anywhere in the
abdomen and often have dyspepsia.
Increasingly, experienced doctors recog-
nise typical biliary pain as severe epigas-
tric and/or right upper quadrant in
location, often accompanied by vomiting,
and >1 h in duration at intervals of
weeks to months. Variability in these
characteristics occurs, but chronic, daily
dyspepsia, for example, when the patient
says it occurs ‘‘all the time,’’ is unlikely to
be relieved by cholecystectomy. Generally,
patients whose symptoms and basic
laboratory test results are not typical of
biliary disease are not helped by ultra-
sonographic examination, and failure to
document their asypmptomatic gallstones
may prevent cholecystectomy by a sur-
geon who misinterprets the aetiology of
their pain.

HYSTERECTOMY
Gynaecological referral should be consid-
ered for women with abdominal or
‘‘pelvic’’ pain and menstrual abnormal-
ities, other gynaecological symptoms or
when the relation of pain with bowel
function is uncertain. There is marked
similarity between the psychosocial and
behavioural aspects of CPP and IBS (eg,
depression and a history of sexual or
physical abuse),21 so the general princi-
ples of managing IBS also apply to the

Figure 1 Typical cycle of ineffective management of patients with severe irritable bowel syndrome or
functional abdominal pain syndrome.15 Reprinted with permission.
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care of patients with CPP. Furthermore,
the high proportion of women who have
IBS among gynaecologists’ patients with
CPP suggests that in some cases their
‘‘pelvic’’ pain would be regarded as
abdominal pain by gastroenterologists.
Unnecessary pelvic surgery is best
avoided through collaboration between
the patient’s gastroenterologist and
gynaecologist.

Additional prospective studies on
patients with IBS undergoing surgery
could help identify more associations
between patient features and unnecessary
surgery. However, current knowledge can
protect many patients from the risks and
costs of unneeded surgery.

Gut 2007;56:608–610.
doi: 10.1136/gut.2006.115006

Correspondence to: D. G F Longstreth, Kaiser
Permanente Medical Center, 4647 Zion Avenue,
San Diego, CA 92120, USA; george.f.
longstreth@kp.org

Competing interests: None.

REFERENCES
1 Drossman DA, Corazziari E, Delvaux MM, et al,

eds. Rome III:the functional gastrointestinal
disorders.3rd edn. McLean, VA: Degnon
Associates, 2006.

2 Ryle JA. Chronic spasmodic affections of the colon
and the diseases which they simulate. Lancet
1928;2:1115–19.

3 Chaudary NA, Truelove SC. The irritable colon
syndrome: a study of the clinical features,
predisposing causes, and prognosis in 130 cases.
Q J Med 1962;31:307–23.

4 Schmulson MJ, Valdovinos Dı́as MA. Utilización de
recursos médicos por los pacientes con syndrome
de intestino irritable en un hospital de tercer nivel.
Rev Gastroenterol Mex 1998;63:6–10.

5 Longstreth GF, Yao JF. Irritable bowel syndrome
and surgery: a multivariable analysis.
Gastroenterology 2004;126:1665–73.

6 Hasler WL, Schoenfeld P. Systematic review:
abdominal and pelvic surgery in patients with
irritable bowel syndrome. Aliment Pharmacol Ther
2003;17:997–1005.

7 Cole JA, Yeaw JM, Cutone JA, et al. The incidence
of abdominal and pelvic surgery among patients
with irritable bowel syndrome. Dig Dis Sci
2005;50:2268–75.
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The role of Escherichia coli in
inflammatory bowel disease
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Mucosa-associated E Coli are reported to be increased in Crohn’s
disease

T
here is a widespread assumption that
both of the major inflammatory
bowel diseases, Crohn’s disease and

ulcerative colitis, arise as a result of a host
response to intestinal bacteria. Evidence
to support this includes the involvement
of non-pathogenic bacteria in the devel-
opment of colitis in genetically altered
animals, knowledge that the Crohn’s
disease-associated gene NOD2/CARD15
is a receptor for bacterial cell-wall pepti-
doglycan, the common presence of circu-
lating anti-bacterial antibodies in Crohn’s

disease, and the role of known pathogens
in precipitating relapse in ulcerative
colitis.1 We still need to know which
bacteria are the culprits, where they are
(intraluminal, intramucosal, intracellu-
lar) and whether there is an abnormal
host response to ‘‘commensal’’ bacteria or
whether the bacteria themselves have
pathogenic features.

Study of the gut microbiota is not easy.
The human gut contains 500–1000 bac-
terial species2 and around 80% of these
have yet to be cultured.3 There is growing

evidence that the bacteria that are closely
related to or adherent to the mucosa may
be more relevant to mucosal inflamma-
tion than those in the faeces. Studies of
the mucosa-associated bacteria are, how-
ever, affected by the method used. The
colonic mucosa, unlike the small intes-
tine, has a near-continuous mucus coat4

and bacteria adherent to the surface of
this coat will differ in number and nature
from those underneath the mucus.
Moreover, the surface of the mucus layer,
like the faeces, is likely to suit the growth
predominantly of anaerobic bacteria,
whereas mucus represents a significant
barrier to oxygen diffusion,5 so the sub-
mucus niche may be relatively well
oxygenated by the underlying mucosa
and more suitable for micro-aerophilic
bacteria. We have found that aerobic
culture of colonoscopic biopsies after
removal of the mucus layer with dithio-
threitol is often sterile in control colons,
whereas the colon in Crohn’s disease and
colon cancer contains increased bacterial
numbers in this sub-mucus niche, more
than half of which are E coli,6 even though
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these organisms account for less than 1%
of the faecal microbiota.

At least five independent groups have
reported that mucosa-associated E coli are
increased in Crohn’s disease6–10 and the
study by Kotlowski et al in this issue11 (see
page 669) makes this six. Two of the
studies7 11 have also shown an increase in
mucosa-associated E coli in ulcerative
colitis. One group has reported selective
growth of the E coli from distal ileal
mucosal samples in Crohn’s disease,8

whilst the others have reported on colonic
mucosal samples. The present study adds
particular weight to the potential impor-
tance of E coli because of the initial screen
that was used, which should have been
able to pick up any bacteria that were
overexpressed in the inflammatory bowel
disease tissue samples. The study used
ribosomal intergenic spacer analysis to
identify DNA segments that were more
commonly present (in about 70%) in
Crohn’s disease and ulcerative colitis
mucosal biopsies than controls (about
30%). Five of these segments were then
sequenced and all were found to contain
E coli DNA. Subsequent study focused on
E coli and again confirmed increased
culture of E coli from Crohn’s disease
samples and, to a lesser extent, from
ulcerative colitis samples, compared with
controls. There was a poor correlation
between site of inflammation and pre-
sence of E coli, in agreement with other
studies that have tended to show that the
same organisms can be identified from
various sites within the same colon.6 7

This is compatible with the organisms
having a causative role in the inflamma-
tion rather than merely colonising
inflamed mucosa.

Where do the E coli end up? In Crohn’s
disease but not ulcerative colitis there is
good evidence of bacterial invasion into
tissues and this is supported by the
tendency for abscess and fistula formation.
Some of the bacteria undoubtedly invade
after a breach in the mucosa has already

occurred and these are likely to be a cross-
spectrum of the faecal microbiota.12 13

Nevertheless, an immunohistochemical
study using a broad range of anti-microbial
antibodies showed a selective presence in
Crohn’s disease tissue of E coli, Listeria
and Streptococci, all within macrophages.14

Subsequent studies of Listeria have been
contradictory15 but E coli DNA has
also been identified within 12/15 Crohn’s
disease granulomas dissected out from
tissue sections by laser-dissecting micro-
scopy, compared with 1/10 control granu-
lomas, although the same group also
identified M paratuberculosis within
Crohn’s disease granulomas using the
same technique.16 The possibility that the
E coli may end up chronically replicating
within tissue macrophages is supported by
evidence that Crohn’s disease E coli isolates
are particularly capable of replicating
within macrophage vesicles in vitro when
compared with laboratory control E coli
strains.17

What is the site of entry? Crohn’s
disease mucosal E coli isolates have been
shown to be better able than laboratory
strains to adhere to and invade colon
epithelial cell lines in culture.6 8 However,
this phenomenon is cell-line specific6 and
there is little evidence that they are able
to invade the normal colonic epithelial
cells in vivo. Moreover, there is good
evidence that bona fide invasive patho-
gens, such as Salmonella and Shigella, are
unable to invade via normal colon epithe-
lial cells and instead make their initial
entry via the specialised M cells within
the dome epithelium overlying Peyer’s

patches in the distal ileum and lymphoid
follicles in the colon.18 19 There is no
mucus layer overlying the dome epithe-
lium since it possesses no goblet cells.
Moreover, the M cells lack the ‘‘fuzzy’’
glycocalyx that other small intestinal and
colonic epithelial cells possess.20 If
unequivocal pathogenic organisms need
M cells as a portal, it seems likely that the
Crohn’s E coli, which lack conventional
pathogenicity genes, will also have to
enter via the M cells. This fits well with
evidence suggesting that the earliest
lesions in Crohn’s disease occur at
Peyer’s patches in the ileum and lym-
phoid follicles in the colon21 (fig 1).

What role could these E coli have in
ulcerative colitis? The study by Kotlowski
and colleagues published here11 and also
that by Swidsinski and colleagues7 both
show increased mucosa-associated E coli
in ulcerative colitis, possibly to a slightly
lesser extent than in Crohn’s disease. The
lack of association reported by others6

may reflect differences in sampling tech-
nique, such as removal of the mucus layer
prior to culture. There is no good evidence
for mucosal invasion by E coli in ulcera-
tive colitis and the typically continuous
inflammation does not suggest any spe-
cific focus of inflammation around lym-
phoid follicles. It seems more plausible
that, in ulcerative colitis, the mucosa-
associated E coli may interact with the
surface epithelial cells without invasion.
This would fit with the superficial nature
of mild colitis and also with evidence of
surface epithelial NFkappaB activation as
a very early event.22 Another likely result
of such interaction would be release from
the epithelial cells of interleukin-8 (IL-8),
a potent chemotactant for neutrophils. So
far, most evidence suggests that bacteria-
induced IL-8 release from colon epithelial
cells is usually a consequence of flagellin-
Toll receptor 5 (TLR5) interaction and it is
notable that this can result from interac-
tion even with E coli strains that are
conventionally regarded as ‘‘commen-
sal’’.23 Since TLR5 is located on the
basolateral aspect of the epithelial cells,
this would require prior weakening of the
mucosal barrier, as occurs experimentally
with dextran sulphate, to allow flagellin
to pass through the tight junctions and
reach TLR5.24 This represents a plausible
model for ulcerative colitis,25 perhaps
with inflammation perpetuated by an
auto-immune mechanism (fig 2).

Further work is needed to characterise
the inflammatory bowel disease mucosa-
associated E coli and their mechanisms of
interaction with epithelial cells. In many
ways their adherence and invasion of
epithelial cells in the absence of any of
the typical pathogenicity genes, other
than adhesins, is similar to the properties

Figure 2 Models for involvement of E coli in IBD
pathogenesis: 2. Ulcerative colitis.
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Figure 1 Models for involvement of E coli in IBD
pathogenesis: 1. Crohn’s disease.

COMMENTARY 611

www.gutjnl.com



of uropathogenic E coli;26 27 indeed they
may be the same organisms. There is
already a considerable literature on how
uropathogenic E coli interact with epithe-
lial cells26 28 and much of this may be
relevant in the colon. This may include
interaction with members of the carci-
noembryonic antigen-cell adhesion mole-
cule (CEACAM) family29–31 that are
present in the glycocalyx, the ‘‘fuzzy coat’’
that underlies the mucus layer and over-
lies colon and small intestinal epithelial
cells. The study by Kotlowski and collea-
gues takes this a step forward with the
demonstration that the Crohn’s disease E
coli isolates are more likely to be in
phylogenetic groups B2 and D; groups
that characteristically contain E coli that
are pathogenic at extra-intestinal sites
and that tend to adhere to epithelial
cells.32 33 The inflammatory bowel disease
isolates are also shown commonly to
possess serine protease autotransporters
(SPATEs), some of which possess muci-
nase activity.34 This could explain why
these organisms seem typically to have
been found within35 or beneath6 the
colonic mucus layer.

Evidence is thus accumulating that E
coli, probably ‘‘mildly pathogenic’’ by
virtue of their possession of adhesion
mechanisms and secretion of proteases,
may have a causative role in inflamma-
tory bowel disease. In Crohn’s disease
they probably invade the tissue, perhaps
as a result of defective clearance by
neutrophils,36 and chronically infect
macrophages, whereas they may have a
more superficial relationship with the
mucosal surface in ulcerative colitis.
Koch’s postulates have yet to be fulfilled
but it is intriguing that E coli with a
similar adherent and invasive phenotype
have been shown to be associated with
granulomatous colitis in boxer dogs.37 I
think we now have a new therapeutic
target.

Gut 2007;56:610–612.
doi: 10.1136/gut.2006.111872
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Iron depletion is required in patients with HCV and iron overload to
retard liver fibrosis

E
xcess iron is an important cause of
liver damage. Aerobic metabolism
generates oxygen species as a by-

product of the reduction of O2 but these
are generally of low reactivity. The pre-
sence of transition metal ions such as iron
(Fe2+) catalyses the generation of highly
reactive oxygen species, the most impor-
tant of which is the hydroxyl radical
(NOH).

Fe2++H2O2RFe3++–OH+NOH

H2O2+O2-N–(Fe)R–OH+NOH+O2

The hydroxyl radical causes oxidation
of lipids, lipoproteins, proteins, DNA and
carbohydrates leading to injury to the cell
membranes and genomic damage.
Mitochondrial cell membranes are parti-
cularly susceptible to iron-catalysed,
hydroxyl-mediated damage.1 Reactive
oxygen species may also activate hepatic
stellate cells and stimulate transforma-
tion into the collagen-producing myofi-
broblast phenotype associated with
hepatic fibrosis2

The presence of excess iron in the liver
in the absence of other aetiologies of liver
damage may not be sufficient to cause
liver disease. However, excess liver iron is
now clearly recognised as a cofactor for
the development of advanced fibrosis and
cirrhosis in patients with hepatitis C virus
(HCV) infection and alcohol-related liver
disease.3–8

There is enormous variation in the rate
at which fibrosis develops and the time
taken for cirrhosis or decompensated liver
disease to occur among patients with
chronic HCV infection.9 10 Certain factors
influencing the progression of disease
have been identified through cross-sec-
tional and cohort studies so that some of
this variation in the rate of fibrosis may
be explained by sex of the patient, age at
the time of infection and, in some studies,
alcohol abuse.9–11 However, these factors
only account for 20–30% of the variability
in the progression rates of liver fibrosis
leading many authors to conclude that

much of the unexplained variability may
be accounted for by patients’ genetic
background. Although a number of
groups are currently searching for genes
that influence liver fibrosis in patients
with chronic viral hepatitis, only a small
number has been identified so far.
Among these, a limited number has
shown reproducibility and/or biological
relevance. These include complement
factor V, coagulation factor V, carnitine
palmitoyltransferase 1A and DEAD box
polypeptide 5.12–14

It might be predicted that mutations in
the HFE gene that cause iron overload
and haemochromatosis would meet the
requirements of biological plausibility
and reproducibility as a cause for accel-
erated fibrosis. However, the association
of HFE mutations and advanced fibrosis
in patients with HCV infection is con-
troversial. An initial report by Smith
found that patients with HCV infection,
who were heterozygous for the HFE-
C282Y mutation, had higher ferritin levels
and were more likely to have stainable
liver iron than patients who were homo-
zygous for the wild-type HFE gene.15

Furthermore, in Smith’s study, carriers
of the HFE-C282Y mutation had more
advanced fibrosis and 4 of 10 had
cirrhosis. Although these findings have
been replicated in other populations,16 17

some studies, including the new one
published in this issue of Gut, have not
been able to show a clear association
between HFE-C282Y and the degree of
fibrosis.8 18 19 Indeed, in our own popula-
tion of over 900 European patients with
chronic HCV infection, heterozygous car-
riage of HFE-C282Y was not associated
with advanced or rapid liver fibrosis.

There are two possible explanations why
the HFE-C282Y mutation is not consis-
tently found to be a cause of advanced
fibrosis in patients with chronic HCV
infection. Firstly, most studies have effec-
tively sought an association of advanced
fibrosis with the heterozygous HFE-C282Y
state as homozygotes for the HFE-C282Y

mutation and compound heterozygotes,
carrying one abnormal allele of both the
HFE-H63D and HFE-C282Y, are relatively
rare among the population with HCV
infection. It is generally accepted that
people who are heterozygous for the HFE-
C282Y mutation or homozygous for the
HFE-H63D mutation do not develop iron
overload. Secondly, iron overload is not an
inevitable consequence of being homozy-
gous for the HFE-C282Y mutation. Among
patients who carry the disease genotype,
HFE-282YY, the proportion who develop
either biochemical abnormalities or liver
disease is clearly ,100%. In a population-
based study, biochemical expression of
disease, as determined by transferrin
saturation of .50%, was found in 50% of
male homozygotes and 40% of female
homozygotes.20 Three large population-
based studies found low rates of penetrance
for clinical liver disease, as determined by
abnormal liver function tests or clinical
symptoms, in HFE-282YY homozygotes.20–22

In contrast, two smaller, less well con-
trolled, studies found higher rates of
clinical disease penetrance.23 24 As pene-
trance of the HFE mutations is low and the
heterozygous state is not associated with
iron overload then it should not be surpris-
ing that HFE does not consistently influ-
ence the severity of HCV infection.

Mutations in the haemoglobin genes
that cause thalassaemia are strongly
associated with heavy iron overload and
the penetrance of these mutations is high.
The strong erythropoietic drive produced
by the haemoglobinopathies suppresses
hepcidin expression in the liver leading to
high rates or iron absorption from the
gastrointestinal tract.25 Thalassaemia
major has previously been reported as a
risk factor for advanced liver disease in
patients with HCV infection.26 In this
issue of Gut, Sartori et al19(see page 693)
publish a study in which they have
explored the importance of haemoglobin
b mutations in the development of
hepatic iron overload and advanced
fibrosis in patients with chronic HCV
infection in Italy. As mentioned earlier,
HFE mutations were not found to corre-
late with iron loading or with fibrosis
stage but heterozygous carriers of
b-globin mutations were found to have
higher hepatic iron concentrations, stain-
able hepatic iron and more advanced
fibrosis than patients with HCV-infection
who had wild-type haemoglobin genes
and HFE heterozygotes. The prevalence of
b-globin mutations was much higher
than what would normally be expected
in the Italian population, which may be
the result of a bias introduced by using a
clinic-based population and the risk of
bloodborne virus infection in patients
with thalassaemia.27
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The difference in the effect of HFE and
b-globin mutations emphasise the central
importance of iron in the development of
advanced liver disease associated with
HCV infection. It has been reported that
iron increases the replication of HCV,
possibly through the induction of transla-
tion initiation factor 3.28 29 However, levels
of viraemia have not been correlated with
histological severity and an alternative
explanation must be proposed to explain
the advanced liver disease associated with
iron excess. HCV itself seems to be a cause
of oxidative stress.30 Histological exam-
ination of HCV-infected liver frequently
shows steatosis and mitochondrial swel-
ling: hallmarks of oxidative damage.
Transgenic mice expressing either the
HCV nucleocapsid or the complete poly-
protein also show mitochondrial damage
and excess oxidative damage. It therefore
seems likely that HCV and iron act
synergistically to increase oxidative
damage, and to accelerate liver fibrosis
and the progression of disease. In support
of this hypothesis, mice transgenic for the
HCV core protein have high levels of
hydroperoxides, lysosomal and mitochon-
drial membrane damage and deletion of
mitochondrial DNA.31 These mice go on to
develop hepatocellular carcinoma.31 Mice
transgenic for the complete polyprotein
have high levels of lipid peroxidation and
develop hepatocellular carcinoma when
iron overload is induced.32

Although HCV infection cannot always
be eliminated iron overload is a treatable
condition. Dietary iron restriction and
phlebotomy reduce serum iron indices
and reduce transaminase levels in
patients with HCV infection.33 34

Furthermore, levels of hepatic lipid per-
oxidation and histological severity may be
improved by phlebotomy in patients
without b thalassaemia. In patients with
thalassaemia, phlebotomy may not be
feasible but iron chelation therapy with
desferrioximine or the oral chelator defer-
iprone does seem to prevent the progres-
sion of liver fibrosis in patients with HCV
infection, and is therefore indicated in
patients where the HCV infection cannot
be eliminated.35 36

Gut 2007;56:613–614.
doi: 10.1136/gut.2006.113076
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