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Introduction

Summary

Pouchitis after total rectocolectomy is the most common complication of
ulcerative colitis (UC). The immunological mechanisms involved in the
genesis of pouchitis are unclear. Therefore, we evaluated the inflammatory
activity in normal ileal pouch mucosa by determining signal transducers and
activators of transcription (STAT-1) activation and cytokine expression in
patients operated for UC and familial adenomatous polyposis (FAP). Eigh-
teen asymptomatic patients, who underwent total rectocolectomy and J
pouch, were evaluated: nine with UC and nine with FAP. The activation of
STAT-1 and cytokine expression were determined by immunoblot of total
protein extracts from pouch mucosal biopsies. The absence of pouchitis was
assessed by clinical, histological and endoscopic parameters, according to
the Pouchitis Disease Activity Index. The patients were not receiving any
medication. Analysis of variance (ANova) and Tukey—Kramer’s test were
applied. The local ethical committee approved the study and informed
consent was signed by all participants. STAT-1 activation was increased in UC
when compared to FAP and controls (P < 0-05). Higher levels of interferon
(IFN)-y expression were observed in UC patients when compared to the
control group (P < 0-05), but were similar to FAP. In contrast, cytokine sig-
nalling (SOCS-3) and interleukin (IL)-10 expression were similar in all groups
(P> 0-05). These findings could explain the higher susceptibility to this
inflammatory complication in UC when compared to FAP. A tendency
towards increased levels of IFN-y and STAT-1 in patients with UC, even
without clinical and endoscopic evidence of pouchitis, was observed; studying
inflammatory activity in asymptomatic ileal pouches may help understanding
of the pathogenesis of pouchitis.
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pathogenesis of UC [4]. Recently, the Th17 pathway was
identified mediating intestinal inflammation in IBD, espe-

Restorative rectocolectomy with ileal pouch is the surgical
procedure of choice for ulcerative colitis (UC) and familial
adenomatous polyposis (FAP) [1,2]. UC is a complex
inflammatory bowel disease (IBD), with environmental and
genetic factors involved, although its aetiology is not known
completely. High expression of T helper type 2 (Th2)
pathway cytokines, such as interleukin (IL)-4, IL-5 and
IL-13, is reported in UC patients but is a point of discussion,
because higher tumour necrosis factor oo (TNF-o) expres-
sion (Thl cytokine) is also seen in UC patients [3]. Mutation
of the IL-10 receptor gene was identified to have a role in the
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cially in Crohn’s disease (CD), and IL-23 was found to be
responsible for inflammatory cytokine cascade involving
increased levels of tumour necrosis factor (TNF)-o, IL-6,
interferon-y (IFN-y) and IL-17 in the intestine [5].
Conversely, FAP is a rare genetic disease, with dominant
autosomal heritage, determined in 95% of the cases by
adenomatous polyposis coli (APC) gene mutation. The most
common pouch design is the T’ pouch, which is 15 cm long,
with double bowel [6]. The ileal reservoir improves patients’
quality of life because it allows fewer bowel movements and
better function than the technique of direct anastomosis of
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the terminal ileum to anal canal. However, pouchitis is one of
the major complications after this procedure and affects up
to 50% of patients with UC, and only 5% of patients with
FAP [7,8]. The cumulative risk of this complication is
approximately 48% in 10 years [9]. Although pouchitis is
a commonly reported complication, its aetiology is still
unclear [10-14]. Currently, the diagnosis of pouchitis is
based on clinical symptoms that must be confirmed by his-
tology and endoscopic findings [15-17].

The difference in the incidence of pouchitis between
patients with UC and FAP, which is higher in UC, has led
to the suggestion that pathophysiological similarities exist
between pouchitis and UC. This hypothesis is boosted
further by the fact that some patients with pouchitis have a
resurgence of extra-intestinal manifestations of UC in the
same way as patients who have active UC [18,19].

Proinflammatory cytokines and signalling pathways
involving transcription factors of the signal transducers and
activators of transcription (STAT) family play a pivotal role
in the pathogenesis of UC. Specifically, increased levels of
IFN-y and STAT-1 have been reported in samples from
patients with IBD, particularly in UC [20-23]. Moreover,
down-regulation of suppressor of cytokine signalling
(SOCS-3) has been studied in UC disease, where this protein
is a powerful inhibitor of the STAT family [22]. However, few
studies have evaluated inflammatory activity in asymptom-
atic ileal pouches and pouchitis [7,24-30] and determined
whether the pathophysiology is similar to that of UC
[31-35]. Therefore, in order to compare inflammatory activ-
ity in asymptomatic pouches in highly pouchitis-prone UC
patients and pouchitis-protected patients with FAP, we
employed immunoblotting assays to determine the expres-
sion of pro- and anti-inflammatory cytokines and, in order
to understand ileal pouch inflammation more clearly, the
activation of a common intracellular proinflammatory
signal transducer in biopsies from the pouches of FAP and
UC patients.

Materials and methods

Mucosal biopsies were obtained from nine patients with
non-inflamed ileo-anal pouches after rectocolectomy for UC
[median age, 48-7 (range, 31-63) years; male 44-4%; female
55:6%] and nine patients with non-inflamed ileoanal pouch
after rectocolectomy for FAP [median age, 33-8 (range,
21-59) years; male 44-4%; female 55-6%]. Six fragments of
biopsy were obtained from each patient during colonoscopic
examination. The follow-up after the operation was 73-1
(24-168) months. The reservoir design was of the T’ type in
all patients, and the right colonic vascular arcade was pre-
served as a supplementary blood supply for the terminal
ileum [36]. Mucosectomy was also performed, with hand-
sewn ileo-anal anastomosis. At the time of the study, the
patients had had their ileostomy closed for more than 1 year.
The absence of pouchitis was assessed clinically, histology
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and endoscopically, according to the Pouchitis Disease Activ-
ity Index (PDAI) [15]. The control group comprised nine
individuals with normal colonoscopy examination, with an
average of 40-9 (range, 26-58) years; 55-6% were female. Six
fragments of biopsies were obtained from the terminal ileum
of each patient by colonoscopy.

The study was performed in accordance with the Decla-
ration of Helsinki and was approved by the ethical commit-
tee of the State University of Campinas. All biopsies were
taken after informed consent from the patients. The study
was carried out at the State University of Campinas, Colo-
proctology Unit and at the Cell Signaling Laboratory in the
Department of Internal Medicine.

Mucosal biopsies from the pouches and from normal
ileum were snap-frozen in liquid nitrogen, not buffered and
stored at —80°C until use. For total protein extract prepara-
tion, the fragments were homogenized in solubilization
buffer at 4°C [1% Triton X-100, 100 mM Tris-HCI (pH 7-4),
100 mM sodium pyrophosphate, 100 mM sodium fluoride,
10 mM ethylenediamine tetraacetic acid (EDTA), 10 mM
sodium orthovanadate, 2:0 mM phenylmethylsulphonyl
fluoride (PMSF) and 0-1 mg aprotinin/ml] with a Polytron
PTA 20S generator (model PT 10/35; Brinkmann Instru-
ments, Westbury, NY, USA) operated at maximum speed for
30 s. Insoluble material was removed by centrifugation for
20 min at 9000 g at 4°C. The protein concentrations of the
supernatants were determined by the Bradford dye binding
method [37]. Aliquots of the resulting supernatants contain-
ing 100 pg total proteins were separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to nitrocellulose membranes and blotted with
anti-phospho-STAT-1, anti-IFN-y, anti-IL-10 or anti-SOCS3
antibodies [38,39]. Bovine serum albumin was used for
blocking other non-specific proteins. B-actin protein was
used to normalize all proteins analysed.

Reagents for SDS-PAGE and immunoblotting were from
Bio-Rad Laboratories (Richmond, CA, USA). Phenylmeth-
ylsulphonyl fluoride, aprotinin, Triton X-100, Tween 20 and
glycerol were obtained from Sigma (St Louis, MO, USA).
Nitrocellulose paper (BA85, 0-2 um) was from Amersham
(Aylesbury, UK). The anti-phospho-STAT-1 (sc-7988, goat
polyclonal), anti-IFN-y (sc-9344, goat polyclonal), anti-
IL-10 (sc-1783, goat polyclonal) and anti-SOCS3 (sc-7009,
goat polyclonal) antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). The proteins in
the membrane were detected by chemiluminescent reaction
(SuperSignal® West Pico chemiluminescent substrate from
Pierce Biothechnology, Inc., Rockford, IL, USA) and the
resulting bands were detected by exposure X-ray films.

All numerical results are arbitrary units expressed as the
mean = standard error of the mean (s.e.m.) of the indicated
number of experiments. Results of the blots are presented as
direct comparisons of bands in autoradiographs and quan-
tified by densitometry using Gel-Pro Analyzer 3-1 software
(Exon-Intron Inc., Farrell, MD, USA). Data were analysed by
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analysis of variance (aNova) followed by analysis of signifi-
cance (Tukey—Kramer’s multiple comparisons test) compar-
ing UC, FAP and control groups. The level of significance
was set at P < 0-05.

Results

The level of activated tyrosine phosphorylated STAT-1 was
significantly higher in UC when compared with FAP and
controls (P < 0-05), demonstrating that it can be an inflam-
matory pathway predisposing to pouchitis. In addition,
UC patients had significantly higher levels of IFN-y when
compared to controls (P < 0-05), correlating with STAT-1
activation. Although there was a tendency towards higher
IFN-y expression in UC than FAP, these were considered
similar using statistical tests (P > 0-05) (Fig. 1).

The levels of IL-10 and SOCS-3 expressions were similar
in UC, FAP and control patients (P> 0-05), although the
graphs reveal a tendency for a higher expression of these
proteins in ileal pouch of UC patients (Fig.2). B-actin
expression was similar among the groups in all experiments.

Discussion

The aetiology of primary pouchitis remains unclear, and this
has precluded the development of appropriate prophylaxis
and treatment [40,41]. A previous diagnosis of UC seems to
play an important role when compared to FAP, due to the
higher frequency of this postoperative complication in UC
patients [30].

Development of colon inflammation in UC involves
increased levels of proinflammatory cytokines, such as IFN-y
and activators of transcription of TNF-o., such as STAT-1,
which is associated with an imbalance of T cell immuno-
regulatory cytokines such as IL-10 [4,21,22,42]. The expres-
sion of IFN-y and IL-10 and activation of STAT-1 have been
reported in IBD, especially in UC. However, few studies have
evaluated the immunological activity in ileal pouches and
whether there is a tendency for inflammation in asymptom-
atic patients with ileal pouches [43]. It has been shown that
the development of pouchitis correlates with high levels of
TNF-a, IL-1pB, IL-6, IL-8 and decreased levels of IL-10 in UC
[24-26,28,29,35]. Patients with FAP, however, demonstrate
low proinflammatory cytokine expression, which correlates
with a low incidence of pouchitis [7].

Although TNF-a has an important role in inflammatory
pathways seen in IBD, IFN-y seems to play a pivotal role in
UC patients. Indeed, STAT-1, and not nuclear factor kappa B
(NF-xB), has been suggested to be the major nuclear tran-
scription factor of TNF-o activated by IFN-y in cases of UC,
detected by Western blotting [22,44]. Wu et al. [45] studied
gene expression in IBD patients and observed differences
between Crohn’s disease and UC. There was preferential
overexpression of STAT-1 and STAT-3 genes in Crohn’s
disease when compared to UC and controls. However,
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Fig. 1. Activation of signal transducer and activator of transcription-1
(STAT-1) and interferon (IFN)-y protein expression in control,
familial adenomatous polyposis (FAP) and ulcerative colitis (UC)
groups. For illustration purposes each line band represents one
patient. For all conditions, n = 09, FAP* versus control, P < 0-05;

UCS versus FAP, P < 0-05.
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Fig. 2. Expression of interleukin (IL)-10 and suppressor of cytokine
signalling (SOCS-3) in control, familial adenomatous polyposis (FAP)
and ulcerative colitis (UC) groups. For illustration purposes each line
band represents one patient. For all conditions, n = 09, FAP* versus
control, P < 0-05; UCS versus FAP, P < 0-05.
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Mudter et al. [46] reported phosphorylated STAT-1 aug-
mented in IBD, predominantly in UC, without significant
differences among UC, Crohn’s disease and controls,
although the same study revealed higher levels of STAT-1 in
T cells of Crohn’s disease without statistical significance
among the groups. This could be due to a different method
of measuring STAT-1 activation [immunofluorescence
staining and quantitative real-time reverse transcription—
polymerase chain reaction (RT-PCR)]. Low levels of sup-
pressor of cytokine signalling (SOCS-3) expression, an
inhibitor of STAT activation, were observed in UC disease
[22]. In light of this, some authors have studied IFN-y and
STAT-1 in ileal pouches and determined an increased expres-
sion of these proteins in UC patients [30-33]. However, only
one study has reported the expression of IFN-y in the ileal
pouches of FAP patients [34]; in contrast, STAT-1 has not yet
been studied in FAP. Furthermore, SOCS-3 expression has
not been studied in the ileal pouch of UC and FAP patients.

We observed that IFN-y expression was increased in the
pouch mucosa of UC patients compared with controls. In
agreement with this, STAT-1, a transcription factor respon-
sive to IFN-y, was also increased in UC patients. It is
extremely interesting that, even in such optimal clinical con-
ditions, the local levels of IFN-y and STAT-1 were higher in
UC. IEN-y, together with TNF-a, is known to play an impor-
tant role in the early steps of installation of inflammation,
recruiting and activating monocytes and playing important
roles in the induction of expression of other inflammatory
cytokines. IFN-y expression was similar in UC and FAP
patients in this study: this finding may be explained due to
the fact that patients were asymptomatic and that differences
in cytokine levels may not be detectable in the absence
of endoscopic inflammation and other anti-inflammatory
cytokines, such as transforming growth factor (TGF)-B [47],
could be blocking the main proinflammatory cytokines, such
as IFN-y, in the normal pouch considering endoscopic and
histological perspectives. Therefore, UC patients had a ten-
dency to present inflammatory activity. Such activity may
have a close connection with primary disease in these
patients, and may predispose them to frequent development
of local inflammation.

IFN-v expression and STAT-1 activation were found to be
similar in FAP patients when compared to control individu-
als, demonstrating that FAP patients do not have tendency
for pouch inflammation. IL-10 and SOCS-3 expression was
also similar in these groups, due to the fact that these are
asymptomatic; as such, a balance between pro- and anti-
inflammatory pathways may exist. It should be emphasized
that, on a clinical basis, FAP and UC patients behave in very
distinct manners. UC patients are prone to inflammatory
activity, which is the basis of their primary disease. By retain-
ing some subclinical inflammatory activity, as illustrated in
this study by the increased local levels of IFN-y and STAT-1,
UC patients may become predisposed to pouchitis. Here,
inflammation of the pouch mucosa may represent a
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recurrence of UC, and this aspect must be relevant because
of the higher incidence of pouchitis in UC patients com-
pared with FAP patients. It must be remembered that ileal
pouch surgery has been performed by surgeons for the treat-
ment of the two distinct conditions, inflammatory (UC) and
autosomal dominant proliferative disease (FAP). Studies
comparing different expression of inflammatory cytokines
in the ileal pouch of asymptomatic UC and FAP patients are
rare, and the majority of these studies concerned patients
with pouchitis. Because it may be an extremely difficult con-
dition to treat, it should be considered that the beginning of
this unpredictable condition is not completely known;
studies that focus on this aspect should be relevant.

In summary, the present study shows that, even in asymp-
tomatic conditions, patients with UC have an inflammatory
activity condition in pouches that may be similar to that
observed in UC disease. The results help to explain the higher
incidence of pouchitis in UC patients compared to FAP.
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