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SUMMARY

Activation of signal transducer and activator of transcription 1 (STAT1) is a hallmark of IFN-g receptor

signal transduction but is also part of the signalling pathway of other cytokines/growth factor receptors.

In ulcerative colitis, high levels of activation and expression of STAT1 have been observed in

comparison with both Crohn's Disease and normal controls. Pouchitis develops in some patients after

Ileal-Pouch-Anal-Anastomosis (IPAA). The pathophysiology and aetiology of pouchitis is still unclear.

Recent studies have shown an increased production of proinflammatory cytokines including IFN-g . To

investigate the expression and activation of STAT1 in pouchitis and the influence of treatment, patients

were followed longitudinally from pouch operation. Diagnosis of pouchitis was made by clinical,

endoscopic and histological criteria. Biopsies were obtained during routine endoscopy and snap frozen in

liquid nitrogen. Nuclear and cytosolic extracts were prepared and the expression and activation of

specific transcription factors were assessed by Western blot, electrophoretic mobility shift assay and

immunofluorescence. Patients who develop pouchitis show highly increased levels of STAT1a as well

as STAT1b expression and activation in comparison with both normal pouch and normal ileal mucosa.

Improvement of pouchitis during antibiotic therapy relates to a normalization of STAT1 expression and

activation. We conclude that activation of STAT1 correlates to clinical disease activity and therefore

STAT1 could play an important role in the pathophysiology of pouchitis. Similarities in the pattern of

activation of STAT1 in pouchitis and ulcerative colitis may suggest a common pathway in the

immunopathophysiology of both diseases.

Keywords Inflammation ulcerative colitis signal transduction intestinal mucosa pelvic ileal

pouch.

INTRODUCTION

Restorative proctocolectomy with ileal-pouch anal anastomosis is

a well-established surgical procedure for the treatment of ulcera-

tive colitis and familial adenomatous polyposis (FAP) [1±3].

However a major clinical complication after pouch-operation is

the development of pouch inflammation (pouchitis) [4, 5] with

15±46% of patients developing pouchitis within 5 years after

operation [6, 7]. A chronic relapsing form of pouchitis can be

distinguished from a chronic active form [8]. The aetiology of

pouchitis is still unknown. Clinical and histopathological

similarities between UC and pouchitis, coupled with the fact that

pouchitis is more frequently observed in patients with ulcerative

colitis than with familial adenomatous polyposis, has lead to the

suggestion that pathophysiological similarities exist between both

diseases [9±11]. Fecal stasis and bacterial overgrowth may play

an important role [4, 12] and might explain the efficiacy of

antibiotic treatment in pouchitis [13, 14]. Recent studies investi-

gating the activation of cytokine transcription factors in inflam-

matory bowel disease (IBD) have shown an increased expression

and activation of nuclear factor kappa B (NFkB) as well as

members of the STAT(signal transducer and activator of transcrip-

tion) family [15±17]. An increased expression and activation of

STAT1 can be found in UC [18] whereas increased NFkB

activation is seen more predominantly in Crohn's disease than in

ulcerative colitis [15].

STAT proteins are dormant cytoplasmic transcription factors

which consist of a 91-kD and a 84-kD domain, called STAT1 a
and STAT1 b . STAT proteins are phosphorylated by janus

kinases (JAK) in response to activation of cytokine and growth

factor receptors. The process is particularly well characterized in
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the interferon receptor family: Binding of ligands to the IFNg or

IFNa receptor results in dimerization of the receptor. A complex

between the receptor dimer and the kinases JAK1 and JAK2

(IFNg) or JAK1 and Tyk2 (IFNa ), respectively, induces

phosphorylation of STAT1 or STAT2 [19, 20]. The mechanisms

of STAT1 activation by other cytokine receptors (i.e. growth

hormone, EGF and IL-2) is not as well characterized as for the

interferons [21]. Activated STAT1 homo- or hetero-dimers

translocate into the nucleus and can augment transcription by

binding to specific DNA sequences in gene promoter regions of

specific genes [22].

Mucosal concentrations of proinflammatory cytokines like

interleukin-1û, interleukin-6 and interleukin-8 are increased in

pouchitis in a similiar fashion to ulcerative colitis [23, 24]. In

patients with UC and pouchitis an increase in IFNg producing

cells can be found [25]. Therefore it appears interesting to

elucidate the role of STAT1 activation in pouchitis.

MATERIALS AND METHODS

Patients

Thirty-six sequential patients who suffered from ulcerative colitis

and who underwent restorative proctocolectomy with an ileal

pouch anastomosis were included in our study. Patients were

followed longitudinally from pouch operation. Pouchitis was

diagnosed in 12 patients by histological and endoscopic criteria

using the pouchitis disease activity index [26]. Stool culture and

microscopic examination for parasites were negative.

Mucosal biopsies were obtained during routine endoscopy and

immediately snap frozen in liquid nitrogen. All patients were

treated with antibiotics (Rifaximin 2 g/d and Ciprofloxacin 1 g/d)

as part of a protocol [14] which included biopsies at week 0 and

2 weeks after therapy. Longitudinal follow up was completed in

10 patients.

Nuclear extracts

Biopsies were snap frozen during endoscopy and later homo-

genized under liquid nitrogen. Nuclear and cytosolic extracts were

prepared [27, 28] and solubilized in an aqueous buffer containing

20 mm Hepes(pH 7´9), 25% (v/v) glycerol, 0´1 m NaCl, 1´5 mm

MgCl2, 0´2 mm EDTA, 0´5 mm phenylmethylsulphonate, 0´5 mm

dithiothreitol, 1 mg/ml aprotinin, 1 mg/ml pepstatine, 1 mg/ml

leupeptine, 1 mm benzamidine, 1 mm sodium vanadate, 1 mm

NaF, 5 mm b -glycerolphosphate and NaCl.

Total cell lysates

Total cell lysates were prepared using an extraction buffer which

was heated to 1008C, containing 1% sodiumdodecylsulphate,

10 mm Tris (pH 7´9) and 1 mm sodiumvanadate. Protein concen-

trations were assessed using a modified Bradford protein assay

(Biorad, Hercules, CA). All samples were adjusted to a similar

protein content before analysis and colloidal gold staining was

performed on all membranes as a control for equal loading. It has

been previously shown that colloidal gold staining relates closely

to antihistone staining in nuclear extracts [15].

Western blot analysis

10 ml of cell lysate containing 5±10 mg protein were separated on

10% and 12% denaturing polyacrylamide gels. The separated

proteins were transferred to a polyvinylidene difluoride (PVDF)

membrane by electroblotting (Biorad), for 75 min at 20 V. The

membrane was blocked in a buffer which contained 5% non fat

milk, 10 mm Tris, pH 7´5, 100 mm NaCl and 0´1% Tween20 for

60 min at room temperature. Blocking buffer was decanted and

the membranes were incubated with primary antibody diluted in

blocking buffer on a shaker for 60 min at room temperature. After

incubation membrane was washed four times with a TBST (Tris

Buffered Saline Tween) buffer (10 mm Tris, pH 7´5, 100 mm

NaCl and 0´1% Tween20). The secondary antibody (enzyme

conjugated human antimouse IgG (horseradish peroxidase)) was

diluted in blocking buffer and membranes were incubated for

60 min at room temperature (gently shaking). After a final

washing step with TBST-buffer, protein bands were detected by

chemiluminescence (Boehringer Mannheim) digitized and ana-

lysed by optical densitometry (Image Quant).

Electrophoretic mobility shift assay

The electrophoretic mobility shift assay (EMSA) was used to

detect actived STAT1 [29, 30]. Nuclear protein-oligonucleotide

binding studies were carried out for 30 min at 248C in a 12´5-ml

reaction volume containing 20 mm Hepes, pH 7´9, 10% glycerol,

1 mm MgCl2, 0´1 mm EGTA, 0´5 mm DTT, 0´25 mg/ml Poly d(I-C),

1 mg 32P-labelled oligonucleotide probe and 10 mg nuclear

protein. Protein-DNA complexes were separated on 6% poly-

acrylamide gels [31]. The used oligonucleotide sequence for the

STAT1 detection was the Fcg R1-GAS (gamma interferon

activation site) (5 0tcgagtatttcccagaaaaggaac).

The specific retarded protein-bands were detected by auto-

radiography. The binding specificity was confirmed by incubating

the samples with relevant as well as irrelevant oligonucleotides

(b -casein GAS (5 0ctgaagatttctaggaattcaaatc), ISG15-ISRE (inter-

feron stimulated response element) (5 0tcgagggaaaccgaaactg) and

unlabelled FcgR1-GAS in 10-fold molar excess to compete

binding. Incubation with anti-STAT1 antibody was used to block

STAT1 signal.

Tissue processing and immunofluorescence

Biopsies were embedded in cryomatrix and snap-frozen in liquid

nitrogen. Cryostat sections (7 mm thickness) were thaw-mounted

on Superfrost w slides, postfixed for 5 min in acetone, airdried

and stored at 2208C before staining. Two slides of each biopsy

were stained with haematoxylin-eosin for evaluation by routine

histopathology. The other slides were permeabilized with 0´1%

Triton X-100 in 0´1 m phosphat buffered saline (PBS), washed

three times in PBS and blocked with 0´75% bovine serum albumin

(BSA) in PBS. Sections were subsequently incubated with the

respective antibodies (anti-STAT1 monoclonal antibody, Trans-

duction Laboratories, Lexington, KY) all at 1 : 100 dilution in

0´75% bovine serum albumin in PBS for 1 h. After washing in

PBS, tissue bound antibody was detected using biotinylated goat-

antimouse IgG antibodies (Vector), followed by an avidin-FITC

conjugated antibody (Vector), both diluted at 1 : 100 in 5%

human serum. Controls with an irrelevant first antibody as well as

secondary antibody and avidin-FITC were performed. Nuclear

counterstaining with bisbenzimide was performed.

Fluorescence was detected by an Axiophot microscope (Zeiss,

Germany) with the appropriate filter systems and photographs

were taken on Provia 1600 colour films (Fuji). The numbers of

STAT1 positive cells were counted in each sample per viewfield

(magnification � 400).
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Expression of data

Results were expressed as mean ^ standard deviation, if not

indicated otherwise. Statistical significance of the differences was

examined with the student t-test for normally distributed data and

with the Mann Whitney U-test or the Wilcoxon matched pairs test,

respectively, for non-normally distributed data [32, 33]. Distribu-

tion of data was evaluated by calculating Lilliefors probabilities

based on the Kolmogorov-Smirnov test [34].

RESULTS

Expression of STAT1 protein

Total cell lysates of pouchitis mucosal biopsy samples were

assessed by western blot for protein expression of STAT1.

Increased amounts of STAT1 could be detected in non inflamed

pouch ileal mucosa in comparison with preoperative normal

terminal ileum (Fig. 1). Patients who developed pouchitis showed

highly increased levels of STAT1a and b in comparison with

both normal ileum and normal pouch mucosa (Fig. 1, P , 0´05

and P , 0´05, respectively).

Biopsies from patients who had undergone an ileoanal pouch

procedure after colectomy for familial adenomatous polyposis

(FAP) served as controls. These samples showed low levels of

STAT1 which were similiar to non inflamed pouch biopsies (data

not shown). In 10 cases mucosal biopsies were taken at the time

pouchitis was diagnosed and after antibiotic therapy, which was

clinically successful in 9 patients (Table 1). After successful

therapy, increased protein levels of STAT1a and b in pouchitis

returned to levels similiar to non inflamed pouch (P , 0´5)

(Fig. 1).

Oligonucleotide binding activity of STAT1

Electrophoretic mobility shift assay analysis demonstrated high

levels of specific oligonucleotide binding activity of STAT1 in

pouchitis which was greatly reduced by successful treatment.

Western Blot confirmed an increased concentration of STAT1 in
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Fig. 1. Normal ileum, normal pouch and pouchitis before (b) and after (a) treatment were analysed for STAT1 by Western blot. In pouchitis

a marked upregulation of the 91 kD STAT1 a domain (P , 0´05) and the 84 kD b domain (P , 0´05) expression is observed, which

returns to levels of normal, uniflamed pouch after successful treatment. Comparison was made against normal controls. The Western blot

was calibrated with a set of HT29 derived standards.
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Table 1. The pouchitis activity index (26) of all patients was equal or higher than 8 score points before treatment. After successful treatment, the pouchitis

activity index decreased to 0 or 1 in 9 of 10 patients. Only 1 patient's pouchitis did not resolve after treatment. The patients did not receive any pretreatment

Patient

No.

Pouchitis activity index

before treatment

Pouchitis activity index

after treatment Sex Age

Duration of ulcerative

colitis (years)

Extension

of colitis

1 12 0 Female 25 7 Pancolitis

2 11 0 Male 31 5 Pancolitis

3 10 0 Male 40 12 Pancolitis

4 8 1 Female 39 17 Pancolitis

5 9 1 Female 29 4 Pancolitis

6 12 0 Male 41 10 Pancolitis

7 12 7 Female 32 9 Pancolitis

8 11 0 Male 33 18 Pancolitis

9 9 1 Male 46 21 Pancolitis

10 10 0 Female 24 9 Pancolitis

Fig. 2. Active STAT1 was detected by electrophoretic mobility shift assay.In normal control ileum (nc) no active STAT1 was found,

whereas high levels of activation were seen in pouchitis biopsies before anti-inflammatory treatment (b). Normal pouch (pouch) showed

only weak signals of STAT1 binding in comparison to pouchitis. Pouchitis after treatment (a) shows no active STAT1. THP1 cells, which

were stimulated with g-interferon served as a positive control, unstimulated THP1 cells as negative control.

Fig. 3. g -interferon induced THP1 and uninduced THP1 cells (controls) were used to define the specificity of the EMSA experiments.

Induced THP1 cells showed a strong signal whereas no active STAT1 could be detected in uninduced THP1 cells. Additionally incubation of

extracts from g -interferon induced THP1 cells with anti-STAT1 antibody blocks oligonucleotide binding. Lanes 4 and 5 show an incubation

with cold specific oligonucleotides (Fcg R1 and b-Casein GAS) which compete binding. An irrelevant oligonucleotide (ISG15ISRE) in lane

6 does not affect binding.
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nuclear extracts from pouch biopsies. Successful treatment greatly

reduced the amount of nuclear STAT1 concentrations (Fig. 2).

Normal pouch showed no or weak STAT1 signals in oligonucleo-

tide binding studies. The identity of STAT1 as the major part of

the complex was confirmed by controls with blocking antibodies,

unlabelled specific oligonucleotides and irrelevant oligonucleo-

tides (Fig. 3).

Immunofluorescence

Immunofluorescence studies of pouchitis tissue demonstrated

large numbers of STAT1 positive cells in the colonic mucosa of

pouchitis biopsies before treatment in comparison with normal

ileum and non inflamed pouch. The number of STAT1 positive

cells was markedly decreased by successful antibiotic treatment of

pouchitis (Fig. 4a-c, Fig. 5). Bisbenzimide staining demonstrated

Fig. 4. (a-c) Detection of STAT1 by immunofluorescence in (a) non inflamed pouch and in pouchitis (b) before and (c) after treatment. The

number of STAT1 positive cells in pouchitis returned to non inflamed levels after therapy. (d-f) An isotype control monoclonal antibody was

used for immunofluorescence studies in (d) non inflamed pouch biopsy samples, (e) pouchitis biopsies before treatment and (f) pouchitis

biopsy samples after antibiotic treatment. No specific signals could be detected. Representative of five identical eperiments.
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that most of the STAT1 staining was confined to the nucleii (not

shown). An isotype control monoclonal antibody was used for

controls (Fig. 4d-f).

DISCUSSION

The immunopathogenesis of pouchitis is unclear. Whether

inflammation of the pouch mucosa represents a recurrence of

immune mechanisms seen in ulcerative colitis or whether

pouchitis represents a new form of inflammatory bowel disease

remains a topic of discussion [35]. It appears that the final effector

mechanisms are similiar between ulcerative colitis and pouchitis:

IgG containing plasma cells and RFD91 macrophages are

increased in the intestinal lamina propria in pouchitis as well as

in UC [36±38].

Proinflammatory cytokines, which include interleukin-1û,

TNFa , interleukin-8 and interleukin-12, play an important role

in pouch inflammation [39, 40]. Signal transduction of cytokine/

growth factor receptors involves the activation of transcription

factors as part of the signal transduction pathway. The control of

transcriptional events is exerted at specific sites in gene promoter

regions.

Our study shows a significant increase of the expression and

activation of the proinflammatory transcription factor STAT1 in

biopsies from pouchitis patients in comparison with both

uninflamed pouch mucosa and normal preoperative ileum.

Patterns of STAT1 activation in pouchitis parallel our previous

findings in ulcerative colitis [18]. In contrast, only a small degree

of STAT1 activation was described in Crohn's disease [22] and

was found in mucosal biopsies from patients with FAP.

Recent studies demonstrated an increased number of IFNg
producing cells in biopsies from inflamed pouch mucosa [25]. Our

finding of an increased activation of STAT1 in pouchitis are in

agreement with these reports.

An increase in the permeability of pouch mucosa, which has

been documented in pouchitis [38], would facilitate bacterial

invasion into the pouch epithelium. The increased expression and

activation of STAT1 in normal pouch mucosa in comparison with

normal preoperative ileum may point to the important role of the

faecal flora and the adaptation of the ileal pouch mucosa. The

exact nature of the interaction between faecal bacteria with pouch

mucosa is still debated [41±44].

STAT1 expression and activation paralleled the clinical

response to treatment, confirming our view that STAT1 is an

important player in the disturbed immune regulation in pouchitis.

The data before and after treatment show highly increased STAT1

expression and activation in active pouchitis which revert to

normal levels after treatment.

Our data suggest that STAT1 activation may be an important

factor in the pathophysiology of pouchitis. Among other

candidates, IFNg may be a major player in activating STAT1 in

this setting. The immunological and clinical success of antibiotic

therapy, as well as the fact that normal pouch already shows

increased levels of STAT1 expression and activation in compar-

ison with normal preoperative ileum, support our interest in

exploring the role of fecal bacteria in the pathophysiology of

pouch inflammation in further studies.
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