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Background: Increased expression of proinflammatory cytokines, including tumour necrosis factor α,
interleukin 6, and interferon γ, as well as activation of proinflammatory signalling molecules such as
nuclear factor kappa B, is characteristic of inflammatory bowel disease (IBD).
Aims: To investigate expression and activation of signal transducer and activator of transcription
(STAT) 1 in patients with IBD.
Patients: Patients with active IBD (n=42), disease specificity controls (n=8), and normal controls (n=12)
were investigated.
Methods: Expression and activation of STAT1 were assessed by western blotting and electrophoretic
mobility shift assays in extracts of endoscopic colonic biopsies. Cellular localisation was determined by
immunohistochemistry.
Results: Western blots and immunohistochemical staining revealed an increase in STAT1 expression
and activation in mucosal samples from ulcerative colitis and to a lesser extend in Crohn’s disease
patients. High levels of suppressor of cytokine signalling (SOCS)-3 expression, an inhibitor of STAT
activation, were observed in Crohn’s disease patients and normal controls in western blot experiments
whereas no differences were observed for SOCS-1 expression. Phosphorylated (p) STAT1 was mainly
detected in monocytic cells and neutrophils in the inflamed mucosa. Induction of remission by systemic
glucocorticoids led to a decrease in levels of pSTAT1. In vitro studies indicated a direct effect of steroid
treatment on STAT1 activation.
Conclusions: Expression and activation of STAT1 are predominantly heightened in ulcerative colitis
and may therefore play an important role in the pathophysiology of colonic inflammation.

Inflammatory bowel disease (IBD) is characterised by a dys-

regulated mucosal immune response. The pathophysiology

of this regulatory defect is reflected by a distorted balance of

regulatory cytokines.1 2 In IBD as well as most animal models

resembling IBD, enhanced secretion of proinflammatory cyto-

kines is observed whereas contra-inflammatory cytokines

may not be secreted in adequate amounts or their activity

inhibited.3–7 The primary regulatory pathways for many of the

functional and anatomical alterations found in IBD, which

include increased permeability for macromolecules and tissue

destruction, are unclear.7 8

The IBD phenotype can be subclassified into Crohn’s disease

and ulcerative colitis using clinical, endoscopic, histological,

and radiological characteristics.9 Given the substantial clinical

differences between Crohn’s disease and ulcerative colitis, the

search for distinctive immunological characteristics in each of

these subtypes is of interest. Patterns of cytokine secretion

have been investigated for their potential to unveil specific

immunological disturbances related to IBD subtypes. In mice,

T helper cell type 1 (TH1) driven models of intestinal inflam-

mation were generated which share similarities with human

IBD.10 11 However, some investigators have found a preponder-

ance of TH1 cytokine secretion in patients with Crohn’s

disease and of TH2 cytokine secretion in ulcerative colitis.12–14

Other data indicate increased production of the TH2 cytokine

interleukin (IL)-413 as a critical step in the development of

early lesions of Crohn’s disease. The TH1 cytokine interferon γ
(IFN-γ) and cytokines with an IL-12-like activity may be

major components of the pathophysiology of pouchitis and

ulcerative colitis, respectively.14 15 Therefore, interpretation of

ex vivo cytokine assessments and of data from animal models

of colitis with regard to human IBD appears to be difficult.

Most cytokines specifically activate transcription factors to

regulate expression of specific genes. Whereas tumour necrosis

factor α (TNF-α) and IL-1β preferentially induce activation of

the nuclear factor kappa B (NFκB) system,16 17 many other

growth factors and cytokines activate proteins of the signal

transducer and activator of transcription (STAT) family.18 19 STAT

proteins are dormant cytoplasmic transcription factors which

become activated after phosphorylated by Janus kinases (JAK)

or other kinases in response to binding of cytokine or growth

factor receptors.20 21 The activated protein migrates into the

nucleus and binds to specific promoter elements to regulate

gene expression. STAT regulated genes include the Fcγ
receptor,22 inducible nitric oxide synthetase,23 major histocom-

patibility class II,24 and intercellular adhesion molecule 1

(ICAM-1).25 The cophosphorylation of other STAT family

molecules appears to be an important mechanism to confer the

specificity of transcriptional regulation. In 1997, a new group of

proteins was described which specifically inhibit activation of

members of the STAT family.26 These proteins are called
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suppressors of cytokine signalling (SOCS). SOCS-1 and -3 have

been shown to inhibit phosphorylation of STAT1 and STAT3.27 28

Signal transduction abnormalities have been demonstrated

previously in Crohn’s disease and animal models of IBD—for

example, for the NFκB system.29 30 We have assessed activation

of STAT1 in IBD because many immune regulatory genes con-

tain STAT binding sites in their promoter regions. In addition,

activation of STATs is important for signalling of many

cytokine and growth factor receptors. The status of STAT acti-

vation and its expression were assessed in snap frozen tissue

from diseased human intestine with different methodologies.

The data presented here demonstrate the increased nuclear

accumulation of STAT1 in IBD. A preponderance of STAT1

activation is seen in ulcerative colitis in comparison with

Crohn’s disease, indicating an important role for this protein

and eventually TH1 driven immunity in the pathophysiology

of colonic inflammation.

MATERIAL AND METHODS
Patients
A total of 14 patients with clinically active Crohn’s disease and

28 patients with active ulcerative colitis participated in the

study. Patients were recruited from the outpatient clinics of

the Charité University Hospital, Berlin, the Tabea Hospital for

Inflammatory Bowel Disease, Hamburg, and the Hospital of

the Christian-Albrechts-University, Kiel, Germany. All pa-

tients were seen because of increased clinical activity. At the

time mucosal biopsies were obtained, 8/14 patients with

Crohn’s disease and 24/28 patients with ulcerative colitis

received treatment with oral salicylates (mesalazine—

Salofalk, Claversal, or Pentasa; salazosulphapyridine—

Azulfidine or Colopleon; olsalazine—Dipentum) in doses up to

4.5 g/day. None of the patients received steroids and/or

cytotoxic drugs, immunosuppressives, or antibiotics. All IBD

patients underwent sigmoidoscopy or colonoscopy for routine

clinical evaluation. Diagnosis had been established by clinical,

endoscopic, histological, and/or radiological criteria. The pres-

ence of infection or parasites was excluded by stool cultures,

microscopic stool examination, and serology (Yersinia, Campy-
lobacter). Nine patients with ulcerative colitis were followed

until glucocorticoid induced remission. Normal controls

(n=12) were age and sex matched healthy volunteers. Disease

specificity controls included patients with diverticulitis,

salmonellosis, and infectious enterocolitis. The study was

approved by the institutional review board. Patients gave

written informed consent 24 hours prior to the procedures.

Extracts
For electrophoretic mobility shift assays (EMSAs), snap frozen

biopsies were pulverised in liquid nitrogen and nuclear and

cytosolic extracts were prepared as previously described.29

Protein concentration was assessed by a modified Bradford

protein assay (Biorad, Hercules, California, USA) and all sam-

ples were adjusted to an equal protein concentration.

Isolation of peripheral blood monocytes
Peripheral blood monocytes were isolated as previously

described.6 Briefly, 15 ml of Lymphoprep solution (Nycomed,

Denmark) were placed into 50 ml Leucosep tubes (Greiner,

Germany) and centrifuged for two minutes at 100 g until the

entire solution was below the frit. Whole blood (30 ml)

containing 1 mM EDTA as anticoagulant was directly poured

onto the frit followed by centrifugation at 800 g for 15 minutes

at room temperature. The resulting interphase was collected

and washed twice with sterile phosphate buffered saline

(PBS). The cells were counted, resuspended in RPMI with 10%

fetal calf serum, plated on six well plates, and incubated for

two hours at 37°C. Non-adherent cells were removed by wash-

ing with 2 ml of ice cold PBS and the remaining monocytes

were overlayed with 2 ml of fresh medium (37°C). The viabil-

ity of the cells was determined by trypan blue staining and

purity was examined by flow cytometry according to standard

procedures and reached 80–90%.

Western blotting and quantification
Total protein (10 µg per lane) was separated on a 10%

denaturing polyacrylamide gel and transferred to a polyvinyli-

dene difluoride membrane (0.8 mA/cm2, 75 minutes, transfer

buffer: 25 mM Tris, 190 mM glycine, 20% MeOH, 0.5% sodium

dodecyl sulphate) by semidry electroblotting (Biorad). The

membrane was blocked for 60 minutes at room temperature

with 5% non-fat dry milk in TTBS (10 mM Tris (7.5), 100 mM

NaCl, 0.1% Tween-20). The primary antibody was diluted

1:250 to 1:1000 in blocking buffer and placed on the

membrane for 60 minutes at room temperature. After washing

with TTBS, the membrane was incubated with a peroxidase

conjugated secondary antibody, which was diluted 1:1000 in

blocking buffer for 20 minutes at room temperature. Detection

was performed by incubation with ECL Plus (Amersham, Ger-

many) and exposed to radio film. Bands were quantified by

densitometry (ImageQuaNT; Molecular Dynamics, Sunnyvale,

California, USA). Western blots were standardised by addition

of geometrically diluted appropriate cell lysates. On the basis

of these standards, the bands of the scanned films were

normalised to an arbitrary intensity unit.

Electrophoretic mobility shift assay (EMSA)
Extract (2 µl=5 µg of protein) was incubated with 0.5 ng of
33P-labelled GAS containing oligonucleotide (from the pro-

moter of the human FcγRI gene: 5′-
GTATTTCCCAGAAAAGGAAC-3′) in a total reaction volume of

10 µl supplemented with 2 µl of 5× Gelshift binding buffer

(Promega, Madison, Wisconsin, USA) for 20 minutes at room

temperature. After addition of 1 µl of 10× loading buffer the

entire reaction mixture was run for 45 minutes on a 4% poly-

acrylamide gel with 0.5× TBE (1.8 mM Tris (8.3), 50 µM EDTA,

1.8 mM borate) at 300 V. The gel was dried, exposed over night

at room temperature to an imaging plate, and finally analysed

with a Fuji FLA3700 phosphoimager. Supershift or competi-

tion experiments were performed by adding 1 µl of antibody or

a 50-fold molar excess of unlabelled oligonucleotide (β-

casein-gamma interferon activation site (GAS): AGATT-

TCTAGGAATTCAAATC; NFκB: AGTTGAGGGGACTTTC-

CCAGGC; activator protein 1 (AP-1):

CGCTTGATGAGTCAGCCGGAA) to the binding reaction.

Immunofluorescence and grading of histology
Biopsies were embedded in cryomatrix and snap frozen in liq-

uid nitrogen. Cryostat sections (7 µm) were thaw mounted on

Superfrost slides (Menzel/Merck Ltd, Poole, UK), postfixed for

five minutes in acetone, air dried, and stored at −20°C before

staining. Two slides of each biopsy were stained with

haematoxylin-eosin for routine histopathology. On the other

slides, tissue sections were made permeable with 0.1% Triton

X-100 in 0.1 M PBS, washed three times in PBS, and blocked

non-specifically with 0.75% bovine serum albumin in PBS.

Subsequently, sections were incubated for 60 minutes with the

appropriate antibody diluted 1:100 to 1:200 in 0.75% bovine

serum albumin. After washing in PBS, tissue bound antibody

was detected using biotinylated goat-antimouse IgG antibod-

ies (Vector Laboratories, Burlingame, California, USA), fol-

lowed by avidin-FITC (Vector Laboratories), both diluted at

1:100 in 5% human serum. Stainings with an irrelevant

primary antibody, only with secondary antibody, and avidin-

FITC served as controls. Nuclear counterstaining with bisben-

zimide was performed. Fluorescence was visualised using an

Axiophot microscope (Zeiss, Jena, Germany) with the appro-

priate filter systems, and photos were taken on Provia 1600

colour films (Fuji, Dusseldorf, Germany).

Inflammatory activity was graded as follows

(haematoxylin-eosin stained slides): 0, no or non-significant
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inflammatory activity; 1, significant inflammation present;

and 2, severe changes. Parameters were intensity of the

inflammatory infiltrate (neutrophils, mononuclear cells) and

severity of destruction of the normal micro architecture. In

order to be assigned to the “severe” category, a dense inflam-

matory infiltrate had to be present in conjunction with

significant alterations of the micro architecture.

Other biochemicals
Fetal calf sera were purchased from Gibco (Grand Island, New

York, USA) or Sigma (St Louis, Missouri, USA). All antibodies

were purchased either from Santa Cruz Biotechnology (Santa

Cruz, California, USA), BD Pharmingen (San Diego, Califor-

nia, USA), Dianova (Hamburg, Germany), or New England

Biolabs (Beverly, Massachusetts, USA). All other chemicals

were obtained from Sigma if not otherwise specified.

Expression of data
The symbol n refers to the number of experiments. All experi-

ments were carried out three or more times. Normal distribu-

tion of the data was evaluated by calculating Lilliefors

probabilities based on the Komolgorov-Smirnov test.31 32

Statistical significance of the differences for non-normally

distributed data was tested using the Mann-Whitney U test or

the Wilcoxon matched pairs test.33 Results are expressed as

mean (SD) if data followed a normal distribution or as median

(interquartile range) if data were non-normally distributed.

RESULTS
Nuclear expression levels of STAT1 are increased in
IBD and correlate with the endoscopic and histological
activity of the disease
During activation, STAT proteins translocate into the nucleus.

The amount of STAT1 in nuclear extracts of snap frozen

colonic mucosal biopsy tissues was determined by western

blot followed by densitometric measurement (fig 1A).

Increased nuclear amounts of STAT1 (median 1.73 (interquar-

tile range 1.4–2.8) arbitrary units, n=22) were detected in

biopsies from patients with ulcerative colitis in comparison

with both Crohn’s disease patients (0.92 (0.45–1.21), n=10;

p<0.01) and normal controls (0.20 (0.16–0.28), n=12;

p<0.01). Nuclear levels of STAT1 in biopsies from inflamed

mucosa were not different between similarly inflamed

anatomical regions (for example, left sided colon versus right

sided colon in ulcerative colitis; not shown). Patients with

infectious colitis were examined to determine the specificity of

our findings. In patients with non-IBD colonic inflammation,

nuclear levels of STAT1 were increased (1.06 (0.6–1.6), n=8)

in comparison with normal controls (p<0.01) although still

considerably lower than in ulcerative colitis.

High total protein expression levels of STAT1 were found in

unfractionated intestinal mucosal samples of patients with

ulcerative colitis (2.19 (1.39–2.75), n=20) in comparison with

patients suffering from Crohn’s disease (0.95 (0.23–1.44),

n=10; p<0.05) and normal controls (0.17 (0.05–0.23), n=12;

p<0.001) (not shown). Total expression of STAT1 in Crohn’s

disease was statistically different from normal controls

(p<0.005). Samples were obtained from the same anatomical

sites as the biopsies used for nuclear extracts.

To examine whether nuclear levels of STAT1 correlate with

disease activity, biopsies were obtained from patients with

different degrees of endoscopic activity. Endoscopically non-

involved mucosa from patients with ulcerative colitis showed

increased levels of STAT1 in nuclear extracts (median 0.76

(interquartile range 0.53–1.13), n=9) in comparison with biop-

sies from normal controls (0.2 (0.16–0.28), n=12; p<0.05).

Levels in endoscopically inflamed mucosa were considerably

higher in comparison with samples from macroscopically non-

inflamed tissue of the same patient (1.4 (0.73–2.3), n=9;

p=0.011). Comparison of different degrees of histological activ-

ity is demonstrated in the western blot in fig 1B. This indicates

that the degree of histological inflammation, as rated by an

independent examiner, was related to nuclear accumulation of

STAT1. The endoscopically “non-involved” mucosa, as described

above, was associated with a histological degree of inflamma-

tion of 0 or 1 (on a scale of 0–2).

Phosphorylation and DNA binding activity of STAT1 is
predominantly increased in ulcerative colitis
Activation of STAT1 as a regulator of transcription requires both

phosphorylation and nuclear translocation of the factor, and

leads to binding of specific DNA sites. To examine whether

increased nuclear accumulation of STAT1 in IBD is associated

with an increased level of activated (phosphorylated) STAT1,

tyrosine phosphorylation of STAT1 was determined by western

blot with a PY701-STAT1 specific antibody. All membranes were

stripped and reprobed with a STAT1 specific antibody. STAT1

phosphorylation was then expressed as the ratio between the

amount of phosphorylated (p) STAT1 and the total amount of

STAT1 in the biopsies (fig 2A). Patients with ulcerative colitis

exhibited higher levels of tyrosine phosphorylated STAT1 in the

intestinal mucosa (mean 1.73 (SD 0.75), n=7; p=0.0048) in

comparison with normal controls (0.84 (0.45), n=7) or Crohn’s

disease (1.29 (0.4), n=7; p=0.0017). An example western blot

of these sets of experiments is shown in fig 2B.

To assess the DNA binding activity of STAT1 in IBD, EMSAs

were performed. Nuclear extracts from four different normal

control biopsies or biopsies from ulcerative colitis (n=5) and

Crohn’s disease (n=4) patients were incubated with a
33P-labelled oligonucleotide containing the GAS site from the

FcγRI promoter, and DNA/protein complexes were separated

on an acrylamide gel (see methods). Figure 3 shows a

representative result obtained with one extract from each

investigated group. A strong DNA binding complex was

detected in ulcerative colitis homogenates but not (as shown),

or to a significantly lesser degree, in Crohn’s disease and nor-

mal control samples. STAT binding to the 33P-labelled oligonu-

cleotide was characterised by competition experiments with

an excess of different unlabelled specific (FcγRI-GAS,

β-casein-GAS) and unspecific (NFκB binding site, AP-1 bind-

ing site) oligonucleotides or coincubation with different

specific anti-STAT antibodies, as outlined in the figure legend.

The specificity of each antibody used has been reported previ-

ously. These experiments demonstrate that the DNA binding

Figure 1 (A) Levels of signal transducer and activator of
transcription 1 (STAT1) in the nuclear extracts of colonic biopsies.
Extracts were examined by western blot with specific monoclonal
antibodies. CD, Crohn’s disease; UC, ulcerative colitis; IC,
inflammatory controls. (B) Nuclear levels of STAT1 were determined
by western blot in colonic mucosal biopsies from UC patients in
relation to the histological degree of inflammation (grade 0, mild;
grade 1, moderate; grade 2, severe). Representative of three
experiments with identical findings.
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complex detected in IBD mainly contains STAT1 but also lower

amounts of STAT3.

Increased STAT1 expression in ulcerative colitis is
mainly restricted to infiltrating neutrophils and
monocytes in the lamina propria
To localise the anatomical site and type of cells in the lamina

propria which contribute to the high expression and activation

of STAT1, immunofluorescence studies were performed. Frozen

sections from normal controls (n=5) and from patients with

ulcerative colitis (n=6) and Crohn’s disease (n=5), which were

obtained in parallel from the same sites as the biopsies used for

the cell biology studies, were stained with an anti-PY701-STAT1

antibody (fig 4A). Large numbers of cells were stained by the

anti-pSTAT1 antibody in patients with ulcerative colitis but con-

siderably less positive cells were detected in patients with

Crohn’s disease and only rarely in normal controls. Positive cells

were exclusively found in the lamina propria. To investigate

whether activation of STAT1 in ulcerative colitis is restricted to

particular cell types, we used an anti-pSTAT1 antibody in com-

bination with different cell type specific antibodies against neu-

trophils (human neutrophilic peptide), eosinophils (eosi-

nophilic peroxidase), monocytes/macrophages (CD68), and T

cells (CD3) (fig 4B). Detection of pSTAT1 was clearly associated

with neutrophils and monocytic cells but not with eosinophils

or T cells. The same results were obtained when the fluorescence

dyes of the secondary antibodies were inverted, which demon-

strated the specificity of our results.

Expression of the suppressor of cytokine signalling
(SOCS)-3 in IBD
Altered levels of STAT1 activation could be based on different

levels of SOCS-1 and SOCS-3 expression in ulcerative colitis and

Crohn’s disease. Therefore, levels of both proteins were

examined by western blot in total extracts of biopsies from

active IBD patients and compared with controls (example blot

shown in fig 5). Colonic biopsies from patients with active

ulcerative colitis showed lower protein levels of SOCS-3 protein

expression (median 0.5 (interquartile range 0.3–0.9) arbitrary

units, n=9) than active Crohn’s disease patients (2.2 (1.2–3.1),

n=9; p=0.004) or normal controls (2.0 (1.54–2.75), n=8;

p=0.005). The same extracts were also investigated for SOCS-1

expression but all signals remained near or even less than the

detection levels of the antibodies used (not shown). SOCS-1 and

SOCS-3 could not be detected by immunohistology.

STAT1 phosphorylation is decreased after
glucocorticoid treatment
Biopsies from nine IBD patients were derived before and 2–4

weeks after beginning steroid therapy, and pSTAT1 levels were

investigated by western blot. All patients received prednisolone

(equivalent) in a dose of 60 mg for two weeks, which was then

reduced to 40 mg (one week) and 30 mg (one week). Patients

reached clinical remission after conclusion of the treatment.

IBD patients before therapy (ratio between pSTAT1 and STAT1:

mean 1.68 (SD 1.12)) showed significant downregulation of

STAT1 phosphorylation after treatment (0.59 (0.3); p<0.05) (fig

6A). To examine whether downregulation of STAT1 phosphor-

ylation is a direct effect induced by glucocorticoids or is second-

ary to the reduced level of inflammation, further in vitro assays

were performed by treating isolated peripheral blood monocytes

for different times with IFN-γ (1000 U/ml) and/or 10 µM of

prednisolone (fig 6B). These experiments indicated that gluco-

corticoids directly inhibited IFN-γ mediated STAT1 phosphor-

ylation, as shown in the last lane (see fig 6B). Simultaneous

stimulation of the cells with IFN-γ and prednisolone also

resulted in marked loss of STAT1 phosphorylation (not shown).

Similar results were obtained in additional experiments with

monocytic THP-1 cells (not shown).

DISCUSSION
The normal non-inflamed mucosal immune system is charac-

terised by a delicate balance between pro- and contra-

inflammatory cytokines. The preponderance of proinflamma-

tory cytokines, which is observed in IBD, has led to the

Figure 2 (A) Phosphorylation of signal transducer and activator of
transcription 1 (pSTAT1) in the intestinal mucosa from patients with
ulcerative colitis (UC) or Crohn’s disease (CD) and normal controls
(N). STAT1 phosphorylation was expressed as the ratio of pSTAT1 to
total STAT1. Every membrane was probed with an anti-PY701-STAT1
antibody and afterwards reprobed with a STAT1 specific antibody
(an example is shown in (B)).
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Figure 3 Representative electrophoretic mobility shift assay for
assessment of signal transducer and activator of transcription
(STAT)/DNA binding complexes in colonic mucosal biopsies from a
control (N) subject, and two patients with ulcerative colitis (UC) or
Crohn’s disease (CD). The specificity of the complex was examined
by cold competition with a 25-fold molar excess of unlabelled
FcγRI-GAS (lane 4), β-casein-GAS (lane 5), nuclear factor kappa B
(NF-κB) binding (lane 6), or activator protein 1 (AP-1) binding (lane
7) oligonucleotides. The existence of STAT proteins in the DNA
binding complex was assessed by parallel use of different anti-STAT
antibodies (lanes 8–12). The last lane represents a control with an
isotype specific control antibody.
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development of therapeutic approaches that aim to readjust

the balance (for example, the introduction of monoclonal

antibodies directed against TNF-α34 35 or systemic application

of the contra-inflammatory cytokine IL-106 36 37). Analysis of

cytokine dysregulation by assessment of cytokine secretion or

expression in the mucosa may not completely represent the

pathophysiological process. The biological activity of cytokines

is dependent on interaction between mediators with their

receptors and on the microenvironment of secretion.

Analysis of cytokine induced transcription factor activation

may reveal additional insights into key steps of regulation of the

complex cytokine network. Activation of the NFκB system as a

major cytokine signalling pathway has recently been described
in different chronic inflammatory disorders, including Crohn’s
disease.29 30 38 However, activation of this system does not
completely explain the nature of the inflammatory process.
Many immunoregulatory genes contain multiple binding sites
for transcription factors, including members of the STAT family.
The mechanisms resulting in specificity of transcriptional regu-
lation by STATs (in particular STAT1), which are involved in sig-
nalling of many cytokine receptors, are still unclear. Specificity
may be reached through the sequential and cooperative binding
of multiple transcription factors.39

Specific activation of STAT1 was demonstrated previously in
other chronic inflammatory diseases, including asthma and
rheumatoid arthritis.40 41 In this study, we demonstrated that
ulcerative colitis and Crohn’s disease are characterised by
increased expression and activation of STAT1 in the intestinal
lamina propria. Activation of this transcription factor was
found consistently using different assays targeting nuclear
accumulation, phosphorylation, or functional activity of
STAT1, respectively. The predominance of STAT1 activation in
ulcerative colitis in comparison with Crohn’s disease was not
due to differences in inflammatory activity, as demonstrated
by similar histological activity and by high levels of NFκB p65
in Crohn’s disease in the same set of nuclear extracts of biopsy
tissue (data not shown). Most interestingly, STAT1 can also
inhibit activation of NFκB under certain conditions.42

Immunohistology localised high levels of phosphorylated
STAT1 to neutrophils and monocytic cells in the lamina
propria. Increased infiltration with neutrophils and macro-
phages is a hallmark of the intestinal immunopathology of
IBD. We therefore conclude that the observed elevation of
STAT1 activation and expression in the intestinal mucosa is
partially due to increased infiltration with STAT1 expressing
cells. However, the heightened ratio between phosphorylated
and total STAT1, as depicted in fig 2A, indicates an over
proportional increase in STAT1 activation in ulcerative colitis.
Therefore, both an increase in total levels but also a true acti-
vation are seen. We suggest that increased STAT1 activation in

Figure 4 (A) Immunostaining for phosphorylated signal transducer
and activator of transcription 1 (pSTAT1). Distinct staining with high
numbers of positive cells were detected in ulcerative colitis (UC) in
comparison with Crohn’s disease (CD) or normal controls (N). The
control shows a staining experiment with an irrelevant isotype
antibody in a patient with ulcerative colitis. Arrowheads indicate the
position of stained cells. (B) Double staining of UC biopsies with an
anti-pSTAT1 antibody (green) and cell type specific antibodies (red)
(open arrowheads, cells exclusively stained with the anti-pSTAT1
antibody; arrowheads: double stained cells; arrows, cells exclusively
stained with cell type specific antibody).

Figure 5 Example of a suppressor of cytokine signalling 3
(SOCS-3) specific western blot in extracts from mucosal biopsies
from normal control colon (N) or inflamed colonic regions from
patients with Crohn’s disease (CD) or ulcerative colitis (UC).

Figure 6 (A) Downregulation of signal transducer and activator of
transcription 1 (STAT1) phosphorylation after therapy with
glucocorticoids. Colonic mucosal STAT1 levels were examined
before and 2–4 weeks after treatment of ulcerative colitis (UC)
patients with systemic glucocorticoids (n=9) was initiated. Results
were obtained by western blot and analysed densitometrically. (B) In
vitro stimulation of isolated peripheral blood monocytes with
interferon γ (IFN 1000 U/ml) and prednisolone (pred 10 µM) for the
indicated times (30 minutes and two hours). pSTAT1 (top panel) was
detected by western blot and total amounts of STAT1 were examined
by reprobing of the same membrane (bottom panel).
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ulcerative colitis and (to a lesser extent) in Crohn’s disease
may reflect an immunoregulatory difference of cytokine
action in vivo. This would indicate that the animal model
derived simplified hypothesis of a TH1 driven response in
Crohn’s disease and a TH2 driven immunity in ulcerative coli-
tis does not reflect human pathophysiology.

Various cytokines can induce activation of STAT1. In
addition to the interferons, these include epidermal growth
factor, platelet derived growth factor, IL-6, or colony stimulat-
ing factor 1.21 43 44 The predominance of STAT1 activation seen
in ulcerative colitis could be consistent with reports that have
suggested that IFN-γ is an important mediator in both human
IBD and in animal models of colitis.5 11 45–47 However, it should
be noted that increased expression of IFN-γ has not been
described consistently in human IBD. Although high levels of
IFN-γ have been reported as a specific characteristic of Crohn’s
disease3 and in pouchitis,15 the IFN-γ gene does not appear to
be a candidate for a primary genetic cause of IBD.48 Therefore,
it is unlikely that differences in the cytokine patterns are the
only explanation for differences in STAT1 activation.

The surprising finding in this study that STAT1 appears to
be mostly activated in ulcerative colitis and to a lesser degree
in Crohn’s disease has led to the question, which molecular
mechanisms are responsible for this phenomenon in addition
to cytokines? Downregulation of STAT activity is not caused
primarily by degradation of signal transducers but is mostly
due to active shutdown mechanisms, such as those mediated
by phosphatases (that is, SHP-1).49 Another recently described
family of cytokine induced inhibitors of the JAK-STAT signal
cascade are the SOCS.26 50 51 Western blot experiments revealed
that SOCS-3 levels appeared to be higher in the majority of
Crohn’s disease and control samples in comparison with the
ulcerative colitis samples (fig 5). However, SOCS-1 and
SOCS-3 were not detectable by immunohistology. This is most
likely due to technical reasons (that is, the monoclonal
antibodies available do not work for this application or the
concentration is below detection levels for this technique).
Therefore, it is unclear whether SOCS-3 expression is
increased in the same cells which show low STAT1 activity.
SOCS-1 does not appear to be upregulated in the intestinal
mucosa of patients with IBD (not shown). This is consistent
with recently published findings from Suzuki et al demonstrat-
ing high expression of SOCS-3 but not SOCS-1 in IBD samples
and also in murine colitis models.52

Increased activation of STAT1 was recently shown to corre-
late with expression of ICAM-1.40 In IBD, upregulated expres-
sion of ICAM-1 among other adhesion molecules is one of the
hallmarks of inflammatory activity.53 Increased expression of
ICAM-1 is a pivotal factor for the homing of large numbers of
activated phagocytes into intestinal lesions. Levels of STAT1
activation paralleled the endoscopic and histological presenta-
tion of inflammatory activity in patients with ulcerative colitis.
Patients in remission showed nuclear levels of STAT1 which
approached normal non-inflamed controls. STAT1 regulated
genes such as major histocompatibility class II, Fcγ receptor,
inducible nitric oxide synthase, or ICAM-1 also correspond in
their expression to the overall inflammatory activity.53–57 Acti-
vation of STAT1 (in addition to the TNF/NFκB system58 59) may
therefore contribute to many of the pathophysiological
features observed in IBD.

This study also showed that glucocorticoids actively inhibit
phosphorylation of STAT1. We found that prednisolone inhib-
ited in vitro phosphorylation of STAT1 in isolated peripheral
monocytes as well as in the THP-1 cell line. In addition,
treatment of IBD patients with systemic glucocorticoids
resulted in a decrease in pSTAT1 levels in the intestinal
mucosa. While these experiments cannot prove a primary role
for STAT1 activation in the inflammatory pathophysiology,
they suggest that inhibition of the STAT system may be an
important part of the anti-inflammatory efficacy of glucocor-
ticoids. Patients with glucocorticoid induced remission had

lower nuclear levels of STAT1 (fig 6A). In addition, the action

of glucocorticoids may explain the discrepancy between

increased levels of STAT1 activation found in IBD in this study

and the work by Suzuki et al who did not report increased

phosphorylation of STAT1 in IBD.52 It should be pointed out

that IBD patients in the study of Suzuki et al were pretreated

with anti-inflammatory drugs and that only small numbers

(two patients with ulcerative colitis, one patient with Crohn’s

disease) were investigated.

Microinvasion of Escherichia coli has been described as an

important event in both IBD60 61 as well as colonic adenocarci-

noma.62 The hypothesis has been raised that bacterial invasion

into the mucosa may be an important early event in the onset of

the inflammatory reaction. The heightened levels of nuclear

accumulation of STAT1, which are seen in infectious colitis and

diverticulitis, could point to a role for intestinal microorganisms

in the mechanism of activation of this transcription factor. The

role of microorganisms in the activation of STAT1 in ulcerative

colitis is therefore under intense investigation. In this regard it

will be important to evaluate genetic susceptibility as a potential

permissive factor.63–65

In summary, we have shown that STAT1 expression and

activation are significantly upregulated in the colonic mucosa

of patients with active ulcerative colitis. Detection of

phosphorylated STAT1 is mostly restricted to neutrophils and

monocytes in the lamina propria and appears to be

downregulated by glucocorticoids. Analysis of the intracellular

signalling responses may reveal important novel aspects in

complex inflammatory diseases such as human IBD. Activa-

tion of STAT1 and (as already demonstrated) other STAT fam-

ily members could contribute to the pathophysiology of the

disease. Further studies will demonstrate whether STATs are

promising target molecules for future therapeutic interven-

tions in colonic inflammation.
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