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The effects of STAT1 dysfunction on the gut
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ABSTRACT
Introduction: Mutations in the signal transducer and activator of transcription1 (STAT1) have been associated
with a variety of clinical patterns. Interestingly patients with heterozygous mutations in the DNA binding domain
(DBD) of STAT1 suffer acute and chronic colitis.

Methods: To further analyze the role of STAT1 deficiency in intestinal inflammation, we employed protein expres-
sion analysis of total and activated STAT1 in intestinal biopsy samples from 2 patients with heterozygous muta-
tions in the DBD of the STAT1 gene.

Results: Both patients showed clinical and histological features of colitis. Total and activated STAT1 were
decreased in duodenal and colonic enterocytes, and total STAT1 was found to be mislocalized in aggregates sub-
apically. In addition, intestinal biopsy samples showed decreased numbers of lymphocytes. Patient-derived lym-
phoblasts demonstrated lack of viability and high susceptibility for cell death.

Conclusion: STAT1 expression and distribution in the gut of patients with mutations in the DBD are abnormal,
suggesting a primary role of STAT1 dysfunction in enterocytes in addition to the secondary effect of aberrant
inflammation.

Statement of novelty: Colitis associated with STAT1 mutations appears to have unique features distinct from
typical inflammatory bowel disease.

Introduction

The transcription factor Signal Transducer and Acti-
vator of Transcription 1 (STAT1) is playing a key role
in controlling cellular responses to a variety of growth
factors such as IL-2, IL-3, IL-6, IL-9, IL-10, IL-11,
IL-12, IL-15, IFNα, IFNβ, and IFNγ as well as hormones
such as the growth hormone.

Cytoplasmic STAT1 is activated by JAK kinases
through tyrosine phosphorylation after phosphorylated
STAT1 dimers translocate to the nucleus and bind to
cognate target DNA sequences (Najjar and Fagard
2010; O'Shea et al. 2013).

Mutations in the STAT1 gene have been known
for a while to be associated with susceptibility to

aDivision of Gastroenterology, Hepatology, and Nutrition, The Hospital for Sick
Children, Toronto, ON; bProgram in Cell Biology, The Hospital for Sick
Children, Toronto, ON; cProgram in Genetics and Biochemistry, University of
Western Ontario, London, ON; dDivision of Immunology and Allergy, The
Canadian Centre for Primary Immunodeficiency, The Hospital for Sick Children
and The University of Toronto, Toronto, ON; eDivision of Pathology, The
Hospital for Sick Children, Toronto, ON; fPediatrics A, Soroka University
Medical Center and the Faculty of Health Sciences, Ben-Gurion University of
The Negev, Israel

Submitted 22 September 2015
Accepted 14 November 2015
Available online 19 December 2015

‡Corresponding author: Chaim M. Roifman/chaim.roifman@sickkids.ca
LymphoSign Journal 3:19–33 (2016)
dx.doi.org/10.14785/lpsn-2015-0012

†Contributed equally.
*Participant in the International Early Onset Pediatric IBD Cohort Study (www.
NEOPICS.org).

LymphoSign Journal · Vol. 3, 2016. 19

L
ym

ph
oS

ig
n 

Jo
ur

na
l D

ow
nl

oa
de

d 
fr

om
 ly

m
ph

os
ig

n.
co

m
 b

y 
18

.2
22

.1
64

.2
46

 o
n 

05
/2

0/
24

http://www.NEOPICS.org
http://www.NEOPICS.org


mycobacterial and fungal infections. Several distinct
groups have been identified so far. A fatal form of
complete deficiency of STAT1 expression (Dupuis
et al. 2001, 2003) renders patients susceptible to over-
whelming viral or mycobacterial infections. Some het-
erozygous mutations predispose to weakly pathogenic
mycobacteria (Chapgier et al. 2006, 2009). More
recently, heterozygous mutations predominantly in
the coiled-coil domain were found in cases with autoso-
mal dominant chronic mucocutaneous candidiasis (Liu

et al. 2011; van de Veerdonk et al. 2011; Maródi
et al. 2012).

Increased STAT1 tyrosine phosphorylation and DNA
binding, identified predominantly in EBV transformed
lyphoblastic cell lines, derived from these patients led
to their designation as gain-of-function mutations.
Whether this increased phosphorylation truly leads
to gain of function or dysfunction remains to be deter-
mined, especially in primary cells.

}

Figure 1: Hematoxilin and eosin staining of biopsy samples from both patients. Patient
1 shows moderate duodenitis with increased inflammatory cell infiltrates throughout
the intestinal mucosa as well as architectutal changes by villous atrophy and bifurcation
of crypts. Patient 2 shows no pathology of the duodenum. Both patients demonstrate
focal colitis with focally increased inflammatory cell infiltrates throughout the intestinal
mucosa.
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In contrast to this phenotypic group, heterozygous
mutations predominantly in the DNA binding domain
(DBD) appear to lead to a different and more severe
phenotype at an earlier age. These mutations in patients
develop over time, usually within the first decade of life;
patients present with a combined immunodeficiency,
they suffer multiple autoimmune manifestations, and
they die young of viral infections or HLH (Takezaki

et al. 2012; Sharfe et al. 2014; Faitelson et al. 2014;
Roifman 2014).

Interestingly, these patients suffer acute and chronic
colitis that may begin in infancy (Uzel et al. 2013; Sharfe
et al. 2014). A detailed pathological and immunohisto-
logical assessment of the gut in these patients was
first documented by Sharfe et al. (2014). However, it

}

Figure 2: Immunohistochemistry stainings for T-lymphocyte markers (A, CD3; B, CD4; and C,
CD8) of colonic biopsy samples from both patients. Patient 1 shows decreased numbers of
all T-lymphocyte populations. Patient 2 shows decreased numbers of CD8 positive cells, but
CD3 positive cells, were comparable to controls.
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remained unclear whether this manifestation is caused
by infection, autoimmunity, a primary gut epithelium
defect, or a combination of these factors. Here we
attempted to study primary changes in gut enterocytes
as well as to assess gut inflammation.

Methods

Patient enrollment

Studies on the tissue material of patient 2 and the con-
trol samples were carried out with the approval
of the Research Ethics Board at the Hospital for Sick
Children, Toronto, Ontario. Therefore, an extensive
and comprehensive consent process was used for both
the patients and the control individuals. Informed
consent to participate in the research including genetic

analysis was obtained through the Canadian Center
for Primary Immunodeficiency Registry and Tissue
Bank (Protocol No. 1000005598). Consent for gut samples
was obtained by the Pediatric IBD cohort study (NEO-
PICS), available on their website at http://www.neopics.
org/NEOPICS Documents.html. Controls included
(i) patients that had undergone duodenal and colonic biop-
sies for evaluation of gastrointestinal symptoms but
whose endoscopy and biopsy reports appeared normal
and (ii) patients with active Crohn’s Diesease and
intestinal inflammation, but with a normal STAT1
gene.

Clinical features of patients

Patient 1 was previously described by Sharfe et al.
(2014). Patient 2 was a 13-year-old female who was

}

Figure 3: (A) Immunofluorescence stainings of villous enterocytes for total STAT1 in
duodenal biopsies of controls and both patients. Total STAT1 is marked in red (ALEXA
568), beta catenin in green (ALEXA 488), and nuclei in blue (Hoechst). Total STAT1 is
diffusely distributed throughout the cytoplasm of villous duodenal enterocytes in controls
and disease controls, whereas in both patients, subapical cytoplasmic aggreagtes
positive for STAT1 are present. Inflammatory cells within the mucosa expressed STAT1
in inflamed controls as well as in both patients. Beta catenin is localized in all 4 samples
at the basolateral membrane. Scale bar = 10 µm.
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born prematurely at 34 weeks gestation and was treated
for breathing difficulties at birth. Parents were unrelated
and reported no history of immunodeficiency, autoim-
munity, or cancer in their families. The patient suffered
repeated episodes of bacterial pneumonias from the age
of 12 months. After the use of nebulized steroids or
antibiotics, she occasionally developed oral thrush and
a perianal candida infection.

At 7 years of age she began complaining of intermit-
tent abdominal pain and nausea. These episodes of
pain were frequently associated with loose stools.
Subsequently she gradually lost weight and reported
chronic fatigue. Although her height continued to fol-
low the 75th percentile, her weight declined to 25th
percentile.

Lower gastointestinal endoscopy performed at 8 years
of age showed multiple aphthous ulcers through the rec-
tum, sigmoid, and ascending and transverse colon. Lym-
phoid hyperplasia was detected in the terminal ileum.

At the age of 13 years she continued to have acute
exacerbations of chronic lung disease as well as chronic
diarrhea and abdominal pain. An endoscopic examina-
tion revealed chronic active colitis with focal areas
of acute cyrptitis and pericryptic and occasional crypt
abscesses.

Immune evaluation showed normal lymphocyte counts
with normal distribution of T-cell subpopulations.
Immunoglobulin levels as well as specific antibodies
remained mostly protective.

}

Figure 3: (B) Immunofluorescence stainings of crypt enterocytes for total STAT1 in
duodenal biopsies of controls and both patients. Total STAT1 is marked in red (ALEXA
568), beta catenin in green (ALEXA 488), and nuclei in blue (Hoechst). Total STAT1 is
diffusely distributed throughout the cytoplasm of crypt duodenal enterocytes in controls
and in IBD controls, whereas in both patients reduced stainings of total STAT1 was
detected. In the IBD control, as well as patient 1,an increased number of inflammatory
cells around the crypts are present expressing STAT1. Beta catenin is localized in all 4
samples at the basolateral membrane. Scale bar = 10 µm.
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Genetic analysis

Genetic analysis of the patients, as well as the muta-
tion of patient 1, was reported previously (Sharfe
et al. 2014).

Patient 2 had a heterozygous +/V389A, c.1166C>T
De novo mutation in the DBD of the STAT1 gene.

Histology analysis

Paraffin-embedded tissue sections were deparaffi-
nized using Xylene, and they were then dehydrated
with different percentages of ethanol. Slides were then
stained for 5 min with hematoxylin and 5 min with
eosin (Thermo Scientific). Next the stained tissue sec-
tions were mounted with Entellan mounting medium
(EMD-Millipore). For periodic acid-Schiff cyto-chemistry,

sections were incubated in 0.5% periodic acid solution
(Sigma Aldrich) for 15 min at room temperature.
Afterwards, the tissue was washed twice for 2 min with
deionized water and incubated for 5 min in Schiff's
reagent solution (Sigma Aldrich) in darkness. Tissue
sections were then washed for 5 min at room tempera-
ture and counterstained with hematoxylin solution
(Thermo Scientific). Finally, slides were mounted with
Entellan. Photomicrographs were taken using a Leica
Inverted Light Microscope and adapted for brightness,
contrast, and pixel size using Adobe Photoshop CS5
Version 12.0.

Immunohistochemistry for T-lymphocyte
markers CD3, CD4, and CD8

Immunohistochemistry stainings for CD3, CD4, and
CD8 were performed with an automated immonostainer

}

Figure 4: (A) Immunofluorescence stainings of villous enterocytes for total STAT1 in
colonic biopsies of controls and both patients. Total STAT1 is marked in red (ALEXA
568), beta catenin in green (ALEXA 488), and nuclei in blue (Hoechst). Total STAT1 is
diffusely distributed throughout the cytoplasm of villous duodenal enterocytes in controls
and IBD controls, whereas in both patients subapical cytoplasmic aggreagtes positive
for STAT1 are present. In the IBD control, an increased number of inflammatory cells
within the mucosa are present expressing total STAT1. Beta catenin is localized in all 4
samples at the basolateral membrane. Scale bar = 10 µm.
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from Ventana (BenchMark XT), and they were
previously described in detail by Ngan et al. (2014).

Multilabel immunofluorescence and
confocal microscopy

Duodenal and colonic biopsies from controls and
patients were fixed with 10% formaldehyde without
methanol and embedded in paraffin. Paraffin from the
embedded tissue sections was removed using Xylene,
and then it was rehydrated with different percentages
of ethanol. An antigen retrieval step was performed
with high-pressure cooking with 1 mM EDTA at a pH
of 9 with 0.05% Tween 20. Slides were then blocked for
1h at room temperature with 5% BSA in 1× phosphate-
buffered saline (PBS, MultiCell) without Ca and Mg
containing 15% goat serum. Primary antibody incu‐

bation was performed overnight at 4°C. On the
following day, stained slides were washed 3 times for
10 min with 1× PBS without Ca and Mg. Secondary
antibody incubation was performed at room tempera-
ture and darkness for 1 hr, and slides were then
washed 3 times for 10 min in darkness. Next, nuclear
counterstaining with Hoechst 33342 Fluorescence Stain
(Thermo Scientific) was performed at a dilution of
1:15 000. Finally, sections were mounted overnight with
Vectorshield fluorescence mounting medium (Vec-
tor Labs).

Rabbit-monoclonal STAT1 (Cell Signalling), rabbit-
monoclonal phospho-STAT1 (Y701, Cell Signalling),
and mouse-monoclonal antibeta catenin (BD Transduc-
tion Laboratories) were used as primary antibodies in
a dilution of 1:100. ALEXA 568 goat antirabbit (Life

}

Figure 4: (B) Immunofluorescence stainings of crypt enterocytes for total STAT1 in
colonic biopsies of controls and both patients. Total STAT1 is marked in red (ALEXA 568),
beta catenin in green (ALEXA 488), and nuclei in blue (Hoechst). Total STAT1 is diffusely
distributed throughout the cytoplasm of villous duodenal enterocytes in controls and IBD
controls, whereas in both patients, total STAT1 in crypt enteroyctes appeared to be
decreased in expression. In the IBD control, an increased number of inflammatory cells
within the mucosa are present expressing total STAT1, which is also seen in patient 2.
Beta catenin is localized in all 4 samples at the basolateral membrane. Scale bar = 10 µm.
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Technologies) and ALEXA 488 goat-antimouse (Life
Technologies) served as secondary antibodies in a dilu-
tion of 1:500. Photomicrographs of immunostained
sections were taken with an Olympus IX81 inverted
fluorescence microscope equipped with a Hamamatsu
C9100-13 back-thinned EM-CCD camera and Yoko-
gawa CSU X1 spinning disk confocal scan head. Images
were adjusted for contrast and brightness using the
Volocity 6.1.1 version software (Perkin Elmer).

Lymphoblast culture, cell growth, and
viability analysis

EBV transformed lymphoblasts from both patients
and controls were and cultured in RPMI containing
10% fetal bovine serum (Gibco) and 1% Pen/Strep
(Gibco). To assess cell growth and viability, lympho-
blasts were seeded in a total number of 200 000 cells
per each sample. Cells were analyzed for number and

viability on day 2, day 4, and day 6. Cell counting
and viability assessment were performed with the
Countess™ Automated Cell Counter (Invitrogen). Cell
growth and viability was measured in duplicates of 2
independent experiments. Statistical significance was
calculated using the unpaired student t test. The final
p value was p ≤ 0.05, meaning all values under or equal
to 0.05 were assumed as being statistically significant.

Protein expression analysis

For protein expression analysis of total and activated
STAT1, cells were harvested and lysed in lysate buffer
(50 mM Tris HCl, 200 mM NaCl, 50 mM NaF, 1 mM
EDTA, 20 mM beta-Glycerophosphat, and 1% Triton
X-100), and then they were loaded on a gradient SDS
page gel (4%–20%, Biorad). Rabbit-monoclonal STAT1
(Cell Signalling), rabbit-monoclonal phospho-STAT1
(Y701, Cell Signalling), mouse-monoclonal alpha Tubu-
lin (Sigma Aldrich), and mouse-monoclonal GAPDH

}

Figure 5: (A) Immunofluorescence stainings of villous enterocytes for activated STAT1
(phospho-STAT1 Y701) in duodenal biopsies of controls and both patients. Phospho-
STAT1 is marked in red (ALEXA 568), beta catenin in green (ALEXA 488), and nuclei in
blue (Hoechst). Almost every nuclei of villous enteroyctes in IBD controls are positive for
phospho-STAT1, whereas patient number 1 just shows a few enterocytes with positive
phospho-STAT1 staining in the nucleus. Patient 2 and controls were negative for nuclear
phospho-STAT1 staining. Beta catenin is localized in all 4 samples at the basolateral
membrane. Scale bar = 10 µm.
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(Thermo Scientific) served as first antibodies in a dilu-
tion of 1:1000. Secondary HRP-conjugated antirabbit
and antimouse antibodies (Sigma Aldrich) were used
at a dilution of 1:2000 for antimouse and 1:5000 for
antirabbit antibodies.

Results

Histopathology analysis of patients with
mutations in STAT1

Both patients presented with chronic intestinal symp-
toms requiring upper and lower endoscopy and biopsy.
Hematoxylin and eosin staining of the patients’ biopsy
samples demonstrated features consistent with intestine
inflammation (Figure 1). Patient 1 showed duodenal
villous atrophy and villous blunting as well as increased
infiltration of interstitial inflammatory cells, consistent
with acute duodenitis (Figure 1). Colonic biopsy sam-
ples of patient 1 showed focal colitis with areas of
increased interstitial inflammatory cells (Figure 1).

Similarly, patient 2 showed focal inflammation within
the colon (Figure 1).

Lymphocyte populations in patients’
intestinal biopsies

In patients with mutations in the DBD of STAT1, a
progressive decrease in T-lymphocyte numbers has
been demonstrated (Sharfe et al. 2014). We studied T-cell
distribution in the gut mucosa of 2 of these patients.
Colonic biopsy samples were stained for T-lymphocyte
markers including CD3, CD4, and CD8. CD3 + T cells
expressed in patient 2 were comparable with controls,
whereas in patient 1 a marked decrease was detected
within the intestinal mucosa, indicating that the under-
lying STAT1 mutation in patient 1 also affected gut T
cells (Figure 2). Examining CD4 as well as CD8 showed
diminished staining with a more prominent decrease in
CD8 positive lymphocytes in patient 2 (Figure 2).

}

Figure 5: (B) Immunofluorescence stainings of crypt enterocytes for activated STAT1
(phospho-STAT1 Y701) in duodenal biopsies of controls and both patients. Phospho-
STAT1 is marked in red (ALEXA 568), beta catenin in green (ALEXA 488), and nuclei in
blue (Hoechst). Almost every nuclei of crypt enteroyctes in IBD controls are positive for
phospho-STAT1, whereas controls as well as both patients were negative for nuclear
phospho-STAT1 staining. Beta catenin is localized in all 4 samples at the basolateral
membrane. Scale bar = 10 µm.
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Expression of total and activated STAT1 in
enterocytes

We next examined duodenal and colonic biopsy
samples from the healthy controls, IBD controls, and
both of the patients by labelling for total and activated
STAT1. Additionally, cell–cell adhesion was analyzed
using beta catenin staining. In the control samples, total
STAT1 staining showed diffuse distribution throughout
the cytoplasm of duodenal and colonic enterocytes
(Figures 3 and 4). IBD controls demonstrated similar
localization of STAT1, but the increased numbers of
nonepithelial cells within the mucosa were predicted
to be immune cells and activated by inflammatory
responses as typically observed in inflammatory bowel
disease (Figures 3 and 4). Analyses of STAT1 expression
in duodenal and colonic enterocytes of both STAT1
deficiency patients showed that cytoplasmic STAT1
aggregates subapically; this was more predominantly
observed in colonic biopsies from patient 2 (Figures 3
and 4). Those STAT1 aggregates were only observed

in mature villous enterocytes, but not in immature crypt
enterocytes (Figures 3 and 4). In duodenal and colonic
crypt enterocytes of the STAT1 mutated patients, total
STAT1 appeared to be reduced when compared with
normal and IBD controls (Figures 3 and 4). Both STAT1
deficiency patients, as well as the IBD control, showed
STAT1-positive cells staining within the mucosa of
villous and crypts, they were predicted to be immune
cells (Figures 3 and 4).

We next determined if STAT1 activation by phos-
phorylation was affected in patient enterocytes by exam-
ining localization of phosphorylated STAT1 in both
duodenal and colonic biopsy samples. Intriguingly,
in IBD controls of duodenal and colonic biopsies,
phospho-STAT1 was located in every enterocyte mostly
within the nucleus suggesting that inflammatory
responses activate STAT1-dependent pathways (Figures
5 and 6). In both patients, villous and crypts showed
decreased numbers of enterocytes expressing phospho-
STAT1 within the nucleus, indicating that the response

}

Figure 6: (A) Immunofluorescence stainings of villous enterocytes for activated STAT1
(phospho-STAT1 Y701) in colonic biopsies of controls and both patients. Phospho-
STAT1 is marked in red (ALEXA 568), beta catenin in green (ALEXA 488), and nuclei in
blue (Hoechst). Almost all nuclei of villous enteroyctes in IBD controls are positive for
phospho-STAT1, whereas patient 1 and 2 just show a few enterocytes with positive
phospho-STAT1 staining in the nucleus. Beta catenin is localized in all 4 samples at the
basolateral membrane. Scale bar = 10 µm.
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to inflammation might be impaired due to the underly-
ing STAT1 mutations (Figures 5 and 6). Consistently,
both patients demonstrated changes in total and activated
STAT1 expression within their intestinal epithelium.

Analysis of patient lymphoblasts

To further assess if STAT1 expression and activation
is altered in patients, protein expression analysis was
performed on patient-derived EBV-transformed lym-
phoblasts. As lymphoblasts of patient 1 were previously
characterized (Sharfe et al. 2014), only data on lympho-
blasts from patient 2 are presented here.

First we confirmed decreased total and activated
STAT1 in patient 2, as observed in immunostainings
of intestinal biopsies. Lymphoblasts of patient 2
showed decreased phospho-STAT1 expression when
compared with controls, indicating impaired activation

of STAT1 signalling (Figure 7). Next, differences in lym-
phoblast cell growth and morphology were detected
when compared with controls. Cell viability was
assessed after 2, 4, and 6 days from the initial cell seed-
ing. On day 2 almost 40%, on day 4 it was 60%, and on
day 6 virtually 100% of the lymphoblasts of patient
2 were dead indicating that the underlying STAT1
mutation drives lymphoblast apoptosis (Figure 7).
Analysis of lymphoblast cell morphology with light
microscopy showed that the cells of patient 2 had
features of cell death when compared with controls.
The control lymphoblasts showed clusters of bright,
round cells, whereas in patient 2 the clusters consisted
mostly of brownish cell debris, indicating that those
lymphoblasts are undergoing apoptosis (Figure 7).
To further confirm light microscopy features of cell
death, the total and cleaved Poly (ADP-ribose)-
Polymerase 1 (PARP1) expression levels were deter-
mined in lymphoblasts of patient 2 by immunoblot
analysis. PARP1 is a nuclear DNA repair enzyme,

}

Figure 6: (B) Immunofluorescence stainings of crypt enterocytes for activated STAT1
(phospho-STAT1 Y701) in colonic biopsies of controls and both patients. Phospho-
STAT1 is marked in red (ALEXA 568), beta catenin in green (ALEXA 488), and nuclei in
blue (Hoechst). Almost all nuclei of crypt enteroyctes in IBD controls are positive for
phospho-STAT1, whereas controls as well as both patients were negative for nuclear
phospho-STAT1 staining. Beta catenin is localized in all 4 samples at the basolateral
membrane. Scale bar = 10 µm.
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activated by detection of single-strand DNA breaks in
response to environmental stress and involved in apop-
tosis induction by serving as a target of many intra-cel-
lular executer (ICE) caspases (Godon et al. 2008).
Thereby, comparing PARP1 protein expression in the
lymphoblasts of the controls with patient 2, demon-
strated significantly increased expression of total
PARP1, as well as the presence of cleaved PARP1,
indicating that those lymphoblasts are undergoing
programmed cell death (Figure 7). In summary, lym-
phoblasts of both patients with STAT1 dysfunction
showed less viability and increased susceptibility to cell
death.

Discussion

Here we described 2 patients with mutations in the
DBD of STAT1 presenting with recurrent bacterial
and fungal infections as well as chronic diarrhea due

to intestinal inflammation during infancy. It remains
unclear why patients with heterozygous mutations in
STAT1 develop severe colitis. It has been previously
reported that increased activation of the STAT1 signal-
ling pathway might play a role in the pathogenesis
of inflammatory bowel disease (IBD), specifically in
ulcerative colitis and chronic colonic inflammation
(Podolsky et al. 1991; Schreiber et al. 2002). It has
been proposed that the mucosal immune system, which
normally acts in harmony to maintain a delicate balance
between pro- and antiinflammatory cytokines, is
disturbed in IBD (Podolsky et al. 1991; Wyatt et al.
1993; Schreiber et al. 2002). Indeed, predominance of
pro-inflammatory cytokines has been observed in this
condition. In addition, activated STAT1 signalling
has been characterized in detail in ulcerative colitis
(UC) (Schreiber et al. 2002). Further, altered activation
of STAT1 in UC has been described as a consequence
of lower levels of SOCs proteins, inhibitors of the
JAK–STAT signalling cascade (Schreiber et al. 2002).

}

Figure 7: Functional analysis of lymphoblasts from controls and Patient 2. (A) Western blot analysis of
total STAT1, activated STAT1, and the apoptotic marker PARP1. Lymphoblasts of Patient 2 show a
marked decrease of activated STAT1 (phospho-STAT1 Y701) as well as increased expression of PARP1
and cleaved PARP1 when compared with controls. Tubulin and GAPDH served as loading controls. (B)
Viability assay. Patient 2 show less viability when compared with controls measuring after seeding of
equal cell numbers. (C) Light microscopy analysis. Control lymphoblasts show clusters consisting of
bright rounded cells, whereas lymphoblasts from Patient 2 show clusters with cell debris (brownish cells).
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Moreover, glucocorticoid treatment in those patients
improved outcome and intestinal symptoms by altering
STAT1 phosphorylation of immune cells in the intest-
inal mucosa via activation of SOCs proteins (Schreiber
et al. 2002). In full agreement with these experiments,
colitis in mouse models demonstrated similar patterns
of increased activation in the STAT1 signalling by
increased translocation of the phosphorylated STAT1
complex into the nucleus and increased activation
of pro-inflammatory signalling pathways (Wu et al.
2012). Intriguingly, the 2 patients presented here had
mutations in the DBD of the STAT1 gene, predicting
impaired nuclear transcription of STAT1-related genes
(Sharfe et al. 2014). It is not clear whether mechanisms
underlying colitis in these patients are identical to
IBD. Actually, both patients showed distinct features
dissimilar to IBD. Histological changes of inflammation
with increased mucosal infiltrates and architectural
alterations within the villous and crypt epithelium
were observed. Total STAT1 expression in enterocytes,
STAT1 aggregated subapically in the cytoplasm of
mature duodenal, and colonic villous enterocytes were
markedly decreased in expression and activation in
comparison with IBD. Further, phosphorylated STAT1,
although present in the nucleus of colonic enterocytes of
patients, was less prominent when compared with
IBD control. Similarly EBV-transformed lymphoblasts
derived from patients showed decreased levels as well
as reduced phosphorylation of STAT1.

Other mechanisms may contribute to the develop-
ment of colitis in these patients. Both patients showed
decreased numbers of T lymphocytes within the
intestinal mucosa. It has been previously shown that
intestinal intraepithelial lymphocyte–enterocyte cross-
talk was important to the production of antimicrobial
proteins such as defensin, lysozyme, and angiogenin 4
by Paneth cells resulting in increased activity against
grampositive and negative bacteria, protozoa, as well as
fungi. This process prevents pathogen invasion within
the intestinal mucosa and inflammation (Walker et al.
2013). Failure of this barrier contributes to development
of colitis in IBD. The colitis in our patients could there-
fore be explained at least in part by dysregulation of gut
immune cells. However, the striking unique pathological
pattern in enterocytes (distinct from IBD), suggests
that reduced STAT1 levels in these cells may lead to
this phenotype as an independent factor. Indeed, pri-
mary changes in blood vessels, especially in the brain
of patients with mutations in STAT1 have also been
described (Grouhi et al. 1998; Nahum and Dalal 2014;
Roifman 2014). Therefore, colitis in patients with

heterozygous STAT1 mutation might be caused by a
combination of decreased host defense and impaired
STAT1 activation in gut enterocytes.

In conclusion, we reported here 2 patients carrying
heterozygous STAT1 mutations who had features of
chronic colitis. We found that the number of lympho-
cytes within the intestinal mucosa was decreased and
uniquely STAT1 expression and activation in intestinal
epithelial cells was altered. Both abnormalities may
combine to determine host defense and lead to the
inflammatory processes within the intestinal mucosa.
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