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Abstract

The genetic basis of inflammatory bowel disease remains to be elucidated completely. Here we
report on a patient with inflammatory bowel disease who has mosaic tetrasomy of the short arm
of chromosome 9, a genomic region that harbours the type | interferon gene cluster. We show that
increased interferon activation is present in peripheral blood and intestinal tissue from this patient,
similar to previous reports of autoinflammatory organ damage driven by interferon activation
in other patients with this chromosomal abnormality. To our knowledge, this is the first case of
tetrasomy 9p-associated interferonopathy driving intestinal inflammation and highlights the role

that type-l interferon pathways can play in the pathogenesis of intestinal inflammation.
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1. Introduction

Tetrasomy 9p [T9p] is a rare aneuploidy that results from a super-
numerary chromosome generated from two copies of the short arm
of chromosome 9. It typically occurs in mosaic form and has variable
phenotypic expression but is frequently associated with intellectual
disability, low-set ears and ophthalmological abnormalities; occa-
sionally, cardiac or genitourinary alterations are also seen.! Rarely,
no obvious phenotype is observed.>* Interestingly, the short arm of
chromosome 9 hosts 17 type I interferon [IFN] genes [type I IFN
gene cluster]. Two reports have linked copy number variations of
this gene cluster with IFN-driven pathology, including systemic lupus
erythematosus [SLE] and inflammatory myositis, suggesting a gene
dosage effect as a pathogenic mechanism driving interferonopathy
and clinical presentation.’¢ However, no association exists between
this karyotypic abnormality and intestinal inflammation.

2. Case report

We report on a previously healthy 12-year-old Caucasian female
with no significant family history [Figure 1A] who presented with
multiple symptoms suggestive of autoinflammation, including in-
flammatory bowel disease [IBD]. She presented at age 8 years with
a 2-week history of persistent fever, diffuse abdominal pain, lower
extremity arthralgias and bilateral lower extremity rash. She had
no dysmorphic features, and normal psychomotor and intellectual
development. Laboratory investigation was remarkable for ele-
vated inflammatory markers (C-reactive protein [CRP] 18.3 mg/
dL, erythrocyte sedimentation rate 67 mm/hr), hypoalbuminaemia
[2.4 g/dL] and leukocytosis [20.2 x 103/mm]. These features trig-
gered an immunological evaluation, which was largely unrevealing
[Supplementary Table 1]. Abdominal computed tomography imaging
revealed thickening of the gastric wall, prompting upper endoscopic
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Figure 1. General clinical characteristics of the patient. [A] Family pedigree.
Proband with mosaic tetrasomy 9p [T9p] is shown [arrowhead]. [B] Abnormal
mosaic female chromosome analysis of peripheral blood with one cell line
containing a pseudo dicentric chromosome 9 [red arrow] in 13 of 20 cells
examined. [C] Buccal swab p16 fluorescence in situ hybridization analysis
showing three loci corresponding to the centromeric region of chromosome
9 [green] and four signals corresponding to its short arm [red] in 50% of cells
examined [n = 167].

evaluation. Findings were significant for thickened gastric folds
and mucosal changes suggestive of gastritis, as well as duodenitis.
Biopsy specimens demonstrated chronic active gastritis with marked
foveolar hyperplasia and significant active duodenal inflammation.
Bone marrow and later peripheral blood karyotype indicated that
the patient has mosaic tetrasomy of the short arm of chromosome 9
[Figure 1B], with generation of a pseudo-dicentric chromosome [mos
47,XX,+psu-idic (9)(q13)/46,XX]. These cytogenetic findings were
confirmed by buccal swab fluorescence iz situ hybridization staining
using a 9p-specific probe [Figure 1C]. The level of mosaicism ranged
from 65-70% in circulating leukocytes and bone marrow cells to
51% in buccal swab.

Although vasculitis was not proven histologically, treatment with
steroids was initiated for presumed atypical Henoch-Schonlein pur-
pura. She was also given proton pump inhibitors. Her symptoms
improved moderately for a brief period but she was readmitted
6 months later for persistent abdominal pain and arthralgias.
Although there were no obvious small bowel changes on magnetic
resonance enterography, endoscopic evaluation revealed acute ileitis
and persistent gastritis. Laboratory testing at the time was consistent
with active intestinal inflammation [stool calprotectin 744 pg/g, CRP
7.12 mg/dL], and her symptoms improved on intravenous steroids.

She was discharged on a tapered oral steroid regimen, but her
symptoms showed steroid dependency and she was then started
on azathioprine [2 mg/kg]. She was readmitted 8 months later for
worsening abdominal pain and significant elevation in inflammatory
markers [CRP 26.2 mg/dL]. Endoscopic evaluation showed per-
sistent diffuse gastric erythema and scattered superficial ulcerations
in the colon and terminal ileum. Histological findings of chronic
active gastritis and foveolar hyperplasia involving the body of the
stomach, active ileitis and colitis with cryptitis and crypt abscesses
[but no architectural distortion] were demonstrated [Figure 2A].
The constellation of symptoms and findings prompted a diagnosis
of early-onset IBD, with features resembling Crohn’s disease [CD].
Adjustment of the azathioprine dose based on therapeutic drug
monitoring eventually resulted in symptom control.

Because the short arm of chromosome 9 harbours the type I IFN
gene cluster, we examined whether the patient had evidence of in-
creased expression of IFN-stimulated genes [ISGs| in peripheral
leukocytes. Expression of six ISGs in circulating leukocytes showed
significant elevations [p < 0.0001] in all transcripts when compared
against those seen in paediatric patients with active IBD receiving
immunosuppressive therapy and comparable to those seen in intes-
tinal inflammation secondary to viral infection — a known inducer
of IFN stimulation [Figure 2B]. This gene signature has been previ-
ously validated as the most sensitive biomarker for type I IFN induc-
tion.”” These results were consistent over time [at 10 and 12 years
of age] and persisted in spite of azathioprine treatment at the later
age tested. This agrees with previously observed cases with T9p and
SLE.*¢ To examine whether the patient’s intestinal inflammation was
associated with increased ISG expression in the affected tissues, we
performed immunofluorescence staining for IFI44, an ISG whose ex-
pression is significantly induced by known triggers of type I IFN.'
Biopsy samples demonstrated IFI44-positive cells throughout the
examined gastrointestinal tract [Figure 2C| and quantification of
the IFI44 signal in our patient was increased compared to a healthy
control without active intestinal inflammation and a patient with
active ileocolonic CD (Figure 2D; statistical significance [p < 0.05]
was achieved after aggregating the data at all three anatomical sites).
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Figure 2. General findings. [A] Endoscopic images and corresponding histology. Stomach [left], ileocecal valve [right]. The gastric biopsy shows severe active
chronic gastritis of the antral mucosa with increased lamina propria chronic inflammation [negative cytomegalovirus immunohistochemistry, not shown]. The
ileal biopsy shows moderate active ileitis, including moderate cryptitis, crypt abscess, mild villous blunting and increased lamina propria chronic inflammation
[histology, 200x magnification]. [B] Interferon stimulated gene expression levels measured by quantitative reverse transcriptase PCR in whole blood-derived
RNA from proband [n = 1] at two time points (10 and 12 years old [yo]), cytomegalovirus [CMV] colitis [n = 1] and inflammatory bowel [IBD] disease controls
(ulcerative colitis [UC] = 6, Crohn’s disease [CD] = 3). All IBD patients had active disease at the time of sample collection. Fold rates of transcript abundance
are displayed compared to the same reference control samples. ****p < 0.0001 [unpaired Student’s t-test, comparisons are Bonferroni corrected]. [C] IFl44
[red] immunofluorescence staining in intestinal sections from tetrasomy 9p [T9p] proband, a healthy control and a patient with active ilieocolonic CD [scale
bar = 100 um]. [D] Aggregate quantification of the IFI44 staining intensity from stomach, terminal ileum and colon shown in C. *p < 0.05 [unpaired Student’s
t-test].
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Thus, gastrointestinal inflammation in this patient was associated
with increased local expression of IFN-responsive genes, suggesting
that type I IFN expression is probably responsible for the enterop-
athy in this case.

3. Discussion

Type I interferonopathies are a group of monogenic disorders that
result in overactivation of type I IFN signalling.!! Inappropriate
activation of this antiviral response results in systemic signs of
autoinflammation and varying degrees of autoimmunity. While there
is ample phenotypic heterogeneity within this group of disorders, all
of them share a hallmark ISG signature,'? as shown also in this case.
The most studied clinical entity in this category, Aicardi-Goutieres
syndrome, is characterized by severe brain inflammation in infancy,
resulting in brain calcifications, serious neurological deficits and
seizures. Serological features that overlap with SLE are well known
in these patients. However, other syndromes in this broad disease
category can include diverse clinical manifestations, including pul-
monary involvement. Enteropathy, including Crohn’s-like jejunal
involvement and protein-losing enteropathy, has been described in
X-linked pigmentary reticulate disorder, an interferonopathy syn-
drome caused by mutations in POLA1.®

The development of an interferonopathy as a result of T9p has
been previously reported,® and the clinical presentation included
myositis and features of SLE. It is thought that this is the result of
a gene dosage effect, whereby the tetrasomy leads to a doubling of
the number of type I IFN genes. The involvement of type I IFN in
the pathogenesis of autoinflammatory manifestations in patients
with T9p raises the possibility that targeted therapy with JAK in-
hibitors, such as tofacitinib, could provide clinical benefit. Indeed,
this agent has already shown effectiveness in other IFN-mediated
diseases, such as rheumatoid arthritis,'> as well as monogenic

interferonopathies.!'*!S

The mechanism by which azathioprine may
be playing a role in controlling this patient’s disease is unclear, but
we speculate that the reported effects of this drug on RAC1 may im-
pair IFN production by natural killer cells,'® as has been suggested
in CD patients,'” and also as seen in individuals with DOCK2 de-
ficiency." Interestingly, while certain interferonopathies have been
associated with gastrointestinal inflammation as mentioned above,
its occurrence in T9p has not previously been reported. While we
speculate that the increased type-I IFN gene dosage that results from
the tetrasomy is responsible for this phenotype, we cannot rule out
that additional genes contained in the tetrasomy region may play a
role in the clinical manifestations observed in this patient. In con-
clusion, this report supports the idea that pathological activation of
the type-I IFN pathway can result in gastrointestinal inflammation
in defined genetic disorders and is in line with the identification in
a genome-wide association study of risk alleles for IBD that map to
this pathway.”
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