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Abstract

Very early onset inflammatory bowel disease (VEO-IBD) represents a diagnostic and treatment
challenge. Here we present a case of VEO-IBD secondary to a mutation in B/RC4 gene, which
encodes X-linked inhibitor of apoptosis protein (XIAP), in a 17 month-old male with severe
failure to thrive, intractable diarrhea and hepatosplenomegaly. Endoscopy and histology identified
only mild duodenitis and ileitis, but severe pancolitis with crypt abscesses and epithelium
apoptosis. Minimal improvement in symptoms was achieved with total parenteral nutrition (TPN),
intravenous (1V) corticosteroids and tacrolimus, whereas induction and maintenance therapy with
adalimumab led to complete remission. After 6 months, the patient developed hemophagocytic
lymphohistiocytosis (HLH) and eventually died due to multi-system organ failure. A review of the
literature revealed that some patients with VEO-IBD secondary to XIAP deficiency develop
symptoms that are refractory to medical and surgical management, while initial reports suggest
that allogeneic hematopoietic stem cell transplantation (HSCT), with reduced intensity
conditioning, can successfully induce long lasting remission and may even be curative. We
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propose that in patients with XIAP deficiency a constellation of symptoms including colitis at an
early age, severe failure to thrive and splenomegaly/hepatosplenomegaly can identify a subgroup
of patients at high-risk of experiencing medically-refractory IBD phenotype and increased
mortality. Hematopoietic stem cell transplant should be considered early in these high-risk
patients, as it may resolve both their intestinal inflammation and a risk of developing life
threatening HLH.

Introduction:

Inflammatory bowel disease (IBD) has a bimodal age of distribution and about one quarter
of all IBD cases present during childhood. In pediatric patients, location of intestinal
involvement, disease severity and response to therapy have age-dependent characteristics. In
fact, age of symptom onset has been proposed as a predictor of higher likelihood of an
underlying monogenic etiology (1). Based on the discovery of unique disease phenotypes in
patients presenting younger than 17 years of age, the Montreal classification defined
pediatric-onset IBD as a distinct disease group (2). As dynamic features of pediatric disease
phenotype differ in early childhood, even as compared to the adolescents, Pediatric Paris
modification further subdivided pediatric-onset IBD into two age groups, one between 10
and 17 years of age and an early onset pediatric IBD group presenting before 10 years of age
(3). Subsequently, further sub-classification of early onset pediatric IBD into very early
onset (younger than 6 years), infantile (younger than 2 years), and neonatal IBD (first 28
days of age) subtypes has been proposed (1). Moreover, while very early onset IBD (VEO-
IBD) currently represents a small fraction of patients with IBD, it is the fastest growing
population of IBD patients (4).

VEO-IBD is often characterized by the presence of pancolitis, positive family history and
can be associated with medically and surgically refractory disease course and increased
mortality. This may be, in part, accounted by increased prevalence of monogenic causes of
the disease, often manifesting as a primary immune deficiency. Indeed, genetic defects
resulting in dysfunction in epithelial barrier, phagocytic defects, hyperinflammatory
disorders, B and T cell defects, and immune dysregulation, including IL10 signaling defects
can result in very-early onset IBD (1, 5, 6). However, about 15 percent of all pediatric IBD
cases are diagnosed during very early onset period (7) and only a small fraction of these
patients have an identified monogenic cause. Defects in more than 50 genes have been
reported to result in a monogenic form of VEO-IBD (8-10). This complexity coupled with
limited availability of genome wide testing and limitations in the technology to identify all
disease causing variants can lead to a delay in initiation of genetic-etiology specific
treatments and may contribute to increased morbidity and mortality in this patient
population.

Mutations in B/IRC4, the gene that encodes X-lined inhibitor of apoptosis (XIAP) protein,
were first reported in 2006 to be associated with immune deficiency (11), and the first case
of VEO-IBD secondary to a defect in this protein was reported in 2011 (12). The link
between XIAP and IBD has been further strengthened by a study showing that, among 96
male patients with pediatric onset Crohn’s disease, 4 were found to have a deficiency in
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XIAP (13). While deficiency in XIAP protein can cause a severe form of VEO-1BD, only
17% of the patients with XIAP deficiency develop IBD-like symptoms (14). Due to variable
disease penetrance in patients with XIAP deficiency, some present with severe, treatment-
refractory intestinal inflammation early in childhood, while others present in mid-adulthood,
with only mild intestinal symptoms. Currently, correlation between specific gene mutations
and disease severity has not been recognized (19) and there are no clinical indicators to
predict which patients will develop severe IBD manifestations. Furthermore, there are no
standard treatment recommendations for aggressive IBD phenotype associated with this
genetic mutation, even though HSCT is becoming more accepted therapy.

Here we present a male patient with VEO-IBD secondary to XIAP deficiency, who
developed a severe form of VEO-IBD and died 21 months after presentation. Our review of
the literature identified very early onset of colitis, severe failure to thrive and splenomegaly
as poor prognostic indicators. In this specific subgroup of patients with XIAP deficiency,
HSCT should be considered early in a disease course in order to prevent mortality and
improve disease specific morbidity.

Case Presentation

A 17-month old male presented to our emergency department in 2012, with severe watery,
but non-bloody diarrhea, profound failure to thrive (weight: 3.9kg, z-score —10.9; length:
58.0cm, z-score —8.6), and hepatosplenomegaly. He was a full-term infant, with birth weight
of 2.9 kg and signs of non-immune hydrops. Diarrhea commenced at 3 months of age and
was treated with trials of different formulas. By 6 months of age, he was noted to have
hepatosplenomegaly and was briefly admitted for treatment of anemia and
thrombocytopenia, requiring multiple transfusions. At 10 months, he started losing weight
and was admitted several times for failure to thrive, dehydration, anemia, and
thrombocytopenia. The patient did not have perianal fistulas/abscesses, skin infections,
arthritis or fevers.

On presentation to our hospital, lab results revealed anemia and thrombocytopenia, normal
liver enzymes, but low albumin and total protein. Serum inflammatory markers were
elevated (Suppl. Table 1). An extensive work up revealed no infectious or metabolic
etiologies. Stool studies documented elevated lactoferrin, with no evidence of carbohydrate,
fat or protein malabsorption (Suppl. Table 2). Immunoglobulin levels were normal, with
absence of known disease specific auto-antibodies (Suppl. Table 3). Endoscopy identified
mild duodenitis, ileitis and severe pancolitis with crypt abscesses and epithelium apoptosis
(Figures 1A, 1B). Treatment with total parenteral nutrition (TPN) and 1V steroids was
initiated, and a trial of tacrolimus was also begun, but the patient continued to have severely
active disease.

Further work-up including liver biopsy showed T cell infiltration, occasional non-
necrotizing granulomas and marked portal fibrosis (Figure 1B). Cellular inclusion bodies
were found on bone marrow aspirate without hemophagocytosis, excluding hemophagocytic
lymphohistiocytosis (HLH) (Figure 1B). Immunological workup revealed extremely low B
and NK cell levels, with normal immunoglobulin levels and protective antibody titers
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(Figure 1C and Suppl. Table 4). T cell profiling was notable for an elevated percentage of
memory and exhausted effector T cells and a paucity of naive T cells. Regulatory T cells
quantification and dihydrorhodamine assays were normal. Pro-inflammatory cytokines TNF-
a, IL-6 and IL-8 were increased (Suppl. Table 4).

In agreement with serum inflammatory profile, chronic liver inflammation was characterized
by predominance of CD3 positive cells, including CD4 and CD8 positive T-lymphocytes,
whereas CD20 positive B-lymphocytes were remarkably absent (Suppl. Fig. 1A). Similarly,
there was a marked absence of CD20 positive B-lymphocytes on intestinal biopsy despite
presence of high numbers of CD3 positive inflammatory cells, including CD4 and CD8
positive T-lymphocytes (Suppl. Fig. 1B).

Three months of treatment with systemic corticosteroids and TPN failed to produce clinical
improvement or evidence of intestinal mucosal healing on repeat endoscopy (Figure 1A).
Due to elevation of serum TNF-a, adalimumab was chosen to address the ongoing IBD-like
intestinal inflammation. Dramatic improvement was observed within 7 days of treatment,
with decreased stool frequency from 10-15 to 3-5 times per day and the patient was able to
tolerate full enteral nutrition within two weeks (Figure 1D).

Targeted polymerase chain reaction (PCR)-based sequence analysis of B/RC4 gene
identified a frameshift mutation (p.951_961 del 11, W317fs*318) leading to premature
termination in the BIR3 domain. The patient was therefore diagnosed with X-linked
lymphoproliferative disorder type 2 (XLP2). Stem cell transplant was discussed and a plan
made to send HLA typing and for the patient to return to Boston in 3 months for transplant
planning. In spite of significant weight gain at 22 months of age, the patient’s weight was
still only 7.38kg (z-score of —5.04). The patient was discharged home and returned to Puerto
Rico on every two week adalimumab therapy, with instructions to return for HSCT.

Three months post-discharge, the patient was admitted to a hospital in Puerto Rico with
severe diarrhea, pneumonia, and respiratory distress secondary to respiratory syncytial virus
infection. Due to several out-of-state healthcare issues and the family’s work-related
difficulties the patient was not able to return to our hospital soon after symptom flared up.
Seven months after initial discharge, the patient was transferred to Boston Children’s
Hospital with acute respiratory failure, cavitary lung lesions, gross hematuria, hemoccult
positive diarrhea, increased abdominal girth and elevated liver enzymes. A repeat evaluation
for HLH was performed due to its association with XLP2 and the patient’s critical illness.
He met clinical HLH diagnostic criteria based on genetically proven XLP2 (BIRC4
mutation) and by the following: hepatosplenomegaly, cytopenia, elevated ferritin, high
triglycerides and evidence of hemophagocytosis on bone marrow biopsy.

HLH therapy was initiated with etoposide and dexamethasone. In spite of continued
respiratory failure requiring tracheostomy placement and ventilatory dependence, the patient
responded well to HLH therapy and underwent unrelated, allogenic, hematopoietic stem cell
transplant (HSCT) following reduced intensity conditioning with alemtuzumab, fludarabine
and melphalan. Engraftment was achieved 23 days post-transplant. Respiratory failure
required ongoing ICU treatment on high-frequency ventilator support, total parenteral
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nutrition with trophic enteral feeds, as well as broad spectrum antibiotic/antifungal coverage.
The patient eventually died from multi-organ failure at 38 months of age.

Literature review

Along with our patient, we have identified 5 additional case reports in the literature of XIAP
deficiency presenting with VEO-IBD. In all of these patients, symptoms developed during
very early onset period, most patients had severe failure to thrive and evidence of
splenomegaly (Table 1). Medically-refractory IBD was the presenting phenotype in all of the
patients, as evidenced by a steroid-refractory course and minimal, time-limited, or no
symptomatic improvement following treatment with TNF-a. inhibitors. Specifically, 3/6
patients required colectomy, as their symptoms could not be managed with medical therapy
alone. HSCT was performed in 5/6 patients and of those 5 it was curative in 4 patients.

We also identified 6 case series, and report outcomes in total, on 44 patients with XIAP
deficiency and IBD. The age at onset of intestinal symptoms ranged from 1 month to 41
years. Similar to the outcomes observed in case reports, these patients generally developed
medically-refractory IBD. In 92% of the patients, IBD was refractory to treatment with some
combination of steroids, tacrolimus, azathioprine or cyclosporine. Anti-TNF-a therapy was
initiated on 58% of the patients. Forty-four percent of the patients required surgical
interventions. The most common surgery performed was colectomy, while at least one
patient underwent diverting ileostomy. On the other hand, a few mild cases were also
described including a 39 year-old who was successfully treated with mesalamine therapy
alone (Table 2).

Discussion

Mutations in B/RC4, leading to XIAP deficiency is a well-recognized cause of VEO-IBD,
with variable disease penetrance and severity. We report a patient with XIAP deficiency who
developed severe colitis, had profound failure to thrive and presence of hepatosplenomegaly
in infancy. He experienced severe multisystem disease and ultimately developed HLH and
died at 38 months of age. In patients with XIAP deficiency and severe colitis, HSCT can
successfully treat intestinal inflammation and ameliorate the risk of developing HLH. In
these high-risk patients, we believe that HSCT should be considered early in a disease
course, prior to development of life threatening HLH and severe multi-system disease.

X-linked lymphoproliferative syndrome (XLP) is an inherited immunodeficiency estimated
to affect approximately one in one million males (15). The classical form of the disease,
XLP1, was first described in 1974, as immunodeficiency resulting in defective NK cell-
mediated toxicity secondary to inactivating mutations in SH2D1A, encoding SLAM-
associated protein (SAP). XLP1 is associated with development of HLH,
dysgammaglobulimemia and lymphoma. In 2006, Rigaud et al. demonstrated that mutations
in BIRC4, which encodes XIAP protein, result in a closely related X-linked
lymphoproliferative syndrome, XLP2 (11). Patients with XLP2 may also develop HLH and
dysgammaglobulinemia. While only XLP1 patients seem to develop lymphoma, XLP2
patients are uniquely at risk of developing an IBD-like phenotype (14). In both groups, the
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highest risk of mortality is associated with development of HLH, and over 80% of XLP2
patients developed HLH by 20 years of age (14).

In patients with XIAP deficiency, the presence of an IBD-like phenotype has also been
associated with poor outcomes. Development of intestinal inflammation is not surprising, as
XIAP is involved in regulation of apoptosis and inflammatory responses. On a molecular
level, XIAP is required for nucleotide binding and oligomerization domain (NOD) 1 and 2
receptor signaling (16), the latter of which is the strongest susceptibility gene associated
with Crohn’s disease. Further association between XIAP deficiency and IBD has been
established through epidemiologic studies, as 4% of male patients with early onset IBD have
been found to have a mutation in B/RC4(13). IBD has also been diagnosed in female
carriers of B/RC4 mutation, due to random inactivation of X chromosome (17). In spite of a
strong genetic risk and epidemiologic association, only 17% of XIAP deficient patients
develop IBD (14). Furthermore, severity of IBD in patients with XIAP deficiency is highly
variable, both, in terms of clinical presentation, and the natural course of disease. Some
patients develop symptoms in the fourth decade of life and have only a mild disease,
whereas others present in early childhood with severe colitis, which is often refractory to
medical and surgical therapy.

Children who develop IBD at a very young age can have a more severe disease course (7),
and often presents with predominantly colonic involvement. These patients also experience
malnutrition and growth failure at a much higher rate, even as compared to older children
with IBD (18). Malnutrition in these patients is somewhat unexpected, as the colon is not
involved in nutrient absorption. Rather, malnutrition may be a sign of severe inflammation,
leading to high inflammatory cells turnover and, thus, increased energy expenditure.
Furthermore, malnutrition has independent negative effects on immune function and may
add to the severity of immune dysregulation. Therefore, it is reasonable to postulate that, in
patients with XIAP deficiency, early onset colitis and failure to thrive are associated with a
high degree of intestinal inflammation and thus a severe IBD phenotype.

Additionally, patients with XIAP deficiency who develop symptoms of immunodeficiency at
an early age are often reported to have splenomegaly or hepatosplenomegaly. In fact, some
centers recommend screening all patients with unexplained splenomegaly for XIAP
deficiency (19). Splenomegaly is found in 57% of patients with XIAP deficiency (20) and is
thought to be a product of immune activation, even in patients who do not meet full HLH
diagnostic criteria. Thus, splenomegaly and/or hepatosplenomegaly in these patients may be
another sign of wide-spread extra intestinal immune system dysregulation. Indeed, our
patient developed hepatosplenomegaly, with the liver and intestine sharing similar
inflammatory characteristics. Liver biopsy identified the presence of granuloma, which is a
pathognomonic characteristic of Crohn’s disease, when found on intestinal biopsies. Indeed,
patients with Crohn’s disease have been reported to develop hepatic granulomas, although
this is a rare finding (21, 22).

Taken together, our data suggest that XIAP deficiency associated with early onset of colitis,
failure to thrive and splenomegaly/hepatosplenomegaly may thus identify patients with high
degree of immune system dysregulation, who are at risk of experiencing medically-
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refractory IBD. We identified 6 case reports, including ours, of patients presenting in infancy
with severe colitis. Five out of 6 patients had failure to thrive and all had splenomegaly or
hepatosplenomegaly. These patients were noted to have a severe VEO-IBD phenotype, as
evident by the use of biologic immunosuppressive drugs, a high rate of surgical interventions
and 33% overall mortality. In these case reports, the patients that had HSCT generally
achieved resolution of intestinal inflammation (Table 1).

Favorable outcomes have been reported after HSCT in patients with XLP-1 and familial
HLH, with greatly improved survival as compared to the medical treatment (23). Much less
is known concerning outcomes of HSCT for patients with XIAP deficiency. Recent evidence
suggests that myeloablative conditioning regimens in patients with XIAP deficiency are
associated with poor outcomes, with one in 7 chance of survival following HSCT, while 6
out of 11 patients survived transplant with reduced intensity conditioning regiment (24).
Further analysis revealed that 4 out of 5 deaths in reduced intensity conditioning group were
not in full remission from HLH and died from multi-organ failure (25). Initial reports also
suggest that HSCT is curative treatment for intractable colitis (14, 26, 27). Thus, in high-risk
patients with VEO-IBD secondary to XIAP deficiency, who have not yet developed HLH
and may be primarily treated by a gastroenterologist, early referral to a hematologist for
consideration of HSCT may successfully treat their intestinal inflammation and mitigate
their risk of developing life-threatening HLH. Our patient received HSCT after developing
HLH and respiratory failure requiring tracheostomy placement and chronic ventilation. The
HSCT was performed in the ICU and the patient never recovered and eventually succumbed
to multi-organ failure.

Conclusion

In patients with XIAP deficiency and IBD, development of colitis at an early age, presence
of severe failure to thrive and evidence of splenomegaly/hepatosplenomegaly may identify a
subgroup of patients at high risk of developing treatment refractory IBD phenotype. In this
selected subgroup of patients, HSCT should be considered early in the disease course.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A. Endoscopic images of sigmoid colon (upper panels) and close up images of sigmoid
colon ulcers (lower panels, arrows) during initial and repeat colonoscopies. B. Histological
examination showed neutrophilic crypt abscesses (top left, arrows) and epithelial apoptosis
(top right, arrows). Liver biopsy showed lobular lymphocytic inflammation, occasional non-
necrotizing granulomas and marked portal fibrosis (bottom left, arrow points to granuloma).
Bone marrow biopsy (bottom right) did not show hemophagocytosis. C. Summary of serum
inflammatory cell subpopulations. {See supplemental table 4 for more details) D. Response
to treatments in terms of weight gain {black circles) and stool output (blue triangles).
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Table2:

Summary of reported cases series of XIAP with colitis case.
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Publication n Age (Years) STA.C Anti-TNF-a | Colectomy HSCT Outcome
(Speckmann et al., 25 XIAP/6 IBD 1-18 5/6 2/6 1-Rem 3/6 4/6 4 well,
2013) 1symp
1 died
(Pachlopnik Schmid et 30 XIAP/5 IBD 4-41 5/5 1/5 1/5 5-NK 2 symp
al., 2011) 3 died
(Yang et al., 2012) 9 XIAP/2 IBD 0.3-0.5 1/1 1-NK 1/2 1-Rem No No 1 well
1 died
(Zeissig et al., 2015) 96 Ped IBD/4AXIAP 0.7-16 3/31-NK 4/4 2/4 No 3symp
1 died
(Dziadzio et al., 2015) 4 XIAP with IBD 0.1-12 4/4 1/4 2/4 2/4 2 died
(Aguilar et al., 2014) 17 XIAP with IBD 0.3-41 12/14 3-NK | 10/14 3-NK 7/14 3-NK 2/143-NK | 3died
Individual case reports* 6 XIAP with IBD 0.1-3 6/6 5/6 3/6 4/6 2 died
Total 44 0.1-41 36/39 (92%) | 24/41 (58%) | 18/41 (44%) | 12/36 (33%) | 13/44 died (29%)

Colectomy-colectomy or other surgical interventions; NK-not known; n-number of patients; Rem- in remission; S.T.A.C-Steroids, tacrolimus,
azathioprine, cyclosporine; symp —symptomatic;

*
individual case reports from table 1.
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