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Late presentation of X-linked inhibitor 2
of apoptosis (XIAP) deficiency in a young
adult
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Abstract

Background X-linked inhibitor of apoptosis (XIAP) deficiency is a rare inborn error of immunity which occurs
secondary to mutations in the XIAP/BIRC4 gene. Disease onset usually manifests within the first few years of life, and
is associated with a spectrum of clinical features, secondary to immune dysregulation. Males typically present with
refractory chronic colitis, hemophagocytic lymphohistiocytosis, and severe and/or recurrent infections. Laboratory
analysis may reveal hypogammaglobulinemia and cytopenias. At present, the only curative treatment is allogenic
hematopoietic stem cell transplantation.

Case presentation A 24-year-old gentleman, immigrant from the Democratic Republic of Congo, was referred to
outpatient immunology for evaluation of an inborn error of immunity given a past medical history significant for
refractory fistulizing Crohn’s disease, arthritis, liver abscesses, prior disseminated tuberculosis, anemia, and recurrent
infections. He had been asymptomatic throughout his childhood and adolescence, with no infections or symptoms
of inflammatory disease until the age of 19, when he was diagnosed with Crohn’s disease. He was soon after admitted
to hospital and was diagnosed with hemophagocytic lymphohistiocytosis. Primary immunodeficiency gene panel
testing revealed a nonsense variant XIAP c833C > G p.(Ser278%), which generates a premature stop codon at exon

2 (of total 7 exons). On flow cytometry analysis, XIAP protein expression was significantly reduced, confirming the
diagnosis of XIAP deficiency.

Conclusion This is one of the only documented reports of a patient with XIAP deficiency, presenting with symptom-
onset in adulthood. This case highlights the need to maintain a high index of suspicion for XIAP deficiency in patients
with the appropriate clinical presentation, despite advanced age of presentation.
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Background

X-linked inhibitor of apoptosis (XIAP) deficiency is a
rare inborn error of immunity (IEI) which occurs sec-
ondary to mutations in the XIAP/BIRC4 gene [2]. The
XIAP protein belongs to a family of apoptotic suppres-
sors and has anti-apoptotic effects through the inhibi-
tion of caspases 3, 7, and 9 [3]. As a result, T cells from
patients with XIAP deficiency, more specifically invariant
natural killer T cells and mucosal-associated invariant T
cells, have increased sensitivity to activation-induced cell
death [2]. Apart from its anti-apoptotic effects, XIAP is
implicated in several immune pathways which have pre-
viously been described [2—4]. Its role in innate immu-
nity comes from the finding that XIAP is required for
nucleotide-binding oligomerization domain-containing
protein-1 and -2 receptor mediated nuclear factor xB
signalling [5, 6]. Additionally, through its role in dectin-1
signalling, XIAP is implicated in anti-fungal immunity
[7]. XIAP is also involved in regulating the activation of
the NOD-, LRR~, and pyrin domain-containing protein
(NLRP3) inflammasome, and XIAP loss results in dys-
regulation of caspase-1/NLRP3 inflammasome activa-
tion, overproduction of pro-inflammatory cytokines and
cell death [4, 8]. Given that XIAP has been implicated
in several immune pathways and that it is important for
both pathogen clearance and regulation of the inflamma-
tory response [4], patients with XIAP deficiency exhibit a
range of clinical features.

XIAP deficiency was historically termed as a type of
X-linked lymphoproliferative (XLP) syndrome, as it was
believed to be phenotypically similar to signalling lym-
phocytic activation molecule deficiency or XLP-1. How-
ever, subsequent observations found that several clinical
features differ between the two entities, more specifically,
that XIAP deficient patients do not develop lymphomas,
and over 80% develop hemophagocytic lymphohistio-
cytosis (HLH), classifying XIAP deficiency as part of a
familial HLH syndrome [4]. It is estimated to occur in
1-2 million live male births; however, its true prevalence
is likely higher [4, 6]. Disease onset usually manifests
within the first few years of life, and is associated with a
spectrum of clinical features, secondary to immune dys-
regulation. Males typically present with HLH, refractory
chronic colitis, and severe and/or recurrent infections [9].
Laboratory analysis may reveal hypogammaglobulinemia
and cytopenias [2, 9]. At present, the only curative treat-
ment is allogenic hematopoietic stem cell transplantation
(HSCT) [4].

Case presentation

A 24-year-old gentleman, immigrant from the Demo-
cratic Republic of Congo, was referred to outpatient
immunology for evaluation of an IEI given past medi-
cal history significant for refractory fistulizing Crohn’s,
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arthritis, liver abscesses, anemia, recurrent biopsy-
proven dermatophyte infections affecting skin and lymph
nodes positive for trichophyton violaceum requiring
prolonged treatment with oral terbinafine, malaria, and
prior schistosomiasis. Additionally, he was treated for
latent tuberculosis (TB) and developed fulminant TB in
the context of tumor necrosis factor inhibitor therapy,
initially treated with ethambutol, isoniazid, moxifloxa-
cin and pyrazinamide. Bronchoscopy confirmed pan-
sensitive mycobacterium, and he completed a 10-month
course of rifampin and isoniazid. Interestingly, he had
been asymptomatic in childhood and adolescence, with
no infections or symptoms of inflammatory disease, until
the age of 19, when he developed severe abdominal pain
and was diagnosed with Crohn’s disease. He failed mul-
tiple lines of treatment such as azathioprine, methotrex-
ate, and multiple biologic agents (infliximab, adalimumab
and vedolizumab). He required repeat courses of sys-
temic steroids and extensive abdominal surgeries.

As he was being investigated as an outpatient, he was
admitted to hospital with decreased oral intake, high
ostomy output, fevers, and general malaise. He was
treated with methylprednisolone for a suspected Crohn’s
disease flare; however, after every attempt at a wean, he
developed recurrent fevers. Imaging showed evidence
of hepatosplenomegaly, hepatic and splenic lesions, and
intra-abdominal and para-aortic lymphadenopathy. He
became severely underweight, appeared emaciated and
required total parenteral nutrition. He was initiated on
broad spectrum antibiotics including caspofungin for
possible hepatosplenic candidiasis.

At that time, primary immunodeficiency (PID) gene
panel testing ordered by his outpatient clinical immunol-
ogist was reported and revealed a hemizygous nonsense
variant XIAP ¢833C>G p.(Ser278*), which generates
a premature stop codon at exon 2 (of total 7 exons). On
flow cytometry analysis, XIAP protein expression was
significantly reduced; however, sample integrity was con-
sidered poor.

He was soon after diagnosed with HLH, with a ferri-
tin over 200,000 mcg/L, elevated soluble CD25 (>27,000
pg/mL), pancytopenia with profound neutropenia, and
bone marrow biopsy and aspirate showing scant hemo-
phagocytes. Testing for cytomegalovirus was negative,
and although Epstein Barr virus (EBV) polymerase chain
reaction (PCR) was negative, EBV nuclear antigen serol-
ogy was positive, indicating past EBV infection. Supple-
mentation with intravenous immune globulin (IVIG)
was initiated for hypogammaglobulinemia thought to
be secondary to enteropathy (IgG 6.09 g/L, albumin
27 g/L). To evaluate for underlying lymphoma, positron
emission tomography was completed, and was nega-
tive for malignancy, but noted progressive lung nodules.
Given his past-medical history of disseminated TB that
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Table 1 Lab values for the patient prior to treatment, after 8
weeks of HLH treatment, and post Anakinra initiation. N/A=not
available. Bolded lab values indicate abnormal lab results outside
the reference range

Lab indices Prior to After 8 weeks of Post

treatment HLH treatment  anakinra
initiation

White blood cells  2.78x10%L  0.53x10°/L 3.30x10%/L

(4.5-11x10%/L)

Hemoglobin 67 g/L 799/L 122 g/L

(140-180 g/L)

Platelets 54x10%/L  23x10%/L 169x 10%/L

(150-350x 10%/L)

Ferritin >200,000 38,786.2 mcg 824 mcg

(22-300 mcg) mcg

Triglycerides 4.70 mmol/L 2.05 mmol/L 1.70

(<1.70 mmol/L) mmol/L

Soluble CD25 >27,000 pg/ 2027 pg/mL N/A

(532-1891 pg/mL) mL

Lactate 3072 U/L 214 U/L 253 U/L

dehydrogenase

(120-230 U/L)

Fibrinogen 210g/L 205g/L 4.98 g/L

(2-4g/L)

was previously treated, a bronchoscopy was done and
revealed acid-fast bacilli, with subsequent PCR con-
firming TB. He was started on treatment for presumed
multi-drug-resistant TB and was on rifampin, pyrazin-
amide, moxifloxacin, linezolid, meropenem, amoxicillin-
clavulanic acid, and isoniazid. Complete HLH treatment,
as per the HLH 2004 protocol was delayed due to active
infection; however, he continued to deteriorate and soon
received the complete regimen (etoposide, cyclosporine,
and dexamethasone) and displayed partial response. The
patient was transferred to a peripheral hospital once he
was clinically stable. He was started on an interleukin-1
receptor antagonist, with further reduction in his bio-
chemical markers and marked clinical improvement
(Table 1).

At his last follow up, he was doing remarkably well on
anakinra (interleukin-1 receptor antagonist) and mark-
ers of HLH remained stable. He no longer required
immunosuppressive therapy for IBD or IVIG, as his IgG
levels remained at the upper limit of normal (last IgG
14.03 g/L). He had gained over 20 kg. His mother was
found to be a carrier of the mutation, but his sister and
two brothers did not inherit it. He was evaluated for
HSCT, but recommendation was made against trans-
plant, partly because only a haploidentical match was
identified. He feels validated to have a diagnosis that
explains his symptoms and hopes to soon be well enough
to return to work.
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Discussion and conclusions

XIAP deficiency is an IEI caused by mutations in the
XIAP gene, and to date, over 90 disease causing muta-
tions have been identified with no genotype-phenotype
correlation [4]. To our knowledge, our patient’s mutation
has not yet been reported. These individuals, as high-
lighted in this case, are susceptible to recurrent infec-
tions, refractory IBD, and HLH. The monogenic form of
IBD in these patients, is known to be distinct from adult
Crohn’s disease in both its etiology and responsiveness to
therapy [10]. Given the refractory nature of this patient’s
Crohn’s disease and extensive history of infections, there
were indications of a potentially dysregulated immune
system.

Although normally diagnosed earlier in life, the late
presentation of XIAP deficiency in this case demonstrates
the heterogeneity of this condition. Previous reports have
found that neither the type of mutation or residual pro-
tein expression is related to clinical presentation and it
is hypothesized that there are likely other genetic and
environmental factors that contribute to the overall phe-
notype [4, 11]. Additionally, limited access to healthcare
may have delayed diagnosis in this case. Overall, XIAP
deficiency is likely underdiagnosed but as genetic testing
is becoming more readily accessible, new cases are being
identified. A recent study reviewing reported cases of
XIAP deficiency highlighted its evolving clinical picture
and emphasizes the importance of recognizing the need
for XIAP deficiency testing across clinical specialities and
patient age ranges, as demonstrated in this case [12].

Early detection of XIAP deficiency allows for family
counselling and timely screening of relatives. Addition-
ally, the importance of early diagnosis comes from the
finding that by the age of 20, 80% of patients develop
HLH, which has a mortality rate of over 50% [13], and in
XIAP deficiency, is noted to be recurrent. With regards
to treatment, HSCT should be considered early in the
disease course as it has been shown to treat intestinal
inflammation and decrease risk of developing HLH; how-
ever, measures should be taken to prevent acute GVHD
in these patients as they may be at higher risk of increased
GVHD severity and mortality [14]. There also remains
lack of data regarding overall benefit of HSCT later in
the disease course [12]. As such, early detection is cru-
cial, and further studies are required to elucidate disease
progression and to drive new therapeutic approaches to
improve the overall quality of life and patient outcomes.

To our knowledge, this is one of the first case reports of
a XIAP deficient patient developing symptoms in adult-
hood. It underlines the need to maintain a high index
of suspicion for XIAP deficiency in patients with the
appropriate clinical presentation, despite advanced age of
presentation.
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Abbreviations
EBV Epstein Barr virus

EBNA Epstein Barr virus nuclear antigen

HLH Hemophagocytic lymphohistiocytosis
HSCT Hematopoietic stem cell transplantation
IBD Inflammatory bowel disease

IEIl Inborn error of immunity

VIG Intravenous immune globulin

NLRP3  NOD-, LRR-, and pyrin domain-containing protein 3
PCR Polymerase chain reaction

PID Primary immunodeficiency

B Tuberculosis

XIAP X-linked inhibitor of apoptosis

Acknowledgements
Not applicable.

Author contributions
S.N and PC wrote the main manuscript text. B.D reviewed and critiqued the
manuscript. All authors read and approved the manuscript.

Funding
Not applicable.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Written consent was obtained from the patient.

Consent for publication
Written consent was obtained from the patient.

Competing interests
The authors declare no competing interests.

Received: 18 September 2024 / Accepted: 22 April 2025
Published online: 29 April 2025

References

1. Riley D, Hao JJ, Kiene H, Kienle G, Mittelman M, Plotnikoff GA. The CARE
guidelines: consensus-based clinical case reporting guideline development.
Glob Adv Health Med. 2012;1(1):5-6.

Page 4 of 4

2. Rigaud S, Fondanéche MC, Lambert N, Pasquier B, Mateo V, Soulas P, et al.
XIAP deficiency in humans causes an X-linked lymphoproliferative syndrome.
Nature. 2006;444(7115):110-4.

3. Eckelman BP, Salvesen GS, Scott FL. Human inhibitor of apoptosis proteins:
why XIAP is the black sheep of the family. EMBO Rep. 2006;7(10):988-94.

4. Mudde ACA, Booth C, Marsh RA. Evolution of our understanding of XIAP
deficiency. Front Pediatr. 2021;9:660520.

5. Bertrand MJM, Doiron K, Labbé K, Korneluk RG, Barker PA, Saleh M. Cellular
inhibitors of apoptosis clAPT and clAP2 are required for innate immunity
signaling by the pattern recognition receptors NOD1 and NOD2. Immunity.
2009;30(6):789-801.

6. LatourS, Aguilar C. XIAP deficiency syndrome in humans. Semin Cell Dev Biol.
2015;39:115-23.

7. Hsieh WC, Chuang YT, Chiang IH, Hsu SC, Miaw SC, Lai MZ. Inability to resolve
specific infection generates innate immunodeficiency syndrome in Xiap-/-
mice. Blood. 2014;124(18):2847-57.

8. Yabal M, Miller N, Adler H, Knies N, Gro3 CJ, Damgaard RB, et al. XIAP restricts
TNF- and RIP3-dependent cell death and inflammasome activation. Cell Rep.
2014;7(6):1796-808.

9. Aguilar C, Latour S. X-linked inhibitor of apoptosis protein deficiency:
more than an X-linked lymphoproliferative syndrome. J Clin Immunol.
2015;35(4):331-8.

10.  Zacharias SA, Seshadri P, Hwang S, Baker L, Powell J, del Fernando J, et al.
Delayed diagnosis of X-linked lymphoproliferative syndrome type 2 in a
17-year-old male with severe Crohn’s disease and recurrent skin infections.
JPGN Rep. 2021;2(3):e102.

11. Speckmann C, Lehmberg K, Albert MH, Damgaard RB, Fritsch M, Gyrd-Hansen
M, et al. X-linked inhibitor of apoptosis (XIAP) deficiency: the spectrum of
presenting manifestations beyond hemophagocytic lymphohistiocytosis.
Clin Immunol. 2013;149(1):133-41.

12. Yang L, Booth C, Speckmann C, Seidel MG, Worth AJJ, Kindle G, et al. Pheno-
type, genotype, treatment, and survival outcomes in patients with X-linked
inhibitor of apoptosis deficiency. JACI. 2022;150(2):456-66.

13. Bichon A, Bourenne J, Allardet-Servent J, Papazian L, Hraiech S, Guervilly C, et
al. High mortality of HLH in ICU regardless etiology or treatment. Front Med.
2021;8:735796.

14.  Arnold DE, Nofal R, Wakefield C, Lehmberg K, Wustrau K, Albert MH, et al.
Reduced-intensity/reduced-toxicity conditioning approaches are tolerated
in XIAP deficiency but patients fare poorly with acute GVHD. J Clin Immunol.
2022;42(1):36-45.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Late presentation of X-linked inhibitor of apoptosis (XIAP) deficiency in a young adult
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusions
	﻿References


