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lymphoma. A case of splenic Hodgkin lymphoma in a 20-year-old
patient with CGD has also recently been reported.7

Weel et al4 estimated a high relative risk for cancer associated
withCGDon thebasisof epidemiologicdata fromTheNetherlands.
They hypothesized that patients with CGD display deficiencies in
cytotoxicity to cancerous cells on the basis of early experiments
showing antibody-dependent killing of tumor cells by neutro-
phils.10-12 However, the absence of malignancy reports in large
CGD cohorts from the United States,1 Europe,13 and Japan14 and
the lack of tumor development in murine models of CGD call this
assertion into question.
No direct link between nicotinamide dinucleotide phosphate

oxidase and tumorigenesis has been established, although an
association between polymorphisms in oxidative stress pathway
components (CYBA and AKR1A1) and the development of non-
Hodgkin lymphoma has been reported.15 Superoxide production
in B cells occurs at a level only one tenth that in phagocytes,16

and reactive oxygen species in B cells are known to act princi-
pally as signaling molecules, regulating a number of cell func-
tions, including apoptosis.17-20 It therefore seems most likely
that reactive oxygen species act as signaling molecules in B
cells, inducing apoptosis and preventing the uncontrolled prolif-
eration of these cells. Our 2 cases contribute to the available ev-
idence for a high degree of susceptibility to malignancy in
patients with CGD. Whether this is a true cause-effect relation
or just a spurious association of 2 rare diseases remains to be
determined.
This article’s Table E1, with all primary immunodeficiencies

reported to occur in association with Hodgkin lymphoma, and
Table E2, listing all solid cancers and hematologic malignancies
reported to date in patients with CGD, can be viewed in the Online
Repository, together with an extended list of relevant references,
at www.jacionline.org.
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Two new families with X-linked inhibitor of
apoptosis deficiency and a review of all 26
published cases

To the Editor:
X-linked lymphoproliferative disease (XLP) is a primary

immunodeficiency syndrome characterized by combined lym-
phoproliferation and inadequacy of immune response. The dis-
ease most often manifests after an infection with EBV.
In the majority of cases that have been genetically tested,

mutations in the SH2 domain–containing gene 1A, which encodes
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FIG 1. Retrospective mortality in the different treatment groups. The total

of 27 patients does not include the 2 deceased relatives of our patients, who

have not been diagnosed but may have died from XIAP deficiency–related

complications. Data are not adjusted for age of survivors or the fact that

chosen treatment likely corresponds to severity of presentation. Groups are

formed by patients from the respective publications in the following

manner: No treatment group: 3 patients reported by Marsh et al.2 Immuno-

suppression group: 10 patients from the publication by Rigaud et al,1 the 3

patients presented here, and 1 patient reported by Zhao et al.3 Bone mar-

row treatment group: 2 patients from Rigaud et al,1 1 patient reported by

S. Latour via correspondence, and 7 patients described by Marsh et al.2
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for SLAM-associated protein (SAP), a signaling adaptor molecule,
were found.Mutations in the gene that encodes theX-linked inhib-
itor of apoptosis (XIAP) have been identified in SH2 domain–con-
taining gene 1A—negative patients with XLP.1 Among other
functions, XIAPmainly inhibits cellular caspases and is a key reg-
ulator of apoptosis. XLP caused by XIAP mutations has been
termedXLP-2. The clinical implications ofXIAP deficiency in hu-
man beings have not yet been characterized, and a phenotype-
genotype correlation for specific mutations is not visible.
A total of 42 DNA samples were selected from a larger

collection of 152 patients with suspected XLP; all 42 had tested
negatively for SLAM-associated protein mutations and were not
related among themselves. Informed consentwas obtained fromall
patients before examination of their DNA. Analysis of the samples
led to the discovery of 2 new families with XIAP mutations. Here
we present their clinical and molecular genetic data.
DNA was isolated from patients’ blood by using standard

methods. A 100-bp sequence located upstream of the initiation
codon and the entire genomic region of the baculoviral inhibitor
of apoptosis repeat-containing protein 4 gene were obtained by
amplifying overlapping fragments via PCR. Direct double-
strand sequencing was performed with fragment separation on a
capillary sequencer. The sequences of the primer pairs used for
PCR and sequencing reactions are available on request.
In family A, a single-nucleotide exchange from C/T was

found that resulted in the replacement of an arginine encoding
triplet CGA by stop codon TGA at amino acid position 222
(R222X nonsense mutation). The mutation was also found in the
patient’s mother (heterozygous carrier status).
In patient III-1 of family B, a 4-bp deletion mutation,

S347Lfs5X, was identified. This mutation leads to a serine-to-
leucine exchange at position 347 and a subsequent frameshift
with a stop codon occurring 5 triplets later, at position 352. The
same mutation was found in his brother and in his mother (heter-
ozygous carrier status).
Chart reviews and patient interviews were performed to gain
information on the disease presentation. Genealogic data and
family interviews identified further possible afflicted patients in
family B, both of whom had died in the 1970s.
All 3 definitely affected boys had a common history of

recurrent or persistent splenomegaly and acute hemophagocytic
syndrome during their first years of live. In patient III-2,
hemophagocytic syndrome had occurred before EBV infection.
For other clinical presentations, please refer to Table I. All 3 were
successfully treated once with corticosteroids and/or intravenous
immunoglobulins. They are currently 19, 26, and 28 years old,
respectively, and have had no serious recurrences.
Review of the clinical progression of the 5 new patients with

XLP-2 (a genetic diagnosis was secured in 3) presented here, from
12 patients published in the initial report,1 10 patients from Cin-
cinnati,2 and 1 additional patient,3 suggests that recurrent/persist-
ing splenomegaly is the most common manifestation of XLP-2
(24 of 25 patients studied; 96%), followed by hemophagocytic
syndrome (23 of 26 patients studied; 88.5%) and hypogamma-
globulinemia (8 of 24 patients studied; 33%). An association
with EBV was found in 16 of 25 patients studied (64%). This is
important to note because recent guidelines consider hypogam-
maglobulinemia and association with EBV to be the distinctive
features of XLP.4 To date, malignant lymphomawas not observed
in any patient with XLP-2. This suggests that the clinical manifes-
tation of XLP-2 differs markedly from X-linked lymphoprolifer-
ative disorder type 1 (XLP-1): persisting splenomegaly (alone) is
not a typical phenotype in XLP-1. Malignant lymphoma, occur-
ring in approximately one third of all patients with XLP-1,5 has
not been found in any patient with XLP-2 studied so far. It has
been proposed that XIAP deficiency may be more closely related
to familial hemophagocytic lymphohistiocytosis than SLAM-
associated protein deficiency.2 Although the 2009 primary immu-
nodeficiencies update does not distinguish much between XLP-
1 and XLP-2,6 we agree that these entities are more distinct
than previously believed. The notion that patients with XLP-2
do not seem to develop lymphoma should be emphasized in prog-
nosis and the therapeutic approach.
Successful stem cell transplantation is the only curative therapy

in XLP-1. Historical mortality using myeloablative conditioning
regimens in XLP-1 in 1 study was 29%.5Whether stem cell trans-
plantation is the most apt treatment option for XLP-2 is currently
controversially discussed. In 2 XIAP-deficient patients from
France, stem cell transplantation failed.1 Both patients died rap-
idly after being transplanted. A third XIAP-deficient patient
from the Czech Republic who was transplanted died shortly after
the transplant (Sylvain Latour, Paris, personal communication,
April 8, 2010). In the study from Cincinnati, 7 patients underwent
allogeneic hematopoietic cell transplant, with 3 deaths related to
complications.2 All in all, we are aware of 10 XIAP-deficient
patients who received stem cell transplantation, of whom 60%
(6/10) died shortly after transplantation. An overview of treat-
ment regimens XIAP patients have received is given in Fig 1.
However, there is no evidence of complications specifically re-
lated to deficiency of XIAP, and bone marrow transplant can be
successful in these patients.7

The hemophagocytic syndrome in the 3 patients reported here
responded well and completely to treatment with immunoglob-
ulins or corticosteroids, respectively. Furthermore, the Cincinnati
study2 reports 3 patients who, because of a lack of a diagnosis,
received only supportive care. All 3 survived.



TABLE I. Clinical summaries of patients with XIAP deficiency reported to date, updated from Filipovich et al7

Rigaud group Zhao group Marsh group Our patients Total

Number of patients 12 1 10 3 26

Patients with HLH 11 (92%) 1 9 (90%) 3 (100%) 24 (92%)

Patients with splenomegaly 9 (75%) 1 9 (90%) 3 (100%) 22 (85%)

Patients with EBV infection associated HLH 8 (67%) 1 3 (30%) 3 (100%) 15 (58%)

Patients with recurrent HLH or HLH-like illness 6 (50%) 1 6 (60%) 0 13 (50%)

Patients with hypogammaglobulinemia 4 (33%) 0 2 (20%) 1 (33) 7 (27%)

Patients with colitis 2 (17%) 0 0 0 2 (8%)

Patients with lymphoma 0 0 0 0 0

HLH, Hemophagocytic lymphohistiocytosis.
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At this point, therapy remains an individual decision, and
further experience with these patients is necessary to find a
conclusive therapeutic approach.
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