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Abstract Deficiency of X-linked inhibitor of apoptosis
(XIAP) caused by XIAP/BIRC4 gene mutations is an
inherited immune defect recognized as X-linked lympho-
proliferative syndrome type 2. This disease is mainly ob-
served in patients with hemophagocytic lymphohistiocytosis
(HLH) often associated with Epstein-Barr virus infection.
We described nine Japanese patients from six unrelated
families with XIAP deficiency and studied XIAP protein
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expression, XIAP gene analysis, invariant natural killer T
(iNKT) cell counts, and the cytotoxic activity of CD8"
alloantigen-specific cytotoxic T lymphocytes. Of the nine
patients, eight patients presented with symptoms in infancy
or early childhood. Five patients presented with recurrent
HLH, one of whom had severe HLH and died after cord
blood transplantation. One patient presented with colitis, as
did another patient’s maternal uncle, who died of colitis at
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4 years of age prior to diagnosis with XIAP deficiency.
Interestingly, a 17-year-old patient was asymptomatic, while
his younger brother suffered from recurrent HLH and EBV
infection. Seven out of eight patients showed decreased
XJAP protein expression. iNKT cells from patients with
XIAP deficiency were significantly decreased as compared
with age-matched healthy controls. These results in our
Japanese cohort are compatible with previous studies, con-
firming the clinical characteristics of XIAP deficiency.

Keywords X-linked lymphoproliferative syndrome - X-
linked inhibitor of apoptosis - Epstein—Barr virus -
hemophagocytic lymphohistiocytosis - invariant natural killer
Teell

Abbreviations

BIR Baculovirus IAP repeat

CTL Cytotoxic T lymphocyte

HSCT Hematopoietic stem cell transplantation
HLH  Hemophagocytic lymphohistiocytosis

IAP Inhibitor of apoptosis

LCL Lymphoblastoid cell line

MMC  Mitomycin C

mAb Monoclonal antibody

MFI Mean fluorescence intensity

INKT  Invariant natural killer T

PCR Polymerase chain reaction

PBMC Peripheral blood mononuclear cells
TCR T cell receptor

XIAP  X-linked inhibitor of apoptosis
XLP X-linked lymphoproliferative syndrome
Introduction

X-linked lymphoproliferative syndrome (XLP) is a rare
inherited immunodeficiency estimated to affect approxi-
mately one in one million males, although it may be under-
diagnosed [1]. XLP is characterized by extreme
vulperability to Epstein—Barr virus (EBV) infection, and
the major clinical phenotypes of XLP include fulminant
infectious mononucleosis (60%), lymphoproliferative disor-
der (30%), and dysgammaglobulinemia (30%) [2]. In addi-
tion, XLP is associated with a variety of additional clinical
phenotypes such as vasculitis, aplastic anemia, and pulmo-
nary lymphoid granulomatosis. Patients with XLP often
develop more than one of these phenotypes. The gene
responsible for XLP was identified as SH2DIA, located on
Xqg25 and encoding the SLAM-associated protein (SAP)
[3-5]. However, gene analysis revealed SH2DIA4 mutations
in only 50-60% of presumed XLP patients [6]. Importantly,
a mutation in the gene that encodes the X-linked inhibitor of
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apoptosis (XIAP) called XIAP or BIRC4 was identified as a
second causative gene for XLP [7]. XIAP is located close to
the SH2D1A gene on the X chromosome and consists of six
coding exons [8-10]. XIAP produces an anti-apoptotic mol-
ecule that belongs to the inhibitor of apoptosis (IAP) family
proteins. It contains three baculovirus IAP repeat (BIR)
domains that, together with flanking residues, bind to cas-
pases 3, 7, and 9, thereby inhibiting their proteolytic activity
[11].

The clinical presentations of XIAP-deficient patients
have been frequently reported [7,12,13]. More than 90%
of patients with XIAP deficiency develop hemophagocytic
lymphohistiocytosis (HLH) which is often recurrent. There-
fore, it was recently suggested that the phenotype of XIAP
deficiency fits better with the definition of familial HLH
than with XLP disease [12]. However, familial HLH is
characterized by defects in CD8™ T and NK cell cytotoxicity
responses, while these responses are normal in XIAP defi-
ciency [7,12]. Other symptoms of XLP, such as splenomeg-
aly, hypogammaglobulinema, and hemorrhagic colitis, have
been reported in patients with XIAP deficiency, but lym-
phoma has never been noted [7,12-15].

We searched for patients with XIAP deficiency in Japan
by detection of XIAP gene mutations and flow cytometric
assessment of lymphoid XIAP expression. We previously
reported the first case of XIAP deficiency in Japan [14].
Thereafter, we identified eight additional cases from five
families with XIAP deficiency in our country. In this study,
we describe the clinical and laboratory findings from nine
patients from six unrelated families with XIAP deficiency,
including previous cases, to help further the understanding
of the pathogenetic features of this disease.

Materials and Methods
Patient and Family Member Samples

Patients without indentified SH2DI14 mutations but with
presumed XLP phenotypes were screened for XI4P muta-
tions. Their family members were also screened for the same
mutation. Upon identification of XI4P mutations, the
patients were enrolled in this study. Patient 2.2 passed away
before a genetic diagnosis of XIAP deficiency was made,
but he was the matemnal uncle of patient 2.1 and had pre-
sented with a XLP phenotype (Table I). In the end, nine
patients from six different families were found to have
XIAP deficiencies, three of whom had been reported previ-
ously [13,14]. Upon the approval of the Ethics Committee
of the University of Toyama and after obtaining informed
consent, 5—10 mL heparinized venous blood was collected
from the patients, their mothers, and 25 age-matched healthy
children (1-13 years of age). All of the samples were
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transferred to our laboratory at room temperature within
24 h for analysis.

Mutation Analysis of the XIAP Gene

DNA was extracted from peripheral blood using the
QuickGene-Mini 80 nucleic acid extraction system (FUJI-
FILM Co., Tokyo, Japan). The coding regions and the
exon—intron boundaries of the X7T4P gene were amplified
by polymerase chain reaction (PCR) using primers flanking
each of the six exons by standard methods. PCR products
were sequenced using the BigDye Terminator Cycle Se-
quencing Kit (Applied Biosystems, Foster City, CA, USA)
with the same primers used for PCR amplification. Sequenc-
ing analysis was performed on an Applied Biosystems
Prism 310 Capillary Sequencer (Applied Biosystems).

Flow Cytometric Analysis of XIAP Protein Expression
in Lymphocytes

XIAP protein expression was studied by flow cytometric
techniques as previously described [16,17]. Peripheral blood
mononuclear cells (PBMC) from patients 1,2.1,3.1,3.2,4, 5,
6.1, 6.2, and 25 age-matched healthy children were prepared
by density gradient centrifugation over Histopaque-1077 (Sig-
ma-Aldrich, Inc., St. Louis, MO, USA). The cells were first
fixed in 1% paraformaldehyde in PBS for 30 min at room
temperature and then permeabilized in 0.5% saponin in wash-
ing buffer. The fixed and permeabilized cells were then incu-
bated with an anti-XIAP monoclonal antibody (mAb) (clone
48 (BD Biosciences, Franklin Lakes, NJ, USA) or clone 2 F1
(Abcam, Cambridge, UK)) for 20 min on ice, washed, and
then incubated with a FITC-labeled anti-mouse IgG1 antibody
(SouthernBiotech, Birmingham, AL, USA) for 20 min on ice.
The stained cells were analyzed on the FC500 flow cytometer
(Beckman Coulter, Tokyo, Japan).

Western Blot Analysis of XIAP Protein Expression
in Lymphocytes

PBMC from normal controls and patients 3.1, 5, and 6.2
were washed and pelleted. The cells were then lysed in
10 pL of lysing solution (1% Triton-X 100; 150 mmol/L
NaCl; 10 mmol/L Tris—=HCl, pH 7.6; 5 mmol/L EDTA-Na;
2 mmol/L phenylmethylsulfonyl fluoride) per 10° cells for
30 min on ice. The lysed cells were centrifuged for 10 min at
15,000g to remove nuclei, and the supernatants were diluted
in the same volume of Laemmli’s sample buffer. Samples
were then electrophoresed in sodium dodecyl sulfate—poly-
arylamide 10% to 20% gradient gel and blotted on nitrocel-
lulose filters. Blots were blocked in 5% skim milk in PBS
for 1 h, treated with anti-XIAP mAb (clone 28 or clone
2F1) for 2 h, and then incubated with peroxidase-conjugated

anti-mouse IgG antibody (Invitrogen, Grand Island, NY,
USA) for 1 h. Immunoblots were developed by the ECL
Western blotting detection system (GE Healthcare UK Ltd.,
Buckinghamshire, England).

Flow Cytometric Identification of Invariant Natural Killer T
Cells

PBMC from eight patients (1, 2.1,3.1,3.2, 4, 5,6.1, and 6.2)
and 25 controls were incubated with fluorochrome-conjugated
anti-CD3 (Dako Japan KK, Kyoto, Japan), anti-TCRV «24,
and anti-TCRV[311 mAbs (Beckman Coulter) to identify in-
variant natural killer T (iNKT) cells by flow cytometry. After
the electronic gating of 100,000 CD3™ T cells, iNKT cell
populations were defined by the co-expression of TCRV«24
and TCRVB11. The iNKT cell counts were evaluated at the
diagnosis of XIAP deficiency.

Establishment of Alloantigen-Specific Cytotoxic T
Lymphocyte Lines and Analysis of Cytotoxic T
Lymphocyte-Mediated Cytotoxity

Alloantigen-specific CD8™ cytotoxic T lymphocyte (CTL)
lines were generated as described previously [18,19]. Brief-
ly, PBMC were obtained from patients 1, 2.1, 3.1, and
unrelated healthy individuals. These cells were co-cultured
with a mitomycin C (MMC)-treated B lymphoblastoid cell
line (LCL) established from an HLA-mismatched individual
(KI-LCL). Using cell isolation immunomagnetic beads
(MACS beads; Miltenyi Biotec, Auburn, CA, USA), CD§"
T lymphocytes were isolated from PBMC that had been
stimulated with KI-LCL for 6 days. CD8" T lymphocytes
were cultured in RPMI 1640 medium supplemented with
10% human serum and 10 IU/mL interleukin-2 (Roche,
Mannheim, Germany) and stimulated with MMC-treated
KI-LCL three times at 1-week intervals. These lymphocytes
were then used as CD8” alloantigen-specific CTL lines. The
cytotoxic activity of CTLs was measured by a standard
51Cr-release assay as described previously [20]. Briefly,
alloantigen-specific CTLs were incubated with 'Cr-labeled
allogeneic KI-LCL or TA-LCL, which did not share HLA
antigens with KI-LCL, for 5 h at effector/target cell ratios
(E/T) 0of 2.5:1, 5:1, and 10:1. Target cells were also added to
a well containing only medium and to a well containing
0.2% Triton X-100 to determine the spontaneous and max-
imum levels of >'Cr release, respectively. After 5 h, 0.1 mL
of supernatant was collected from each well. The percentage
of specific >'Cr release was calculated as follows: (cpm
experimental release — cpm spontaneous release) / (cpm
maximal release — cpm spontaneous release)x 100, where
cpm indicates counts per minute.
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Table I Summary of our data

Patient 1 [13] Patient 2.1 [12] Patient 2.2 [12] Patient 3.1 Patient 3.2 Patient 4 Patient 5 Patient 6.1 Patient 6.2
Age at initial presentation 20 months 7 months 3 months 2 months Asymptomatic 2 months 6 months 17 months 15 months
Current age 4 years Deceased Died of colitis 12 years 17 years 15 years 2 years 1 year 12 years
Family history No Yes Yes Yes Yes No No Yes Yes
HLH + + - + - - + + +
Recurrent HLH + + - + - - + - +
Fever + + + + - - + + +
Splenomegaly + + ND - - - - + +
Cytopenia + + ND + - - + + +
EBV + - ND + - - - + +
Hypogammaglobulinemia - + ND - - + - - -
Colitis - - + - - - + - -
Treatment PSL PSL PSL PSL, Dex

CsA CsA ND CsA - IVIG CsA, IVIG IVIG, Dex PSL

Dex Dex Infliximab
Allogeneic HSCT - + - - - - - - -
Mutation R238X R381X ND W217C£sX27 W217CfsX27 E349del Del of exons 1-2 N341Y{sX7 N341Y{sX7
XIAP protein expression ES - ND - - + * 4 *

HLH hemophagocytic lymphohistiocytosis, ND no data, EBY Epstein-Barr virus, PSL prednisolone, Cs4 cyclosporin A, Dex dexamethasone, /V/G intravenous immuglobulin, HSCT hematopoietic
stem cell transplantation, + yes or positive, — no or negative, + residual expression
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Statistical Analysis

Student’s -test was used for statistics, with P-values <0.05
considered to be statistically significant.

Results
Clinical Manifestations of the Patients

Most of our patients presented with disease symptoms at
very early ages; five patients presented in infancy and three
patients presented in childhood (Table I). Three of the six
families had family history records. Five of the nine patients
had recurrent HLH, fever, splenomegaly, and cytopenia.
EBV infection and hypogammaglobulinemia were also ob-
served in multiple patients. Most patients with HLH were
treated with corticosteroids with or without cyclosporin A to
prevent an otherwise rapidly fatal disease course. Patients
2.2 and 5 presented with colitis, whereas patient 2.2 died;
patient 5 improved with anti-TNF alpha mAb (infliximab®)
treatment. Patient 2.1 underwent cord blood transplantation
but died of complications. Patient 4 had a history of recur-
rent otitis media and pneumonia since 2 months of age, and
he was found to have hypogammaglobulinerrﬁa. The patient
was treated with intravenous immunoglobulin replacement
therapy alone, and he is currently doing well. No patient
developed lymphoma.

Detection of XITAP Mutations

We identified XZ4P mutations in patients from all six unre-
lated families (Fig. 1) and analyzed all of the data using the
US National Center for Biotechnology Information database

NH2 4 | BIR1 BIR2 BIR3 RING |- COOH
t I
1 -‘_’- 5 6
ATG TAA
Del Ex1-2
Pt5

N341Y{sX7 E349del R381X
Pt6.1,6.2 Pt4  pt21

W217CisX27 R238X
Pt3.1,3.2 Pt 1

Fig. 1 XIAP gene mutations and their consequences for XIAP protein.
XIAP comprises six exons and encodes the XIAP protein, which
consists of 497 amino acids. XIAP contains three BIR domains and
one RING domain. Mutations identified in our patients are indicated

(http://www.ncbi.nlm.nih.gov/SNP) to check for single-
nucleotide polymorphism in the XIAP gene. As previously
reported, patient 1 possessed a nonsense mutation, 712 C >
T, resulting in an early stop codon R238X [14]. Patient 2.1
had a nonsense mutation in exon 5, 1141 C > T, resulting in
R381X [13]. Patient 2.2 might have the same mutation as
patient 2.1 because patient 2.2 was the maternal uncle of
patient 2.1 [13]. Patients 3.1 and 3.2 were siblings and were
found to have a one base pair deletion (650delG) in exon 1,
resulting in a frameshift and premature stop codon
(W217CfsX27). Patient 4 was found to have one amino
acid deletion (1045_1047delGAG; E349del) in exon 3. Pa-
tient 5 has a large deletion, spanning exons 1 and 2. Patients
6.1 and 6.2 were brothers and had a two-nucleotide deletion
(1021_1022delAA), which resulted in a frameshift and pre-
mature stop codon (N341YfsX7). All of the mothers of the
patients from families 1-5 were heterozygote carriers of the
mutations. Interestingly, we could not find any XI4P muta-
tion in the mother of patients 6.1 and 6.2. We identified
deleterious XI4P mutations in nine patients from six unre-
lated Japanese families that are likely to underlie their XLP
phenotypes.

XIAP Expression in Lymphocytes from the Patients
and Carriers by Flow Cytometry

XIAP expression levels were analyzed in the lymphocytes
of patients from all six families (Fig. 2). The lymphocytes of

Patient Patient Mother
clone 48 clone 2F1 Clone 48
Pati p ; 0.79 ; l
atient 1 ‘ i i ‘ Control
Patient 2.1 :C%
Patient 3.1 | 4 3512100
/ 0.45
Patient 3.2 ‘ |
- Control
Patient 4 : ’ clone 2F1
Patient 5 . |
2.81=1.98
Patient 6.1 0'4]
F ¢
i |
Patient 6.2 o.sé‘ m

Fig. 2 XIAP protein expression in lymphocytes from the patients and
their carriers. Flow cytometric detection of intracellular XIAP in lym-
phocytes from patients and their maternal carriers. The gray and black
areas indicate the negative control and anti-XIAP staining, respective-
ly. Anti-XIAP staining was performed using the clones 48 and 2 F1
antibodies where indicated. The number in the box indicates the log
scale difference between the mean fluorescence intensity (AMFI)
stained by the isotype antibody and that by the anti-XIAP antibodies.
XIAP expression in 25 normal controls was also analyzed by the clone
48 and 2 F1 antibodies. The data of mean + standard deviation of AMFI
and each representative profile were shown
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patients 1, 3.1, 5, 6.1, and 6.2 were examined by two
different anti-XIAP mAbs. Using clone 48 antibody,
patients 1, 2.1, 3.1, 3.2, 6.1, and 6.2 showed reduced XIAP
expression, whereas XIAP was normally expressed in the
lymphocytes of patients 4 and 5. In contrast to clone 48,
clone 2F1 antibody showed reduced XIAP expression in
patient 5. The effects of heterozygous X4 P mutations were
studied in the lymphocytes of the patients’ mothers by anti-
XIAP mAD clone 48. The mothers of patients 1, 3.1, and 3.2
showed a bimodal pattern of XIAP protein (Fig. 2). The
mothers of patients 2.1, 6.1, and 6.2 did not show a clear
mosaic pattern, but all of these patients had reduced XIAP
expression levels. Similarly to patients 4 and 5, the mothers

- of patients 4 and 5 demonstrated a normal XIAP expression
pattern.

XIAP Expression in Lymphocytes from the Patients
by Western Blot

Western blot analysis was used to evaluate the expression
level of XIAP to determine the impact of patient XIAP
mutations on protein expression and to compare this to the
flow cytometric analysis. PBMCs from patients 3.1, 5.1, and
6.2 were available for Western blotting. All of these patients
showed a reduction in XIAP protein expression (Fig. 3),
fitting with the results obtained by flow cytometric analysis.

iNKT Cell Counts in the Patients

SAP-deficient patients had reduced numbers of NKT cells
that expressed an invariantly rearranged T-cell receptor
(TCR) consisting of TCRV«24 and TCRVB11 chains
[21,22]. The rare subset of iNKT cells was originally
reported to be reduced in XIAP-deficient patients as well
[7] but seemed to be present in normal numbers in a later
study involving a larger patient cohort [23]. We analyzed the
iNKT cell frequencies in 100,000 CD3™ T cells in our XIAP-
deficient patients and compared these with healthy controls
(Fig. 4). The average frequency of iNKT cells within the
CD3" T cell compartment of our XIAP patients was signif-
icantly reduced by twofold when compared with healthy

Control 1 Patient3.1  Patient5 Patient 6.2 Control 2

S s,

Clone 48 .

Clone 2F1 ¢

B-Actin

Fig. 3 XIAP expression in lymphocytes from the patients by Western
blot. Analysis of XIAP expression in PBMC generated from patients
with XIAP deficiency and normal controls using the antibody clone 48
(upper panel), the antibody clone 2 F1 (middle panel), and the {3-actin
antibody as an internal control (lower panel)
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Fig. 4 iNKT cell counts in the patients and healthy controls. a Repre-
sentative flow cytometric analysis of iNKT cells in CD3” lymphocytes
from one XIAP-deficient patient and one healthy control. b Compar-
ison of the number of iNKT cells in 100,000 CD3" lymphocytes
between XIAP-deficient patients and control individuals. Statistical
significance between patients and controls was determined with the
Student’s t-test ( p-value=0.027) )

controls (20 vs. 47 per 10° CD3™ T cells). Therefore, we
concluded that the number of iNKT cells was reduced in our
patients with XIAP deficiency.

Functional Analysis of CTL Lines Established
from the Patients

To test whether our XIAP-deficient patients have similar
defects in CD8™ T cell cytotoxicity as described in other
subtypes of familial HLH [20,38], we generated CD8"
alloantigen-specific CTL from patients 1, 2.1, 3.1, and three
healthy controls (Fig. 5). The cytotoxic activity of the CTL
of these patients was similar to that of the healthy controls,
indicating that XIAP patients clearly differ from other fa-
milial HLH patients in this aspect of the disease.

Discussion

XIAP deficiency is a rare but severe and life-threatening
inherited immune deficiency [12,13]. Early diagnosis and
life-saving treatment such as hematopoietic stem cell trans-
plantation is especially important. The causative gene for
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Fig. 5 Cytotoxicity of - Patient 1 Patient 2.1 Patient 3.1
alloantigen-specific CD8™ T 125
. - . 125 125
cell lines. CD8™ T cell lines
1001 100 100
were generated from PBMC of S ./'/'-. ‘/O"‘".
patients with XIAP deficiency 754 ././. 75 75
and healthy controls by 50 50 50 /
stimulation with allogeneic ;
LCL (KI-LCL). Their 2 e B A/A/‘ 25
cytotoxity was determined o A= 0 == - 0+
against allogeneic KI-LCL 25:1 51 10:1 25:1 51 10:1 25:1 51 10:1
(circles) and against allogeneic
TA-LCL (triangles), which . Control 1 Control 2 Control 3
does not share alloantigens with 125 125 125
KI-LCL :
100 100 ‘/.,/0 100 ‘-_"/.
75 '/0/. 75 75
50 50 50 ‘/A/‘
254 25 25
0+ fr—ad—A - 0~ — - 0
25:1 51 10:1 25:1 51 10:1 25:1 51 10:1

XIAP deficiency was identified to be XI4P/BIRC4, and 25
mutations in the XIAP gene have been previously reported
[7,12-14]. In the present study, we described four novel
mutations (W217CfsX27, E349del, deletion of exons 1
and 2 and N341Yf5X7) in the XI4P genes as well as previ-
ously described patients with R381X and R238X mutations
[13,14]. The mother of patients 6.1 and 6.2 had no mutation
in the XI4P gene. Because this is an X-linked inheritance,
the failure to identify the same mutation in the mother
suggests that the mother had a germline mosaicism for the
mutation. Such mosaicism has not yet been described in
XIAP deficiency, but it has been reported in Duchenne
muscular dystrophy, X-linked severe combined immunode-
ficiency, X-linked agammaglobulinemia, and many other
inherited diseases [24-26]. HLH is common in XIAP-
deficient patients, and it is often recurrent [13,14]. In our
study, six patients had HLH and five patients presented with
recurrent HLH. Therefore, XIAP deficiency should be sus-
pected in certain boys with HLH, especially in those with
family history or recurrent HLH. The reason why XIAP
deficiency increases susceptibility to HLH remains unclear.
Murine studies have also failed to disclose a mechanism for
the development of HLH [27]. Interestingly, Xiap-deficient
mice possess normal lymphocyte apoptosis induced by a
variety of means [28]. Three of our patients presented with
EBV-associated HLH. EBV infection has been reported to
be a trigger of the first HLH episode in patients with XIAP
deficiency [13]. The excess of lymphocyte apoptosis in
XIAP deficiency might account for the abnormal immune
response to EBV [28]. Splenomegaly is not frequently ob-
served in XLP type 1 or SAP deficiency but might be a
common clinical feature in XIAP deficiency [12,13] as four
(50%) of eight Japanese patients developed splenomegaly.
Pachlopnik Schmid et al. [13] reported that recurrent spleno-
megaly occurring in the absence of systemic HLH was often

associated with fever and cytopenia. XIAP-deficient
patients are at risk for chronic colitis, which is possibly a
more frequent cause of mortality than HLH [13]. Our study
included two patients who developed colitis, and one of the
patients died of colitis at 4 years of age. Although we did not
have enough clinical information or samples from that pa-
tient because of his early death, his symptoms suggest that
he had a XIAP deficiency complicated with colitis because
he was the maternal uncle of patient 2.1. The other patient
was 2 years old and also suffered from chronic hemorrhagic
colitis.

" In contrast to SAP deficiency, lymphoma has never been
reported in XIAP deficiency, including our patients. Some
studies indicate that the XIAP protein is a potential target for
the treatment of cancer based on the anti-apoptotic function
of XIAP [29]. Therefore, the absence of XIAP may protect
patients from cancer, explaining why XIAP-deficient
patients do not develop lymphoma. We generated a clinical
summary to compare XIAP-deficient patients with the pre-
vious reports (Table II). Although our study included a
relatively small number of patients, our results appear to
be consistent with previous large studies [12,13] and con-
firm the clinical characteristics of XIAP deficiency.

Flow cytometry can be used for the rapid screening of
several primary immunodeficiencies including XLP [30].
XIAP protein has been found to be expressed in various
human tissues, including all hematopoietic cells [7,10].
Marsh et al. [16] described that XIAP was readily detectable
in normal granulocytes, monocytes, and all lymphocyte
subsets. Moreover, patients with X/4P mutations had de-
creased or absent expression of XIAP protein by flow
cytometry [14,16]. We investigated XJAP expression in
lymphocytes from eight patients by flow cytometry as pre-
viously described [16,17]. As demonstrated by Marsh et al.
[16], clone 48 antibody provided brighter staining compared
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Table II' Comparison of

patients with XIAP deficiency Marsh R et al. [12] Pachlopnik Schmid J et al. [13] Our study

Number of patients 10 30 9

HLH 9 (90%) 22/29 (76%) 6/9 (67%)
Recurrent HLH 6 (60%) 11/18 (61%)) 5/6 (83%)
EBV-associated HLH 3 (30%) 16/19 (84%) 4/6 (67%)
Splenomegaly 9 (90%) 19/21 (90%) 4/8 (50%)
Hypogammaglobulinema 2 (20%) 8/24 (33%) 2/8 (25%)
Lymphoma 0 0 0

Colitis 0 5 (17%) 2 (22%}

to clone 2F1 antibody. In patients 5, 6.1, and 6.2, XIAP
protein expression was normal when using clone 48 anti-
body but decreased when using clone 2F1 antibody. Western
blot analysis showed XIAP expression in patients 3.1, ,5 and
6.2, and using clone 48 antibody, we found a discrepancy
between flow cytometry and Western blot. Flow cytometric
diagnosis may thus result in false positive results, and the
gene sequencing of XIAP should be performed even when
the patient shows normal XIAP expression levels.

All of the mothers examined in this study except for one
were carriers of XIAP mutations. Analysis of XIAP expres-
sion in the mothers of patients 1, 3.1, and 3.2 revealed a
bimodal expression pattern of XIAP in lymphocytes with
cellular skewing towards expression of the wild-type XIAP
allele as previously demonstrated [16]. However, the mother
of patients 2.1, 6.1, and 6.2 demonstrated a normal expres-
sion pattern, possibly resulting from an extremely skewed
pattern of X chromosome inactivation as shown in XIAP
deficiency and other primary immunodeficiencies, and de
novo mutations in XI4P are also observed [16,31]. The
mother of patients 6.1 and 6.2 might have a germline mo-
saicism for the mutation, resulting in normal XIAP protein
expression.

iNKT cells represent a specialized T lymphocyte subpop-
ulation with unique features distinct from conventional T
cells [32,33]. Human iNKT cells express an invariant TCR
that recognizes self and microbacterial glycosphingolipid
antigens presented by the major histocompatibility complex
class I-like molecule CD1d [28]. The first series of XIAP-
deficient patients showed decreased iNKT cell counts sim-
ilar to SAP deficiency [7]. However, Xiap-deficient mice
have normal numbers of iNKT cells and did not show an
abnormal response to apoptotic stimuli [34]. Marsh et al.
[23] reported a cohort of XIAP-deficient patients with nor-
mal numbers of iNKT cells, indicating that XIAP-deficient
patients differ from SAP-deficient patients in this respect. In
our cohort, we observed significantly decreased iNKT cell
numbers in XIAP-deficient patients compared to healthy
controls. However, we could not identify a correlation be-
tween the number of INKT cells and the clinical disease

@ Springer

features. Flow cytometric evaluation of iNKT cell counts
can allow for the discrimination of XLP and other primary
immunodeficiency diseases because patients may have nor-
mal XIAP protein expression in their lymphocytes.

CTLs kill their targets by one of two mechanisms:
granule- or receptor-mediated apoptosis [35]. A recent study
showed that the main pathway of cytotoxicity mediated by
alloantigen-specific human CD4" and CD8" T cells is gran-
ule exocytosis and not the FAS/FAS ligand system [18].
Granzyme B is a major effector molecule of granule-
mediated killing that rapidly induces cell death after enter-
ing the cytoplasm of the target cell [36]. The enzymatic
activity of granzyme B is key to its ability to induce cell
death. The executioner caspase-3 has been shown to be
proteolytically processed and activated by granzyme B
[37]. Although XIAP possesses an inhibitory effect for
caspases, it is important to study the cytotoxic activities of
CTLs in XIAP deficiency. Furthermore, many studies have
indicated that some subtypes of patients with familial HLH
show a deficiency in their cytotoxic activities [20,38]. To
further investigate the function of antigen-specific CTLs, we
studied CD8" alloantigen-specific CTL analysis among
three XIAP-deficient patients. XIAP-deficient patients
showed a normal level of cytotoxic activity, suggesting that
XIAP might not play an important role in the cytotoxic
responses of CD8™ T cells as was previously suggested
based on the normal NK cell-mediated cytotoxicity found
in XIAP-deficient patients [7,12].

In this study, we have described nine Japanese patients
with XIAP deficiency with clinical characteristics similar to
those of patients in Europe and USA [12,13]. V
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AN KIFEE

EBRASBT

RERICIE, REIMEIEE SIS L A 5EME T #5 (regulatory T cell & Treg) £ £idh 3
LYOMBLERMIEEL, BEREPTLALF~, RELV-LBRNEREREEMHL
T, RIFEREOHBFCSVTEECEELENERALZLTVS. TregDvRAZ—liR
F & L T forkhead box P3(FOXP3) a3 #EIRE & N TEIE, Treg D54 a1k & iMH
EOSTFHMISEIHMBEEhDDH 3. Treg DR, Thhbd FOXPIHMIETERICLLT,

£ kT3 immune dysregulation, polyendocrinopathy, enteropathy, and X-linked (IPEX)

ERBEEELS. COERE,

1 B FR S (insulin—dependent diabetes mellitus : IDDM)

PHRKBSRETES £OZ LR ZRE, BaETALEEEEREL, BCRFKE
LEZLABZAM, MMMRHY, BREESELEEREET 5. AWTHE, IPEXERHEO
BRRIRE 5 VIS FEMBHICOVTHEIRT 5.

iEL®Ic

B O R o A RIBEARIRE, ThRbER
EEAOMFICIE, BCEIGH T AR
BETHA. THNE, THKRSEERT cell re-

ceptor : TCR)MEET V(D)J Mk oMz XY,

10%12 b DIF A SRR R REZ & 028, IEHW
B OHEIC G L CH M OMEZ T ER2 ¥
Z B, SIBTEAICIE PN & RS
AHBD, FMUELETEERNA H CRERED
KAEMIEICEDOTEETHS. KB THRL
SNETHICE, BORERETT] SR TR
B CRIGYE T MIBAHEEST 255, BEANCBL

* KANEGANE Hirokazu, Otsuso Keisuke, Mivawakl Tosh-
io/ B WIKSEERR NER

10(210)

WTZ NS E4FE ORI & o THIHIE9 L
WMahTwa, ToRED THBIHERE,
MM T #08 (regulatory T cells : Treg) L #r9 5
(E1). BOREXIMT S Tregix, 1 > 7 —
043 (IL)-2 S04 o 8 (CD25) Bt CD4 [
Pt Ty NRICRET S I NS E T RER
FZTHL,IZENY, Z0%k, EERTF forkhead
box P3(FOXP3) 25 O bk Elz Riz§ 2 &
A P NS (e

Treg DRENHHHEITIE, 2EFEELED
ISR X LB LEZONDLD, B MIIB
W immune dysregulation, polyendocrinopathy,
enteropathy, and X-linked (IPEX) fig 8 & X &
NBHEBBRERDP SMO T/, R
EQFERE LT, BRI (insulin-dependent
diabetes mellitus : IDDM) % BUARIRARREIR T HE %
COSEERSBES, BRETHZ EOEMER
oz, B85, HOREMLEZ OhAHEM, M
TR, BREEEERREREET LY. 20
0L By X EHSHRERERE LD I NLE
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Ko 1/ ERURBEA S O R

= IPEXERE

BCRIGETIRE

PIRURT ¢

/\EE%@IH%!J ST !

co4 =4 g' FOXPS l agggﬁ
R
cD2s o
Treg Treg@’ﬂ?é ’E%
FICIHEEEET

B 1 Tregil&3EEREE T HEBORMFH €TV
HEH AT, FOXP32H$ 5 CD4"CD25" T #IlRIC & o THEHGHE T #Milao
BagAsm s, BCRBERSSMR S hTw52, IPEX ERFEE T,
FOXP3#RFERIZIY Treg OXBEIIBRETHAS ), BEESHE T M
Maefiflss 2 Lacadic, EERK BERE TRREL BELRC0ETR

TEE B

Be, BE, HAERED U OELRITRENCRE
L, BUREESBI AbRiTIuE EELBR
SBE 71X BOEN T B E O 7 O ALK RSB
LI ENE W, HEEE LTI, SRR
1EIRE LTB I bitsds, WEFE TidEmig
#0i8 # # (hematopoietic stem cell transplanta-
tion : HSCT) 5M— DARA M IGIR CTH 577,

IPEX EBBHOBEMLEETF L L C oK
Xpll.23 1B 5 5 FOXPS BEFMREES
729, FOXP3#izFid, v +hTR 11 AOZs Y

YHOEYILL, B1EOT7I BEI-FT 5.

FOXP3 it forkhead 7 7 3 Y —IZEB T AEER

FTHY, forkhead (FKH)DNA-binding domain.

leucine zipper, zinc finger-binding domain % &
ATV, BEFTH20OEL DL FOXP3 #EE
FERD, AEINTWAEDY, %< 13 FKHDNA-
binding domain (27 &3 2.

Scurfy ¥ 7 A3 IPEX EEH O~ A E T
Thh, ABEREERE, BEAR &I, b
WRD, U NEIERR, FTRREE, Bkdett, TR

JFE L BIE vol. 19 no. 3 2011

e EMBIEER IS D72 B B OB RIEMREE 5
FELT, ABR3~4BATHECT S, ZDscurfy <
T AIBWTD, Foxpd MIETEERNFEZEEINT
V’ZJ“J. )

ZD XD, Treg \ERMBIEILE (RIEFE)
DHFFOIZDIERE LR REE O LhbhoT
B, ST RGEBEREBRICE hhbo
T, Hid 5 ITEENEE H O RERR
RTUMF—FRIIHES L Twb tHREN DY,
B9 B\ I RERE Y 72 TLAE DS E P HH R 1
BOWTHES LTS,

AT, IPEXEBEHAHMHTLIZLICES
T, Treg ORAEZ BT 5 Z L DT IZ UL
FNTH 5.

1. IPEX fEREF DERKR 15

1982 4812 Powell 521, 4 H® IPEX fEEE
WH7- b7 %KE “an X-linked syndrome of
diarrhea, polyendocrinopathy, and fatal infection
in infancy” 2 LD THE L. B REFRE
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ReE LT, BFEARE, HEHERETH, IDDM %
FORBSEEIR T RE, KB TR, ToOMDIERE
LT, HOREHREMHERL mMMURYS, )
NERERR, RFRRNE, BIREML EAHEOLNAG.
KEDBEI, IBANERECRIYE, T oM
DEPHEIC L o TRTT Y. 20k, ZORE
DOHBEFHRENLY, EDOTINLEETDH
BEEZLNTWS., FLFoEREEMREL
73R8 134 72 WAS, Gambineri 5 A% IPEX 8%
plomEEBI2oTEY, bhvbhd, bAS
ECBT 2 IPEX BE6HI(GRR)IIOWTT L
BHiz(F1).
FEREERMIZALBEH R TH 2 Z L HBE VA, F
ERUBETOREDRESNTWEY. $BLE
REBTH-ORMBITEIERICHETH S LB

b A%, Gambineri 5% EBEOFEICH Db
57, IgE LA - 728 O REMER & (HEEE
THI) & IDDM OdER%E B 72 LRI TIE, g
B9 IPEX FEREH 2 5E) RETH B LBT WV 5.
BEAEIL, BOHITHERICHES R & BT
BEICH LT LD TH B2, IDDM % EDORS
WEECERICOA2Y4 bA A v OBFH L EE
LTWaAHRENDE. BEOHETH, IPEX
EREBEEEICBVTRIEEOSVERE, 2B
RN RET 2R TR TH S, JIIEHE
P L ILFERIC D 72 B/NERIEA~ND Y v BREH
BV, BRELUTOKBRETHPHLEZRE L,
BZA LY AWEHTHEbHD. INIER
PRFEWERIE LT, POBIREECLTLT
T 5 2 L% v, NBREERTIE, B

® 1. bHEO IPEX BFCH T 5BRNEHE RERAHH

B no. 1 2 3 4 5 6
SAEE B 5 2% B Hi5 19 25 B i A 64 A
BIEE 19 5% 10 %% 18 1% T 5 1% 26 1%
EE 74.7cm 116.5cm 157. 1 cm 109 cm 100 cm 157.2 cm
(—16.5SD) (—3.78D) (—2.48D) (—2.68D) (—2.25D) (—2.38D)
kB 9.15kg 26.2 kg 44.6 kg 21 kg 14.7kg 48.95kg
RIERE HY) Ht) HY) BL ) &)
WIZFER| 227delT Ala384Thr Ala384Thr Phe373Val 748delAAG WST+HIA>T
(L.76fsx53) (1150G>A) (1150G>A) (1117T>6) (AK250)
MRER | ACREN |7 NE-EEMA FRBEREBEBR BCREMER TEBRR HERR
R4 WIARR
ZOfo | ELERD SELTHE 7 hE— ZL INGTLILE— Z70—+
fER B BB S HEE 7 hE— B
REEsE T hE— 20—+
BIRRIE
BB 27OV LR| AFO4F  |RF04 KB &ETOTUL |20 KRY LA YTRBIAFRY A
AFO4 K | 2704 FRA #7LALX—F| 270X KY A 2504 K ZFEA K
B FAEZHE

®mE 2, 3EFERAL BFE4 5 EEBMBHMME. SD standard deviation (RHEREE)
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FBOEME HBEVCLA, BIRTE HEEEE~O
Uy SBREESES SN A, MIEFICH entero-
cyte FUEASSEBH SN TV BEFNE {, ZOHE
»1-2k LT, BOREWERERME 75 kDa HUR
(autoimmune enteropathy-related 75 kDa anti-
gen : AIE-75) A AE S T2, 20, #l
AIE-75 §iifkiz, THIZ 2 L7 IPEX 12 fl&fl T
B TH o2 DRSS TVEY.
ZRMER S EESE & LT, IDDM % HiKIREke
BTESSEETCHROLNG. & ICHERER
BT RIET 5 IDDM 14, IPEX FEMEFEO
BWICWIEELERTHY, A AU ¥I2L A1
o bo— VL EEETH L DL B
BURIRAAR IS ) v ERoBREIRO b, TEE
Milabufk, FHIRELI 7 0 v — APRS B
N, HOREOHFICL > TEL, BEOEK
RECEBHOTIEL . IPEX SEEHETIE, &l
LRI RSB RE L TN T, RIEEERETE
PBELZIHHESNTHLEDATH .

IPEX JEBEBET LT 2 DIC D0 WTH WIERIZ,

B ThbH. EEUEE 7T ME-MERERE
EETLHY, HL—BHUTHLHDE, SRS
THb EEREBBRECE £FWHERE-
RSB, B ROTFRIEER 2RI,
HERETH 5.

IPEX SEBBED ZOMDIEIRE LT, 7 —24 A
o BEIEE N, B OREE /MRS
A 7 e, M TREFUERD UL UITRE
AN BERIEZEOMN 1/3BECEDLR,
FAEDPHEAUELRTH S0, BHEZEARSLMER
T B ARG R BHET R BB £ 2 &0 T 5
REBIDHFIET 5. BHORBEEFZIEHN 20% 08
BIROLND. ZOMITIE 1 o SEERESR
BEEREEZ AT 5. & QICHmE, B,
Biige, {LIBRMEMEEAL EPMESNTEY, AIE
I S5 RIETIHISEN R E & £ 2 S A ER]
b oA, SREHHISERMERENIC D BRI
b, REREVHFETIUEEEISE25 B

DIV A

PHEESHE vol 19 no. 3 2011

T 1 /BRMERESSEDOH R

CREMEFRIRRADEIHE ) bR, RBEPHK
B L TREAPEALR T VI &, JEEIK
BLRELHBRERCHELTwDEEEILRS.
WHIEHE & LT, Enterococcus, Staphylococcus,

cytomegalovirus, candida A3% ¥,

2. IPEX EERBFOREMRR

IPEX JEBEHEE O MWRETIE, MmiF IgE,
IgA O L5, WEIESZ 2RO 50, KM >~
/35k@ CD4/CD8 id IE# T, phytohemaggluti-
nin %X pokeweed mitogen, concanavalin A (Z%f
T5Y KRG EAMRIEDEETH B, /2
FOXP3 BETEREBTHARFEDEETIE, 7
O—3 A b XY —IZTFOXP3ZHHAL TS
CD4*CD25" T #ila (Treg) iz F L WAL THD,
BHICERTH S (E2)".

3. IPEXERBORE

FOXP3ft{n-Fix, Treg D54 -sribetiiet
OPEELELIAY —MEFEEZLNT NS,
Treg PEOFSHE T Mg oG L, B85 % ]
THIET, REBWEOERLMHFELTHS. &
O Treg RIRTHILL, FOXP3BIETF % 5H
LTWwa I LA TH L. FOXPI BIZFIE,
2> CDA™T #fa%> CD8™ T MIMLIZIXIT & A &5
BLTwaw. IPEX SEBERE, FOXP3#ET
BEDD Treg DEREIEBTE T, EHWE
CEACHRET &2, HESFRNE ORERE,
TULLF—RE, REWEBLRLE, 2FXFhR
ERECELIERERET S, REZETIEX §
HEOREIES v 5L THY, FOXPI #BzTHE
X B2 TN, FOXP3 METHERICHEE
LTWwh Treg il Lo CHIfENTWwWAHEELS
N5, FEETIE, FOXPIBEFERELRED
72\ IPEX-like syndrome 28 2 hTBY, 7
O E— & — iR T v U — I e EEIER IR
DS DZE B FOXPS BEBETFIC L A EROT
BEtEATRIE S TV,
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® 2. hrEO IPEXERBEZICH T 5 FOXP3'CD4'CD25™ T Hifg
M EE R B L, MBS & 80 o8I, HUFOXP3, CD4. CD25 Hifkiz & % 3 skt

B v, CDA'T Mg BiT % FOXPS &
ik, ®HATEHS%RDHNAA, IPEX

70 At

4 . IPEX JE{&## @ genotype

IPEX fEGRE O M 2 45 FHREBIE W E 2R T
H5H. BIEE TILH 20 OlETFERNRE SR
TBh, IALVA, FreyA, A, KRE,
AT G A ARE R EHHRE SN, FKH DNA-
binding domain IZZRAEF LT 5705, £O{l
OB ERIIHAEL T Y, BEDL Z
%, WEFERSAIC L2 EBBOEIZHS )
Ti%L, F2FoFALHNOERTH>T
b, WHEIRR BAERE 0N 4 B EBIAHE ST
B, FOXP3 mRNA OFB D& Z Lt
DHEFIEE L TV AREEDH 5.

5. IPEXEMREFDEH

=4

BB, RENETRERET 2 ERLH
FThs. ERIELT, HWMPA X R 25,
IR R £ R B 2% 5N, IPEX fEMREEE

CD25 OFB % i L7z, FOXP3"CD4"CD25"T Al
SEEBEBECIHIZE A LD S,

AOTEEILETH D, FHHEL M7 3
DI SIS L BT LIV E—RUSICBEE L 725
CHOmELH A, REWHERE—EDOEHITIE
FHTHAHH, —HIIEEFIIEENTH D,

RN OERIRER S5 2 L RET, Bk
JEZFIERITIRENSL. Y7 uAERY ¥
ARy rua) AABATEA FEFHATHRS
NBHZEDED, FOMIITIEAMPLFF— b,
Arv79F =7, VUFIUTLMEHINTY
B EEEHSL T, sirolimus AV HEREREE S 4
BRI N T 5%, DAETIAFHEEE
T b, Sirolimustdx7 =27 ¥ — T Mg
RIHIL, Treg M ErL I MELDHY,
MBEICHESS 2 ™Y La L IPEX fEMEE
BEIIBCT, E—FR 2 EFRELHSCT TH 5.
H4AETIHE, HSCT 21T SMREEHERICE > T
BIEFIRE D b, FEHEEE FHO 2
ML (reduced-intensity conditioning : RIC) Tt

T, BeDHBEIH LT VA% 2T  FEINARSAL SR, LirL, Bi
14(214) #e9iE L 3% vol. 19 no.3 2011
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FHEEERIENL T, EREMOFHIHEL A TIEL
v, ¥ 7., IPEX EEBOBHE TIIEFFES R
ZhRFv. ZOEEREIE. BED Treg 254
LV FF—HBICx3 2 SH T Mz
MEEShLWI Ers, EREZZTRTVOR
4 Lt IPEX JEMREEEEIC HSCT 25517 S
haX3ickY, BiEHEO FOXP3 Treg Bt
DIRELFAEND L) ICh -7, BEROH
#1125 B L, FOXP3 Treg DEAIEHILT 5 I
iz 1~18» HEEHMH Y, —ELTWwZWw.

FOXP3 Treg ®ETEIL, #EDEH, BiEMaLL,

BTALTE, FHE ) %78 £ 75 (graft versus host dis-
ease : GVHD) FHi#En &, 2 SR HF1EHE
LTWwAaGEsH 5. Bk, RUMEBBIE
SR T BERR, FOXP3 HEHMEHIIOWTO
WEE R, GBI RICH I LD ET HBHEAE
WKowT, ERBZENOMABLQIPLELEZS
nas.

EhUI

FOXP3*Treg t&, SEEHEMEOMIFIZL > T
REMEREZE-TEBD, T0O TregD <A
¥ —WIEFTHH FOXP3 #BETFOHAICLY,
F 05 b & I RE O 5 BRI 5 B B
REBREFBIIEA TS, FLTID Treg OFNT
13 %7, IPEX EREREEE ORBOMPNIEFS L
7. —HT, FOXPIBETREDR DTS2
IPEX EEHEOREBLFEELTBY, ThbHo
AR fEEH % IPEX EEMBICH T 5 HSCT R#fz
Fitie EOBBEOMLOLDIZY, Bl biE
PIOER, MEPLIND.
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. MR R DRSS CE 3

XETH /) IEGERE(RES

— SAPRIEIE & XIAPRIRIE

X-linked lymphoproliferative syndrome

& #5h 70

Hirokazu KaNeGANE
ity e ANk =

OX JEH U > /N MFEERRE (XLP) 12, Epstein-Barr 71 L X (EBV) ICH T 3 BRWRESEORGEET S 4%
RERETRLETH Y, BIAEREHILE, B8 y-/07 0 L miE, BEY S BEBEOSHETS.
1 & A EDEGFIXLP %1 7 1)13 SLAM-associated protein (SAP) £ 21— K % SH2DIA BIEFERICE -
THEUSBH, XLP 2147 2 £¥H& h 3 BEH T X-linked inhibitor of apoptosis (XIAP) £ I — K4 3 XIAP #ifz
FEBRNIBASHEL - XLPBELESWIC Sap /v 779 b T XADEEL S, SAP DRIBICEY FF 1
FET—H LU CD8TT MIIC & BHMMIREENEM, TR, SO A Mh4 EE, EbIC L - THRE
h3MEE%E, BROOWE, FFa1I70%5— THROBEENEEINIZENBEONEL -1, XIAP O
RIS L B HFRBEELBAS H TRA V. SAP RIBE & XIAP RIBEDBFRR T 5 ICHFRIEEES »
WTBTECE-T, EBVERNDOAL 5 FHENA REBEORENIBHSMCLZEEDLS.

t oy | XEHU ) GEFEAEREF (XLP), Epstein-BarroJUR(EBY), RETDIE,
word : S| AM-associated protein(SAP), X-linked inhibitor of apoptosis protein (XIAP)

XS Y v TR % B (X-linked lymphopro-
liferative syndrome : XLP) i3 bl iy £ N p 5ok it
RIBASIETH D, BIEHE 4 B%E (fatal
infectious mononucleosis : FIM), &% y-2a 7'y
VI, B v RIERER S T 50,
1970 FERICIE U & T 2 DIEEERERM S W,
1998 £ 2 DR AMIEF SH2DIA & X
N, 2006 FICE 2 DFEMET & LT XIAP A3
W Nk, 2R FNDMIEFIF SLAM-associ-
ated protein(SAP) % & T iC X-linked inhibitor of
apoptosis (XIAP)% 21— F L, XLP 3% 4 7 1
(SAP KABSE) & # 4 7" 2(XIAP RIBE) o1 &
ns,

AT ZNZNDERE - 5 FRIEFNEH
DFANZDWTIHRB Z itk >T, XLP iTRd
LHEBEFEDTH bW,

1058 | B2OBDEH  Vol. 238 No. 11 2011. 9. 10

| BEpResSE

FLUEHHIZ Epstein-Barr 7 4 L 2 (Epstein—Barr
virus : EBV) BREL 2 SURICHAE T3 Z L 3% 1598,
BRE O L2z L A EDBEE T2 EBV BRULRT
FEo CEETH Y, Lo L, EBV Bikic
BLIELIET £7203 BHIfEEES 241, b
W 3 MERE AL Y >~ S BREE (hemophagocytic
lymphohistiocytosis : HLH) # #fE 3T 2. B% y-/
07 IEPEEY v @D K RO 5N B,
INGIZEBVBEDEETLRD NS (T’ 1),
Zofl, FEFRERM, Vv MEmEL, iy
YARAFIERERIG R, e COHCREKRE
ZETHIELH D, VEIRIEECFERRRE
BTHo7h, REOTM L 2WiBHom ETF
BEBYEELTET» 2, E—OREREIE S
HHEaSETH 5.
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% 1 SAPXRIBE & XIAPRIBEDHERY

i SAP RiIEHE XIAP KIBHE
4295
HLH Hh »h
y-s0 7Y vifE HhH HhH
k) v o8l B L
PR RER M »Hh L
M H HhH 2L
BEF
FREREEF SH2DIA XIAP
&t Xq25 Xq25
a—F¥5%H SAP XIAP
REHEE
NK #ifapEd it &F fistd
NKT fifask i BF~2F&Z
HEME & % HIRE5E &F TLiE
A€ — B Hlila# &F WmERL
AR
HLH SRR R HHIEEE
{bafi: (bt
rituximab % %5 rituximab % & &
Wk S A 42 IgG HiFE 1gG HFR
Y vl b CHin i (e 230 s
TRiAE bl i lofe 21| & RS

HLH : hemophagocytic lymphohistiocytosis (HIERE frif: U o /S HLEEREE) .

FREEEEF

XLP O BEFEMETFIZ 1998 SEiC 3 2D I —7
D SR L THE S, SH2DIA LRE SR,
INETTIOMULEDEFIERY A TOMUBFE
BAREINTVS, IZEAEDERT SAP 1
DERBEET £ RBEZRTH, BEFEROM
i & R B oD B RE 1 BB R I 2 Vo,

SAPERIZ 1287 I /@R, 1D
SH2 FXA »%2FT5 (R 1), SAP i3 T il -
F 2 9 )L F 5 — (natural killer : NK) 5, NKT #H
Jc BT 525, BHlgiciiz e AEREL T
Zz\>, SAP i3 SLAM [R5 F, SLAM 7 7 2 —
KRBT 2L 79— 28T 32 7P IEED
hoTw3,

2006 fFiC SH2DIA BE %R %\ XLP 2 27
5 3KR 12 Hl0BET XIAP BEPREI N
727, BBREEWS Z &S XIAP 13 SH2DIA DEb o
TEFEICRET S, XIAP BHE\: SH2DIA BR &
FIfRICHERETESR % & 72 L, XIAP BHDHEBUIET
FRERET S, XIAP 82— F§ 5 XIAP I
inhibitor of apotosis(IAP) 7 7 S J —IZj@ T 5.
XIAP & 3 2 ® baculovirus IAP repeat(BIR) F #

4 rmoih, HARSA—LEOHEEERIC DD
5. —7%, CKIMICHFIET S Ring F A1 > {id E3
2EFF YA —LIEEEET S XIAP 3T
DM S FEET 5. SAP b XIAP b 20
AR Xk b EBV B HLH % #4GET % 23, XIAP
RABSE IS BV % ERIRAVRRUE SAP JBSE & 1358
RUA—RN—=F 9 T LT,

| SAPY I FILEXLPDREE

SAP 13540 SLAM L+ 7% —O#IfaR ¥ X 4
VIEETAEAHELCHESZN, DL
7 — DNy v EflfAlTaboEeEI SN
78z, HEERIC SLAM ER%EZE T 3
SLAM 772U =Lt 7 ¥ =D 7 FNicb oD
HBI LB ERSTERY, SLAM 7 7 3
) — L& 7% —I2i: 2B4(CD244 ; SLAMF4),
NTB-A(SLAMF6), CRACC(CD319 ; SLAMF7),
CD84(SLAMF5), Ly9(CD229 ; SLAMF3) »S##4E
3. ZhsD X7y —id, AN EMEsto 2
BofRBESa 7Y VR A4 v, BEEER, $14
b 2@ F O vEEEREUMEAT—L
POERINTVS, Fuo B SAP LHHA
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