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X-linked lymphoproliferative syndrome (XLP) is a rare inher-

ited immunodeficiency estimated to affect approximately one

in one million males, although it may be under-diagnosed

(1). XLP is characterized by extreme vulnerability to

Epstein–Barr virus (EBV) infection, and the major clinical

phenotypes of XLP include fulminant infectious mononucleo-

sis (FIM) or EBV-associated hemophagocytic lymphohistio-

cytosis (HLH) (60%), lymphoproliferative disorder (30%),

and dysgammaglobulinemia (30%) (2). In addition, XLP is

associated with a variety of other clinical manifestations

including vasculitis, aplastic anemia, and pulmonary lym-

phoid granulomatosis. Patients with XLP often develop more

than one phenotype over time.

The responsible gene was first identified as SH2D1A/

SLAM-associated protein (SAP) located in the region of

Xq25 (3–5). However, some of the presumed patients with
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Abstract

Objective: X-linked lymphoproliferative syndrome (XLP) type 1 is a rare immunode-

ficiency, which is caused by mutations in SH2D1A gene. The prognosis of XLP is

very poor, and hematopoietic stem cell transplantation (HSCT) is the only curative

therapy. We characterized the clinical features and outcome of Japanese patients

with XLP-1.

Methods: We used a combination of flow cytometric analysis and genetic analysis to

identify XLP-1 and reviewed the patient characteristics and survival with HSCT.

Results: We identified 33 patients from 21 families with XLP-1 in Japan. Twenty-

one of the patients (65%) who did not undergo a transplant died of the disease and

complications. Twelve patients underwent HSCT, and 11 of these (92%) survived.

Conclusion: We described the clinical characteristics and outcomes of Japanese

patients with XLP-1, and HSCT was the only curative therapy for XLP-1. The

rapid and accurate diagnosis of XLP with the combination of flow cytometric assay

and genetic analysis is important.
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XLP do not harbor SH2D1A mutations, although they are

clinically and even histologically similar to XLP patients with

SH2D1A mutations. A second causative gene that encodes

X-linked inhibitor of apoptosis protein (XIAP), namely

XIAP or BIRC4 gene, has been identified (6). Patients with

XLP-2 (XIAP deficiency) sometimes present with splenomeg-

aly and hemorrhagic colitis, but no lymphoma. The SH2D1A

and XIAP genes are close together at Xq25, but the molecu-

lar pathogenesis and clinical features of these diseases seem

to be distinct (7, 8).

The vast majority of patients with XLP die in childhood;

the survival rate is very poor, even with treatment (2). Hema-

topoietic stem cell transplantation (HSCT) is the only cura-

tive therapy for XLP (9, 10). Therefore, rapid definitive

diagnosis and immediate treatment are extremely significant

for better prognosis and survival of patients with XLP. We

previously established the anti-SAP monoclonal antibody

(mAb) and applied it to flow cytometric diagnosis of patients

with XLP-1 (11). We performed a nationwide survey for

XLP-1 with the flow cytometric assay and genetic analysis

and identified a total of 33 patients from 21 families with

XLP-1 in Japan (11–15). In this study, we elucidated the clin-

ical and genetic characteristics of these patients. Twelve

patients with XLP-1 underwent HSCT, and 11 of these

(92%) survived. We also describe the outcomes of HSCT in

Japan.

Materials and methods

Study subjects

The subjects in this study were largely male patients with

FIM or EBV–HLH treated until the end of 2011. In addi-

tion, a few male patients with lymphoma or hypogamma-

globulinemia with unknown genetic origin were suspected of

having XLP. After written informed consent was obtained,

5–10 ml of venous blood was collected into heparin-contain-

ing syringes and delivered to the laboratory. Patients and

families provided informed consent for genetic analyses in

accordance with the 1975 Declaration of Helsinki, and the

study protocol was approved by the Ethics Committee of the

University of Toyama. Several patients were described in our

previous reports (11–15).

Flow cytometric analysis of SAP

Flow cytometric analysis of SAP was performed as previ-

ously described (11, 12). The peripheral blood mononuclear

cells (PBMC) were isolated by Ficoll–Hypaque density gradi-

ent centrifugation and immediately fixed in 1% paraformal-

dehyde for 30 min at room temperature and then

permeabilized in 0.5% saponin for 15 min on ice. To test the

expression of SAP in lymphocytes, these cells were incubated

with 2 lg/ml anti-SAP mAb, termed KST-3 (rat IgG1) or

irreverent rat IgG1, for 20 min on ice and further stained

with a 1:1000 dilution of FITC-labeled goat anti-rat IgG

antibody (Zymed, South San Francisco, CA, USA) or Alexa

Fluor 488-conjugated goat anti-rat IgG antibody (Molecular

Probes, Eugene, OR, USA) for 20 min on ice. To evaluate

SAP expression in CD8+ T and NK cells, PBMC were

stained with phycoerythrin (PE)-conjugated anti-CD8 and

anti-CD56 mAbs (DAKO Japan, Kyoto, Japan), respectively,

before cellular fixation and permeabilization. The stained

cells were analyzed using a flow cytometer (EPICS XL-MCL;

Beckman Coulter KK, Tokyo, Japan).

SH2D1A mutation detection

The SH2D1A mutations were detected by direct sequencing

as described previously (5, 14). Genomic DNA was purified

from PBMC with a QIAamp Blood Kit (Qiagen, Hilden,

Germany) and amplified using primers encompassing each

exon–intron boundary of the SH2D1A genes. The sequencing

reaction was carried out using a BigDye Terminator Cycle

Sequencing Kit (Applied Biosystems, Foster City, CA, USA)

with an automated ABI PRISM 310 DNA sequencer

(Applied Biosystems).

Results

SAP expression in patients with XLP-1

Fresh blood cells were available in 19 patients with XLP-1.

All the examined patients demonstrated markedly deficient

SAP expression in lymphocytes, especially in CD8+ T cells

and NK cells (Fig. 1 and Table 1).

SH2D1A mutations

All the mutations including unpublished data are summarized

with the clinical data (Table 1). There were three gross dele-

tions (the whole gene and two exons 3 and 4), four nonsense

mutations (all Arg55stop), eight missense mutations (Ala3Ser,

Tyr7Cys, two His8Asp, Gly27Ser, Asp33Tyr, Ser34Gly and

Gly49Val), two small deletions (584delA and 1021delAA),

two small insertions (312insG and 545insA), and two splicing

anomalies (416C>T and IVS2+1G>A). The substitution of

416C with T revealed an aberrantly spliced cDNA with dele-

tion of the last 22 bases of exon 1, and IVS2+1G>A

resulted in skipping of exon 2.

Clinical characteristics of Japanese patients with XLP-1

Eighteen of the 33 patients (55%) had FIM or EBV–HLH,

12 patients (36%) had hypogammaglobulinemia, seven

patients (21%) had malignant lymphoma or lymphoprolifera-

tive disease, and two patients (P4.2 and P7.2) had lympho-

cytic vasculitis. One patient (P7.1) had aplastic anemia.

Twenty-seven patients (82%) were associated with EBV infec-

tion at the disease onset. Two patients (P16.1 and P19.3) pre-

sented with non-EBV–HLH. Interestingly, malignant

lymphoma and lymphocytic vasculitis in P4.2 were not asso-

ciated with EBV infection, but the patient later developed

EBV–HLH at the age of 14 yr and died of HLH. Two

patients (P17.2 and P21.1) had encephalitis: and P17.2 devel-

oped acute disseminated encephalomyelitis caused by human
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herpes virus 6 infection and P21.1 developed EBV encephali-

tis. Approximately 70% of the patients (23 of 33) were diag-

nosed by the time they were 5 yr of age, but two patients

(P13.1 and P20.1) were diagnosed in adulthood. Eleven fami-

lies (52%) had X-linked family histories. Ten patients (30%)

presented with more than one clinical manifestation over

time. Ten sibling cases were observed in this study, and seven

families manifested different phenotypes. Fifteen patients

(45%) were treated with intravenous immunoglobulin

replacement therapy. In this study, the mortality rate was 21

of 32 patients (66%), and all the living patients were post-

transplanted. Clinical characteristics of this study are summa-

rized in comparison with those of previous study (Table 2).

Hematopoietic stem cell transplantation for patients with

XLP-1

Twelve patients with XLP underwent HSCT in Japan

(Table 3), and one patient (P9.2) died of Pseudomonas sepsis

and multiple organ failure 14 days after HSCT. Two patients

(P1.2 and P7.2) were transplanted from matched sibling

donors, but the other patients were transplanted from

matched or one-locus-mismatched unrelated donors, or mis-

matched familial donors. Various types of conditioning regi-

men were performed. Five patients (P1.2, P7.2, P9.1, P10.1,

and P14.1) underwent HSCT following myeloablative condi-

tioning, but the other patients did so following reduced inten-

sity conditioning (RIC). Acute graft versus host disease

(GVHD) was observed in 6 of 11 patients (Grade I, two

patients; Grade II, three patients; Grade III, one patient).

Chronic GVHD was observed in five patients, among whom

4 (P1.2, P7.2, P10.1, and P18.1) had extensive types and one

(P14.1) had a limited type. Eleven patients (92%) have sur-

vived and had complete chimerism with a median follow-up

of 7 yr and 9 months. A flow cytometric assay could be con-

ducted to evaluate SAP expression in CD8+ T cells and NK

cells after HSCT in five patients (P7.2, P10.2, P16.1, P17.2,

and P18.1). All the patients demonstrated an increase in SAP

expression in CD8+ T cells and NK cells after undergoing

HSCT (Fig. 1).

Discussion

X-linked lymphoproliferative syndrome is a rare but life-

threatening disease. A large cohort showed that most patients

with XLP died by the age of 40 yr and more than 70% of

the patients died before the age of 10 yr (2). Early diagnosis

in non-familial cases may be difficult because XLP is hetero-

geneous in its clinical presentation. The ability to screen rap-

idly and make an accurate diagnosis of patients with XLP

facilitates the initiation of life-saving treatment and prepara-

tion for HSCT. In a previous study, we generated an

anti-SAP mAb, termed KST-3, which was applied to the flow

cytometric evaluation of SAP deficiency (XLP-1) (11). All the

patients evaluated in this study showed deficient SAP expres-

sion, although some patients with missense mutations might

demonstrate normal expression of SAP, as shown in Western

blotting (16).

Various types of SH2D1A mutation have been identified

in Japan (11–15). The SH2D1Abase (http://bioinf.uta.fi/

SH2D1Abase) discloses that 133 unrelated patients were

identified to have SH2D1A mutations. Missense and non-

sense mutations appear in one-quarter each, and other types

of mutation appear in half of the patients in this database. In

the present study, Arg55stop mutations were most frequently

found, in keeping with the SH2D1Abase. No genotype and

phenotype correlation was evident in this study, as well as in

previous studies (1, 17).

Large cohort studies have shown that the major clinical

phenotypes of XLP include FIM (60%), dysgammaglobulin-

emia (30%), and malignant lymphoma (30%) (1, 2). Aplastic

anemia, lymphoid granulomatosis, and systemic vasculitis are

minor clinical presentations at frequencies of approximately

3%. Although the present study included a limited number

of patients with XLP-1, the distribution of the clinical mani-

festations seems to be similar to that in previous large studies

CD8+

T cells

CD56+

NK cells 

2.2%

2.5%

78.0%

62.4%

7 months after BMT

45.2%

65.7%

Pre BMT Normal

Figure 1 The SAP expression in CD8+ T cells and NK cells from the patient (P16.1) and a normal adult donor. Dotted lines and shaded areas

indicate staining by the control antibody and anti-SAP mAb (KST-3), respectively. A flow cytometric analysis demonstrated that deficient SAP

expression in CD8+ T cells and NK cells from the patient increased after he had undergone hematopoietic stem cell transplantation.
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(Table 2) (2, 17). Lymphoid granulomatosis was not found in

Japanese patients, but two patients have presented with sys-

temic vasculitis (18). The vasculitis in these patients mainly

affected the brain and was associated with encephalopathy.

The mortality was different among clinical phenotypes, and

the mortality of each phenotype in our study decreased from

that in the XLP registry (2). However, in a recent worldwide

study, the mortality associated with HLH decreased to 65%,

lymphoproliferative disease to 8%, and dysgammaglobulin-

emia to 5% (16).

Hematopoietic stem cell transplantation is the only cura-

tive treatment for XLP-1. Twenty-one patients with XLP-1

did not undergo HSCT, and these patients died of the disease

and complications. The outcome of one patient (P12.2) was

unknown. Twelve patients underwent HSCT in Japan, and

11 patients survived. Most of the transplants were performed

in different institutions, but the outcomes are similar to pre-

viously published data (9, 10, 17). This study revealed that

unrelated donors could be used as donors as well as sibling

donors. Although various types of conditioning regimen were

performed, more than half included RIC regimen, and the

result of RIC regimen is similar to that of myeloablative regi-

men. The RIC regimen should be performed for patients with

XLP-1 to avoid regimen-related toxicity or morbidity (17). In

Table 1 Clinical and genetic data of patients with X-linked lymphoproliferative syndrome

Patient

ID

Age at

diagnosis

Family

history

Clinical

presentation

Epstein–Barr

virus status

IVIG Outcome Cause of

death

Age at death

or presence

SH2D1A

mutation

SAP

expression

1.1 12 yr + Hypo-c, LPD + + Dead GVHD 12 yr NE NE

1.2 7 yr + Hypo-c, LPD + + Alive* 21 yr Asp33Tyr NE

2.1 3 yr ) FIM + ) Dead FIM 3 yr Arg55stop NE

3.1 2 yr + FIM + ) Dead FIM 2 yr Arg55stop NE

3.2 2 yr + FIM + ) Dead FIM 2 yr Arg55stop NE

4.1 2 yr + FIM + ) Dead FIM 2 yr 416C>T, fs NE

4.2 4 yr + ML, vasculitis, HLH ) ) Dead HLH (MOF) 14 yr 416C>T, fs Deficient

5.1 1 yr + FIM + + Dead FIM 1 yr del of whole gene NE

6.1 1 yr ) FIM + ) Dead FIM 1 yr Gly27Ser NE

7.1 1 yr + Hypo-c, aplastic

anemia

+ + Dead Sepsis 1 yr NE NE

7.2 3 yr + Hypo-c, vasculitis ) + Alive* 30 yr His8Asp Deficient

8.1 1 yr ) FIM + + Dead FIM 1 yr 584delA, fs NE

9.1 6 yr + Hypo-c + + Alive* 18 yr Arg55stop Deficient

9.2 6 months + FIM + + Dead* Sepsis 6 yr Arg55stop Deficient

10.1 4 yr + ML + ) Alive* 15 yr Gly49Val Deficient

10.2 0 months + Healthy ) ) Alive* 4 yr Gly49Val Deficient

11.1 1 yr + FIM + + Dead FIM (MOF) 1 yr del of exons 3, 4 NE

11.2. 2 yr + FIM + + Dead FIM (MOF) 2 yr del of exons 3, 4 Deficient

11.3 0 month + Healthy ) + Alive* 9 yr del of exons 3, 4 Deficient

12.1 12 yr + Hypo-c, ML + ) Dead ML 12 yr Ser34Gly Deficient

12.2 10 yr + Hypo-c + ) Unknown Unknown Unknown Ser34Gly Deficient

13.1 23 yr ) FIM + ) Dead FIM 23 yr Tyr7Cys Deficient

14.1 8 yr ) Hypo-c, ML + ) Alive* 16 yr Arg55stop Deficient

15.1 2 yr ) FIM + ) Dead FIM 2 yr His8Asp NE

16.1 10 yr ) Hypo-c, HLH ) + Alive* 17 yr 545insA, fs Deficient

17.1 2 yr + FIM + ) Dead FIM 2 yr IVS2+1G>A Deficient

17.2 2 yr + ADEM ) ) Alive* 8 yr IVS2+1G>A Deficient

18.1 6 yr ) Hypo-c + + Alive* 12 yr 312insG, fs Deficient

19.1 10 months + Hypo-c + + Dead DIC 10 months NE NE

19.2 1 yr + FIM + ) Dead 1 yr NE NE

19.3 3 yr + Hypo-c, HLH, ML + + Alive* 18 yr del of exons 3, 4 Deficient

20.1 41 yr ) FIM + ) Dead FIM 42 yr Ala3Ser Deficient

21.1 3 yr ) Encephalitis, LPD + ) Dead Encephalitis 3 yr 1021delAA, fs Deficient

Hypo-c, hypogammaglobulinemia; LPD, lymphoproliferative disease; GVHD, graft versus host disease; FIM; fulminant infectious mono-

nucleosis; HLH, hemophagocytic lymphohistiocytosis; MOF, multiple organ failure; ML, malignant lymphoma; ADEM, acute disseminated

encephalomyelitis; DIC, disseminated intravascular coagulation; NE, not examined; fs, frameshift; del, deletion; ins, insertion.

P17.1 and 17.2 are monozygotic twins. Asterisk indicates the patients who underwent hematopoietic stem cell transplantation. P1.2, P2.1,

P3.1, P3.2, P4.1, P5.1, P6.1, P7.2, P8.1, and P10.1 were described by Sumazaki et al. (14) P5.1 was described by Honda et al. (13) P9.1,

P9.2, P11.1, P11.2, P11.3, P12.1, and P12.2 were described by Shinozaki et al. (11) P13.1 was described by Hoshino et al. (15) P16.1,

P17.1, P17.2, P18.1, P19.3, and P20.1 were described by Zhao et al. (12).
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this study, two patients (P10.2 and P11.3) were diagnosed

because of a family history and presented no clinical features

of XLP. Their parents wanted them to undergo HSCT

because of the poor prognosis of the disease. Although the

decision to transplant a relatively well child has been more

challenging, these patients underwent transplant and were

free from chronic GVHD.

In conclusion, this study verified the clinical usefulness of

a flow cytometric assessment of SAP to search for XLP-1

(SAP deficiency). Flow cytometric analysis of XIAP is also

useful to detect patients with XLP-2 (7, 19, 20). A male with

any of the clinical phenotypes of XLP with or without EBV

infection should be initially examined with a flow cytometric

assay to evaluate both SAP and XIAP (21). We also identi-

fied nine Japanese patients with XIAP deficiency with a com-

bination of flow cytometry and genetic analysis (22).

Needless to say, a mutation analysis is the gold standard for

confirming a definite diagnosis. The outcome of patients with

XLP-1 seemed to be poor in Japan, and HSCT is the only

curative treatment for patients with XLP-1.
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