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Brief report

Autoimmune lymphoproliferative syndrome—like disease with somatic

KRAS mutation
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Autoimmune lymphoproliferative syn-
drome (ALPS) is classically defined as a
disease with defective FAS-mediated ap-
optosis (type I-lll). Germline NRAS muta-
tion was recently identified in type IV
ALPS. We report 2 cases with ALPS-like

disease with somatic KRAS mutation.
Both cases were characterized by promi-
nent autoimmune cytopenia and lym-
phoadenopathy/splenomegaly. These
patients did not satisfy the diagnostic
criteria for ALPS or juvenile myelo-

monocytic leukemia and are probably
defined as a new disease entity of RAS-
associated ALPS-like disease (RALD).
(Blood. 2011;117(10):2887-2890)

Introduction

Autoimmune lymphoproliferative syndrome (ALPS) is a disease
characterized by dysfunction of the FAS-mediated apoptotic path-
way, ! currently categorized as: type la, germline TNFRSF6/
FAS mutation; type Ib, germline FAS ligand mutation; type Is,
somatic TNFRSF6/FAS mutation; and type I, germline Caspase
10 mutation. Patients exhibit lymphadenopathy, hepatospleno-
megaly, and autoimmune diseases, such as immune cytopenia
and hyper-y-globulinemia. An additional subclassification has
been proposed that includes types III and IV, whereby type II1
has been defined as that with no known mutation but with a
defect in FAS-mediated apoptosis and type IV as one showing
germline NRAS mutation.? Type IV is considered exceptional
because the FAS-dependent apoptosis pathway is not involved
in the pathogenesis, and this subclass is characterized by a
resistance to interleukin-2 (IL-2) depletion-dependent apopto-
sis. Recent updated criteria and classification of ALPS sug-
gested type IV ALPS as a RAS-associated leukoproliferative
disease.*

Juvenile myelomonocytic leukemia (JMML) is a chronic leuke-
mia in children. Patients show lymphadenopathy, hepatospleno-
megaly, leukocytosis associated with monocytosis, anemia, throm-
bocytopenia, and occasional autoimmune phenotypes.
Approximately 80% of patients with JMML have been shown to
have a genetic abnormality in their leukemia cells, including
mutations of NFI, RAS family,® CBL, or PTPNII. The hallmarks of
the laboratory findings of JMML include spontaneous colony
formation in bone marrow (BM) or peripheral blood mononuclear
cells (MNCs) and hypersensitivity to granulocyte-macrophage
colony-stimulating factor (GM-CSF) of CD34* BM-MNCs.®

Germline RAS pathway mutations cause Costello (HRAS),
Noonan (PTPNI11, KRAS, and SOSI), and cardio-facio-cutaneous
syndromes (KRAS, BRAF, MEKI, and MEK2). Patients with
Costello and Noonan syndromes have an increased propensity to
develop solid and hematopoietic tumors, respectively’, among
these tumors, the incidence of JMML in patients with germline
mutation of NFI or PTPN1] is well known.

We present 2 cases with autoimmune cytopenia and remarkable
lymphadenopathy and hepatosplenomegaly, both of which were
identified as having a somatic KRAS G13D mutation without any
clinical features of germline RAS mutation, such as cardio-
facio-cutaneous or Noonan syndrome.

Methods

All studies were approved by the ethical board of Tokyo Medical and
Dental University.

Case 1

A 9-month-old boy had enormous bilateral cervical lymphadenopathy and
hepatosplenomegaly (supplemental Figure 1A-B, available on the Blood
Web site; see the Supplemental Materials link at the top of the online
article). Blood test revealed the presence of hemolytic anemia and
autoimmune thrombocytopenia. Hyper-y-globulinemia with various autoan-
tibodies was also noted. ALPS and JMML were nominated as the diseases
to be differentially diagnosed. Detailed clinical history and laboratory data
are provided as Supplemental data. The patient did not satisfy the criteria
for the diagnosis of ALPS or JMML as discussed in “Results and
discussion.”
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Figure 1. Molecular cell biologic assay of RALD. (A) Flow cytometric analysis of double-negative T cells. CD8 and CD4 double staining was performed in T-cell
receptor-ap-expressing cells. (B) Electropherogram showing KRAS G13D miutation in BM-MNCs in case 1 (left panel) and case 2 (right panel). (C) Gene dosage of mutated
allele in granulocytes (Gr), T cells (T), and B cells (B). Relative gene dosage was estimated by a mutant allele-specific polymerase chain reaction method in cases 1 and 2 using
_ albumin gene as internal control. (D) Apoptosis assay using activated T cells. Apoptosis percentage was measured by flow cytometry with annexin V staining 24 and 48 hours
after IL-2 depletion. (E) Apoptosis percentage was measured 24 hours after addition of anti-FAS CH11 antibody (final 100 ng/mL). (F) Western biotting analysis of Bim

expression.

Case 2

A 5-month-old girl had a fever and massive hepatosplenomegaly (supple-
mental Figure 1D). She was initially diagnosed with Evans syndrome based
on the presence of hemolytic anemia and autoimmune thrombocytopenia
with hyper-y-globulinemia and autoantibodies. Spontaneous colony forma-
tion assay and GM-CSF hypersensitivity of BM-MNCs showed positivity.
Then, tentative diagnosis of JMML was given, even though she showed no
massive monocytosis or increased fetal hemoglobin. Detailed clinical
history and laboratory data are provided in supplemental data.
Detailed methods for experiments are described in supplemental data.

Results and discussion

Case 1 showed a high likelihood of being a case of ALPS according
to the symptoms and clinical data presented (supplemental Table 1),
except for number of double-negative T cells, which was only 1.4% of
T-cell receptor-a3 cells (Figure 1A). JMML was also nominated as a
disease to be differentiated because remarkable hepatospleno-
megaly with thrombocythemia and moderate monocytosis was
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noted. However, no hypersensitivity to GM-CSF as determined by
colony formation assay for BM-MNCs (data not shown) or
phosphor-STATS staining (data not shown) was observed. DNA
sequence for JMML-associated genes, such as NRAS, KRAS,
HRAS, PTPNII, and CBL, was determined, and KRAS GI13D
mutation was identified (Figure 1B). The mutation was seen
exclusively in the hematopoietic cell lineage, and no mutation was
seen in the oral mucosa or nail-derived DNA. Granulocytes,
monocytes, T cells, and B cells were all positive for KRAS G13D
mutation (data not shown). The proportion of mutated cells in each
hematopoietic lineage was quantitated by mutation allele-specific
quantitative polymerase chain reaction methods, which revealed
that mutated allele was almost equally present in granulocytes,
T cells, and B cells (Figure 1C). CD34" hematopoietic stem cells
(HSCs) were also positive for KRAS G13D mutation, and 60%
of colony-forming units-granulocyte macrophage (CFU-GM) devel-
oped from isolated CD34 cells carried the KRAS G13D mutation
(data not shown). These observations suggest that the mutation
occurred at the HSCs level, and HSC consists of wild-type and
mutant HSCs.

NRAS-mutated type I'V ALPS was previously characterized by
apoptosis resistance of T cells in 1L-2 depletion.? Then, activated
T cells were subjected to an apoptosis assay by FAS stimulation or
IL-2 depletion. Remarkable resistance to IL-2 depletion, but not to
FAS-dependent apoptosis (Figure 1D-E), was seen. This was in
contrast to T cells from FAS-mutated ALPS type la, which
showed remarkable resistance to FAS-dependent apoptosis and
normal apoptosis induction by IL-2 withdrawal (Figure 1D-E).
Western blotting analysis of activated T cells or Epstein-Barr
virus-transformed B cells showed reduced expression of Bim
(Figure 1F).

In case 2, autoimmune phenotype and hepatosplenomegaly
were remarkable, as shown in Supplemental data. The patient was
initially diagnosed as Evans syndrome based on the presence of
hemolytic anemia and autoimmune thrombocytopenia. Double-
negative T cells were 1.1% of T-cell receptor-af3 cells in the
peripheral blood, which did not meet with the criteria of ALPS.
Although spontaneous colony formation was shown in peripheral
blood- and BM-MNCs, and GM-CSF hypersensitivity was demon-
strated in BM-MNCs derived CD34* cell (supplemental Table 2),
she showed no massive monocytosis or increased fetal hemoglo-
bin. Thus, the diagnosis was less likely to be ALPS or IMML. DNA
sequencing of JIMML-related genes, such as NRAS, KRAS, HRAS,
PTPNII, and CBL, identified somatic, but not germline, KRAS
G13D mutation (Figure 1B). KRAS G13D mutation was detected
in granulocytes and T cells. Mutation was not identified in B cells
by conventional DNA sequencing (data not shown). Mutant
allele-specific quantitative polymerase chain reaction revealed that
mutated allele was almost equally present in granulocytes and
T cells, but barely in B cells (Figure 1C). Activated T cells showed
resistance to IL-2 depletion but not to FAS-dependent apoptosis
(Figure 1D-E).

Both of our cases were characterized by strong autoimmu-
nity, immune cytopenia, and lymphadenopathy or hepatospleno-
megaly with partial similarity with ALPS or JIMML. However,
they did not meet with the well-defined diagnostic criteria of
ALPS? or JMML.® It is interesting that case 2 presented
GM-CSF hypersensitivity, which is one of the hallmarks of
JMML. Given the strict clinical and laboratory criteria of JIMML
and ALPS, our 2 cases should be defined as a new disease entity,
such as RAS-associated ALPS-like disease (RALD). Recently
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defined NRAS-mutated ALPS type IV may also be included in a
similar disease entity.

There are several cases of JMML reported simultaneously
having clinical and laboratory findings compatible with autoim-
mune disease.®? Autoimmune syndromes are occasionally seen in
patients with myelodysplastic syndromes, including chronic myelo-
monocytic leukemia.!® These previous findings may suggest a close
relationship of autoimmune disease and JMML. Because KRAS
G13D has been identified in JIMML,!!13 it is tempting to speculate
that KRAS G13D mutation is involved in IMML as well as RALD.
In JIMML, erythroid cells reportedly carry mutant RAS, whereas B-
and T-cell involvement was variable.’® In both of our cases,
myeloid cells and T cells carried mutant RAS, whereas B cells were
affected variably. These findings would support a hypothesis that
the clinical and hematologic features are related to the differentia-
tion stages of HSCs where RAS mutation is acquired. IMML-like
myelomonocytic proliferation may predict an involvement of RAS
mutation in myeloid stem/precursor cell level, whereas ALPS-like
phenotype may predict that of stem/precursor cells of lymphoid
lineage, especially of T cells. Under the light of subtle differences
between the 2 cases presented, their hematologic and clinical
features may reflect the characteristics of the stem cell level where
KRAS mutation is acquired. Involvement of the precursors with
higher propensity toward lymphoid lineage may lead to autoim-
mune phenotypes, whereas involvement of those with propensity
toward the myeloid lineage may lead to GM-CSF hypersensitivity
while still sharing some overlapping autoimmune characteristics.

One may argue from the other viewpoints with regard to the
clinicopathologic features of these disorders. First, transformation
in fetal HSCs might be obligatory for the development of IMML!*
and, in HSCs later in life, may not have the same consequences.
Second, certain KRAS mutations may be more potent than others.
Codon 13 mutations are generally less deleterious biochemically
than codon 12 substitutions, and patients with JMML with codon
13 mutations have been reported to show spontaneous hematologic
improvement.'>!S Thus, further studies are needed to reveal
in-depth clinicopathologic characteristics in this type of lympho-
myeloproliferative disorder.

KRAS mutation may initiate the oncogenic pathway as one of
the first genetic hits but is insufficient to cause frank malignancy by
itself. 1617 Considering recent findings that additional mutations of
the genes involved in DNA repair, cell cycle arrest, and apoptosis
are required for full malignant transformation, one can argue that
RALD patients will also develop malignancies during the course of
the disease. Occasional association of myeloid blast crisis in
JMML and that of lymphoid malignancies in ALPS will support
this notion. Thus, the 2 patients are now being followed up
carefully. It was recently revealed that half of the patients
diagnosed with Evans syndrome, an autoimmune disease present-
ing with hemolytic anemia and thrombocytopenia, met the criteria
for ALPS diagnosis.'™!® In this study, FAS-mediated apoptosis
analysis was used for the screening. Considering the cases we
presented, it will be intriguing to reevaluate Evans syndrome by
IL-2 depletion-dependent apoptosis assay focusing on the overlap-
ping autoimmunity with RALD.
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Abstract To determine the prevalence and clinical character-
istics of patients with in Japan, we conducted a nationwide
survey of primary immunodeficiency disease (PID) patients
for the first time in 30 years. Questionnaires were sent to 1,224
pediatric departments and 1,670 internal medicine depart-
ments of Japanese hospitals. A total of 1,240 patients were
registered. The estimated number of patients with PID was
2,900 with a prevalence of 2.3 per 100,000 people and
homogenous regional distribution in Japan. The male-to-
female ratio was 2.3:1 with a median age of 12.8 years.
Adolescents or adults constituted 42.8% of the patients. A
number of 25 (2.7%) and 78 (8.5%) patients developed
malignant disorders and immune-related diseases, respective-
ly, as complications of primary immunodeficiency disease.
Close monitoring and appropriate management for these
complications in addition to prevention of infectious diseases
is important for improving the quality of life of PID patients.
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TRAPS Tumor necrosis factor receptor-associated
periodic syndrome

WAS Wiskott—Aldrich syndrome

WHIM Warts hypogammaglobulinemia, infections,
and myelokathexis

Introduction

Patients with primary immunodeficiency disease (PID)
show susceptibility to infections due to congenital immune
system defects. These patients are also associated with
noninfectious complications including autoimmune dis-
eases and malignant disorders. Recent studies have revealed
the causes of many PIDs to be mutations in various genes
encoding molecules involved in the host defense mecha-
nisms [1]. In addition, various new PIDs including defects
in innate immunity and autoinflammatory disorders were
identified under the recent progress in immunology and
molecular genetics [2]. PID classification has been revised
according to the identification of new PIDs and on the basis
of new findings in PID pathophysiology. For a more precise
clinical analysis, data should be obtained in accordance
with the latest PID classifications.

The first nationwide survey of patients with PID in Japan
was conducted between 1974 and 1979, which included
497 registered cases [3]. By 2007, a total of 1,297 patients
were cataloged by a small number of PID specialists into a
registration system [4]. The approximate prevalence of PID
patients in Japan in the first nationwide survey was 1.0 in
100,000 people, which was much lower than that in other
countries [5-7]. This difference in PID prevalence between
Japan and other countries suggested that some PID patients
in Japan remained unregistered. To determine the preva-
lence and clinical characteristics of patients with PID in
Japan on the basis of the recent international classification
system for PID, we conducted a nationwide survey of PID
for the first time in 30 years.

Methods

This study was performed according to the nationwide
epidemiological survey manual of patients with intractable
diseases (2nd edition 2006, Ministry of Health, Labour, and
Welfare of Japan) as described previously [8]. PID
classification was based on the International Union of
Immunological Societies Primary Immunodeficiency Dis-
eases Classification Committee in 2007 [2]. Patients with
chronic benign neutropenia and syndrome of periodic fever,
aphthous stomatitis, pharyngitis, and cervical adenitis were
excluded because these were considered to be acquired
diseases. The survey was conducted on PID patients who

were alive on December 1, 2008 and those who were newly
diagnosed and dead between December 1, 2007 and
November 30, 2008 in Japan. Among the 2,291 pediatric
departments and 8,026 internal medicine departments in Japan,
hospitals participating in the survey were randomly selected
after setting the selection ratio according to the number of beds
(overall selection rate: 53.4% for pediatric departments, 20.8%
for internal medicine departments; Table I). University
hospitals and pediatric training hospitals, where many PID
patients were considered to be treated, were stratified
separately (Table I). Primary questionnaires regarding the
number of patients and disease names based on PID
classification were sent to the selected hospitals. Secondary
questionnaires regarding age, gender, clinical manifes-
tations, and complications of individual PID patients
were sent to respondents who answered that they
observed at least one PID patient with characteristics listed
in the primary questionnaires.

Results

Questionnaires were distributed to 1,224 pediatric depart-
ments and 1,670 internal medicine departments of hospitals
in Japan, and the response rate was 55.0% and 20.1%,
respectively (Table I). A total of 1,240 patients (1,146
patients from pediatric departments and 94 patients from
internal medicine departments) were registered (Table I).
The estimated number of patients with PIDs in Japan
was 2,900 (95% confidence interval: 2,300-3,500), and
the prevalence was 2.3 per 100,000 inhabitants. We also
determined the regional distribution on the basis of the
patients’ addresses. The estimated regional prevalence
ranged from 1.7 to 4.0 per 100,000 inhabitants, and no
significant differences were observed between different
regions in Japan (Fig. 1). The most common form of PID
was predominantly antibody deficiencies (40%), followed
by congenital defects of phagocyte number, function, or
both (19%) and other well-defined immunodeficiency
syndromes (16%; Table II). Autoinflammatory disorders
were observed in 108 cases (9%). The most common PID
was Bruton’s tyrosine kinase (BTK) deficiency (182 cases,
14.7%), followed by chronic granulomatous disease
(CGD; 147 cases, 11.9%). However, common variable
immunodeficiency disease (CVID) and selective IgA
deficiency (SIgAD) were observed only in 136 (11.0%)
and 49 cases (4.0%), respectively. Among patients
registered from internal medicine departments, antibody
deficiencies were the most common disorder (71%).

In the secondary survey, 923 cases were registered. The
male-to-female ratio was 2.3:1 (n=914, unanswered: 9 cases)
with a median age of 12.8 years (range: 0 to 75 years; n=
897, unanswered: 26 cases). The number of adolescent or
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Table I Stratification and selection of hospitals and the survey results

Stratification Departments ~ Departments  Selection ~ Return®  Response  Response  PID Patient  Patients per  Patients
in Japan selected rate (%) rate (%) department estimated
Pediatrics University hospital 118 118 100 0 80 67.8 661 83 975
Training hospital 402 402 100 4 242 60.8 376 1.6 618
>500 beds 92 92 100 5 48 552 24 0.5 44
400-499 beds 118 118 100 3 63 54.8 42 0.7 77
300-399 beds 287 230 80.1 4 122 54.0 31 0.3 72
200-299 beds 289 116 40.1 4 53 47.3 6 0.1 32
100-199 beds 486 98 20.2 0 44 44.9 4 0.1 44
<99 beds 499 50 10.0 1 10 20.4 2 0.2 100
Subtotal 2,291 1,224 534 21 662 55.0 1,146 1.7 1,961
Internal University hospital 156 156 100 1 47 30.3 37 0.8 122
medicine  >500 peds 374 374 100 1 86 23.1 35 0.4 152
400-499 beds 328 263 80 1 54 20.6 6 0.1 36
300-399 beds 692 278 40.2 6 49 18.0 10 0.2 140
200-299 beds 1,008 202 20.0 0 36 17.8 2 0.1 56
100-199 beds 2,460 246 10.0 1 36 14.7 1 0.0 68
<99 beds 3,008 151 5.0 6 24 16.6 3 0.1 375
Subtotal 8,026 1,670 20.8 16 332 20.1 94 0.3 950
Total 10,317 2,894 28.1 37 994 34.8 1,240 2,911

“Due to the closure of departments

adult cases (>15 years) was 384 (42.8%; Fig. 2a). The male-
to-female ratio of the younger generation (<15 years) was
2.7:1, while that of the older generation (>15 years) was

Region Repon'ed PID Populagion Estimatid prevalence
Patients (x10") per 107 (95% C.1)

Hokkaido 73 55.4 4.0 (0.2-7.8)
Tohoku 81 94.3 2.1(0.9-3.3)
Kanto 387 419.8 1.8 (1.2-2.5)
Chubu 236 236.9 2.3 (1.4-3.1)
Kinki 158 208.4 2.0(1.2-2.8)
Chugoku/Shikoku 105 116.1 1.7 (1.0-2.3)
Kyushu/Okinawa 200 146.0 2.5(1.7-3.3)
Total 1240 1276.9 2.3(1.8-2.7)

Fig. 1 Regional distribution of PID patients. CI Confidence interval
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2.0:1. Combined T and B cell immunodeficiencies (CIDs)
were predominantly observed in the younger generation,
while antibody deficiencies were more common with
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Table IT Reported number of PID

Category

Total number

Pediatric department

Internal medicine department

I. Combined T and B cell immunodeficiencies

ye deficiency

Adenosine deaminase deficiency

Omenn syndrome

Others

Untested or undetermined

II. Predominantly antibody deficiencies

BTK deficiency

Common variable immunodeficiency disorders
Selective IgG subclass deficiency

Selective [gA deficiency

Hyper IgM syndrome

Transient hypogammaglobulinemia of infancy
Others

Untested or undetermined

III. Other well-defined immunodeficiency syndromes
Wiskott—Aldrich syndrome

DNA repair defects (other than those in category I)
DiGeorge anomaly

Hyper-IgE syndrome

Chronic mucocutaneous candidiasis

Others

Untested or undetermined

IV. Diseases of immune dysregulation
Chediak-Higashi syndrome

Familial hemophagocytic lymphohistiocytosis syndrome
X-linked lymphoproliferative syndrome
Autoimmune lymphoproliferative syndrome
APECED

IPEX syndrome

Others

Untested or undetermined

V. Congenital defects of phagocyte number, function, or both
Severe congenital neutropenia

Cyclic neutropenia

Chronic granulomatous disease

Mendelian susceptibility to mycobacterial disease
Others

Untested or undetermined

VI. Defects in innate immunity

Anhidrotic ectodermal dysplasia with immunodeficiency
Interteukin-1 receptor-associated kinase 4 deficiency
Others

Untested or undetermined

VII. Autoinflammatory disorders

Familial Mediterranean fever

TNF receptor-associated periodic syndrome

Hyper IgD syndrome

Cryopyrin-associated periodic syndrome

93 (7%)
47
9

23

10

501 (40%)
182

136

66

49

34

7

1

16

194 (16%)
60

15

38

56

17

5

3

49 (4%)

| NSRS I S S S -}

30 (19%)
44

19

147

5

9

6

15 (1%)
7

2

5

1

108 (9%)
44

13

4

22
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Table I (continued)

Category Total number Pediatric department Internal medicine department”
Others 3 3 0

Untested or undetermined 22 20 2

VIIL. Complement deficiencies 32 (3%) 29 3%) 3 (3%)

IX. Undetermined 18 (1%) 14 (1%) 4 (4%)

Total 1,240 1,146 94

APECED Autoimmune polyendocrinopathy with candidiasis and ectodermal dyétrophy, IPEX immune dysregulation, polyendocrinopathy,

enteropathy, X-linked

increasing age (Fig. 2b). The median age of CID, BTK
deficiency, CVID, and CGD patients was 5.2, 12.8, 25.1, and
14.7 years, respectively.

It is well known that PID patients are susceptible to
many pathogens and experience community-acquired or
opportunistic infections. In this study, we focused on
noninfectious complications of PID because they have been
less well studied on a large scale and may provide

Fig. 2 a Age distribution of a

important information for improving the quality of life of
PID patients. Twenty-five PID patients developed malig-
nant disorders (2.7%; Table III). Lymphoma, in particular,
Epstein—Barr virus-related, and leukemia were dominant,
while there were no patients with gastric carcinoma. CVID,
Wiskott—Aldrich syndrome (WAS), and ataxia telangiectasia
were more frequently associated with malignant diseases
among PID patients. A case of Mendelian “susceptibility -

PID patients. b Distribution of >30 years 0-4 years
PID in each age group 12.6% 18.8%
20-29 years
16.8%
5-9 years
20.0%
15-19 years
13.4% ,,
10-14 years
18.4%
Total Combined T and B cell
immunodeficiencies
Antibody deficiencies
230 years
i Other well-dedined immunodeficiency
syndromes
20-29 years
Diseases of immune dysregulation
15-19 years ¢ Congenital defects of phagocyte
number, function, or both
Defects in innate immunity
10-14 years
Autoinflammatory disorders
5-9 years
Complement deficiencies
0-4 years » Others or not definitive
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to mycobacterial disease with squamous cell carcinoma
was also observed [9] (Table III).

Seventy-eight PID patients had immune-related (au-
toimmune) diseases (8.5%; Table [Va). Autoimmune
lymphoproliferative syndrome, immune dysregulation,
polyendocrinopathy, enteropathy X-linked (IPEX) syndrome,
and nuclear factor kappa B essential modulator (NEMO)
deficiency were associated with immune-related diseases at a
very high incidence. In addition, immune-related diseases
were relatively common in CGD and CVID patients
(Table [Va). The most commonly observed immune-related
disease was inflammatory bowel disease (33 cases), which
was most frequently observed in CGD patients, followed by
immune thrombocytopenic purpura (13 cases), autoimmune
hemolytic anemia (8 cases), and systemic lupus erythemato-
sus (SLE; & cases; Table IVa and b). Kawasaki disease
occurred in WAS and CGD patients. In addition, this is the
first report of Kawasaki disease in patients with complement
deficiency (C9) and familial Mediterranean fever (FMF). A
patient with warts, hypogammaglobulinemia, infections, and
myelokathexis (WHIM) syndrome and a patient with tumor
necrosis factor receptor-associated periodic syndrome
(TRAPS) were first reported as cases of type 1 diabetes
mellitus and SLE, respectively [10, 11].

Table INI Malignancies in PID patients

Discussion

We conducted a nationwide survey of PID for the first time
in 30 years and report the prevalence of PID in Japan. We
registered 1,240 PID patients and found that the estimated
prevalence of PID (2.3/100,000) is higher than that
previously reported (1.0/100,000) in Japan. Our results are
equivalent to those reported in Singapore (2.7/100,000) and
Taiwan (0.77-2.17/100,000) [12-14]. However, our values
are lower than those reported in Middle Eastern countries
such as Kuwait (11.98/100,000) or in European countries
such as France (4.4/100,000) [5-7, 15]. The high rate of
consanguinity may be a cause of the high prevalence rate of
PID reported in Middle Eastern countries [6, 15]. There
may has been sample selection bias in this study because
some asymptomatic cases (SIgAD, etc.), clinically recov-
ered cases (transient hypogammaglobulinemia of infancy,
etc.), and cases in which patients were deceased were not
registered. In addition, lack of recognition of PID in
internal medicine departments, not just the low response
rate, might also have influenced the estimated prevalence of
PID as well as the age and disease distribution. The
regional prevalence of PIDs in Japan was homogenous,
unlike in other countries in which a higher prevalence was

Primary immunodeficiency Total n Malignancy

I. Combined T and B cell immunodeficiencies 75 2 (2.7%)

Ommen syndrome 3 1 NHL (EBV+) 1?

Adenosine deaminase deficiency 4 1 Breast carcinoma 1

. Predominantly antibody deficiencies 378 8 2.1%)

Common variable immunodeficiency disorders 93 7 HL 2, ML 2, ALL 1, Basal cell carcinoma 1, Cervical carcinoma 1
Good syndrome 4 1 Double primary carcinoma of breast and colon 1
III. Other well-defined immunodeficiency syndromes 165 7 (4.2%)

Wiskott-Aldrich syndrome 57 5 NHL 3, NHL/HL 1, LPD (EBV-) 1

Ataxia telangiectasia 13 2 T-ALL 1, MDS 1

IV. Diseases of immune dysregulation 38 4 (10.5%)

X-linked lymphoproliferative syndrome 5 2 Burkitt lymphoma 2

Autoimmune lymphoproliferative syndrome 6 2 HL (EBV+) 1, Brain tumor 1

V. Congenital defects of phagocyte number, function, or both 153 4 (2.6%)

Severe congenital neutropenia 35 3 MDS 3 (including 2 cases with monosomy 7)
MSMD 7 1 Squamous cell carcinoma of finger 1

VI. Defects in innate immunity 12 0 0%)

VII. Autoinflammatory disorders 74 0 (0%)

VIII. Complement deficiencies 23 0 (0%)

IX. Undetermined 5 0 (0%)

Total 923 25 (2.7%)

n Number of PID patients who had malignant disorders, ALL acute lymphoblastic leukemia, EBV Epstein-Barr virus, HL Hodgkin lymphoma,
LPD lymphoproliferative disease, MDS myelodysplastic syndrome, ML malignant lymphoma, MSMD Mendelian susceptibility to mycobacterial

disease, NHL non-Hodgkin lymphoma
* The number of patients
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Table IV Immune-related diseases in PID patients

(a) Immune-related diseases with each PID

Primary immunodeficiency Total n Immune-related disease

1. Combined T and B cell immunodeficiencies 75 2 (2.6%)

MHC class II deficiency (suspected) 1 1 ITP with AIHA 17

CD4 deficiency 1 1 Hashimoto disease 1

[I. Predominantly antibody deficiencies 378 24 (6.3%)

Common variable immunodeficiency disorders 93 16 ITP 3, RA 2, AIHA 2, Hashimoto’s disease 2, IBD 2, SLE 1, MG 1,

ADEM 1, Autoimmune hepatitis 1, Uveitis 1

Hyper-IgM syndrome 32 3 JIA 1, SLE (complicated with Clq deficiency) 1, IBD 1
Selective IgA deficiency 28 3 SLE 1, SLE with Kikuchi disease 1, RA 1

1gG subclass deficiency 50 2 ITP with AIHA 1, ITP with MS 1

111. Other well-defined immunodeficiency syndromes 165 5 (3.0%)

Wiskott—Aldrich syndrome 57 3 AIHA 2, Kawasaki disease |

DiGeorge syndrome 33 2 AIHA 1, ITP 1

IV. Diseases of immune dysregulation 38 10 (26.3%)

X-linked lymphoproliferative syndrome 5 1 IBD 1

Autoimmune lymphoproliferative syndrome 6 4 ITP 3, Graves’ disease with IBD 1

APECED 5 1 TIDM with Hashimoto’s disease and Vogt-Koyanagi-Harada disease 1
IPEX syndrome 6 4 TIDM 1, TIDM with ITP, AIN and IBD 1, Autoimmune enteritis 1,

AIHA with Autoimmune enteritis and Hashimoto's disease 1

V. Congenital defects of phagocyte number, function, or both 153 25 (16.3%)

Chronic granulomatous disease 87 25 IBD 20, ITP 2, JIA 1, MCTD 1, Kawasaki disease 1
VI. Defects in innate immunity 12 5 (41.7%)

NEMO deficiency 4 IBD 3, IBD with JIA 1

WHIM syndrome 3 1 TIDM 1

VIl Autoinflammatory disorders 74 3 (4.0%)

Familial Mediterrancan fever 36 2 SLE 1, Kawasaki disease 1

TNF receptor associated periodic syndrome 9 1 SLE 1

VIIL Complement deficiencies 23 3 (13.0%)

C4 deficiency 1 1 SLE with RA |

C6 deficiency 1 1 IBD 1

C9 deficiency 11 1 Kawasaki disease |

IX. Undetermined 5 1 (20%)

Nakajo syndrome 1 SLE 1
Total 923 78 (8.5 %)

(b) Immune-related manifestations associated with PID

Immune-related diseases n

IBD (including autoimmune enteritis) 33

ITP 13

AIHA 8

SLE 8

RA/IIA 6

Hashimoto’s disease/Graves’ disease 5

Kawasaki disease 4
TiDM 4

Uveitis (including Vogt-Koyanagi—Harada disease) 2
ADEM/MS 2

Others 5

n Number of PID patients who had immune-related disorders, ADEM acute disseminated encephalomyelitis, 4HA autoimmune hemolytic
anemia, AIN autoimmune neutropenia, APECED autoimmune polyendocrinopathy candidiasis ectodermal dystrophy, /BD inflammatory bowel
disease, /PEX immunodysregulation, polyendocrinopathy, enteropathy X-linked, /7P immune thrombocytopenic purpura, JI4 juvenile idiopathic
arthritis, MCTD mixed connective tissue disease, MG myasthenia gravis, MS multiple sclerosis, R4 rheumatoid arthritis, SLE systemic lupus
erythematosus, 7/DM type 1 diabetes mellitus, WHIM warts, hypogammaglobulinemia, infections, and myelokathexis

* The number of patients
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