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KEYWORDS Abstract  Mutations in the recombination activating genes (RAG 7 or RAG2) can lead to a variety of
RAG deficiency; immunodeficiencies. Herein, we report 5 cases of RAG deficiency from 5 families: 3 of Omenn
SCID; syndrome, 1 of severe combined immunodeficiency, and 1 of combined immunodeficiency with
Omenn syndrome; oligoclonal TCRy8" T cells, autoimmunity and cytomegalovirus infection. The genetic defects were
TCRy&" T cells; heterogeneous and included 6 novel RAG mutations. All missense mutations except for Met443ile in
V(D)J recombination RAG2 were located in active core regions of RAGT or RAG2. V(D)J recombination activity of each

mutant was variable, ranging from half of the wild type activity to none, however, a significant
decrease in average recombination activity was demonstrated in each patient. The reduced
recombination activity of Met443lle in RAG2 may suggest a crucial role of the non-core region of
RAG2 in V(D)J recombination. These findings suggest that functional evaluation together with
molecular analysis contributes to our broader understanding of RAG deficiency.

© 2010 Elsevier Inc. All rights reserved.
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absence of mature T and B cells, but the presence of natural
killer (NK) cells (T"B™ SCID) [2], whereas partial loss results in
variant syndromes, such as Omenn syndrome (OS) [3] or
combined immunodeficiency (CID) presenting with oligoclo-
nal TCRy&" T cells, autoimmunity and cytomegalovirus (CMV)
infection (CID with v56/CMV) [4,5]. OS is characterized by
early-onset generalized erythroderma, lymphadenopathy,
hepatosplenomegaly, protracted diarrhea, failure to thrive,
eosinophilia, hypogammaglobulinemia, elevated serum IgE
levels, the absence of B cells, and the presence of activated
and oligoclonal T cells [6]. In contrast to T"B~ SCID and OS,
patients affected with CID with y5/CMV exhibit autoimmune
cytopenias, B cells, normal immunogulobulin levels, oligo-
clonal TCRy8* T cells, and disseminated CMV infections [4,5].
Very recently, another distinct clinical syndrome caused by
hypomorphic RAG mutations has been described. Schuetz et
al. [7] reported 3 patients with late age of onset of illness
characterized by hypogammaglobulinemia, diminished
numbers of T and B cells, and the formation of granulomas
in the skin, mucous membranes and internal organs. De Ravin
et al. [8] described an adolescent patient presenting with
destructive midline granulomatous disease who also exhib-
ited autoimmunity, relatively normal numbers of T and B
cells, and a diverse T-cell receptor (TCR) repertoire.

Herein, we report the identification of 8 RAG mutations
including 6 novel mutations in a group of patients presenting
with a variety of clinical phenotypes, and discuss the
functional significance of these mutations by using the V(D)
J recombination assay.

2. Materials and methods

2.1. Patients

We studied five patients with RAG deficiency from five
families. Table 1 presents the immunological features of the
patients. All patients except for patient 5 were born to non-
consanguineous Japanese parents. The clinical and immuno-
logical data of patient 1 and patient 3 have been reported
elsewhere [9]. Patient 2 was a 1-month-old boy who presented
with generalized erythroderma, hepatosplenomegaly and
Pseudomonas aeruginosa sepsis. Laboratory studies revealed
hypereosinophilia, hypogammaglobulinemia, lack of B cells,
and oligoclonal expansion of activated TCRafz* T-cells. These
findings were consistent with typical features of OS. Patient 4
" was a 2-year-old girl who presented with prolonged diarrhea,
bronchopneumonia, liver dysfunction and CMV infections. CMV
was detected in her stool and sputum. Laboratory analysis
revealed lymphopenia with normal immunoglobutin tevels, an
increased percentage of TCRyd"* T cells (61.7% of CD3*), and
multiple autoantibodies including anti-nuclear, anti-DNA, and
antiparietal cell antibodies and Coombs test. In addition, 1gG
antibody against CMY was detected (20.7; normal, <2.0). Her
elder sister suffered from autoimmune hemolytic anemia and
immune mediated thrombocytopenia, and died of fatal
interstitial pneumonia of adenovirus at age of 1 year. Patient
5 was the fourth child born to non-consanguineous parents of
Indian origin. All of her 3 siblings were affected with
immunodeficiency and died within the first year of life.
Patient 5 showed lymphopenia, very low numbers of autolo-
gous T and B cells, preserved numbers of NK cells, and the

Table 1~ Immunological features of the patients at
diagnosis. e
Patient 12 2 32 4 5
Diagnosis 0s oS Atypical CID Atypical
0sS with SCID with
8/ MFT
, CMV
Age at onset O 0 7 8 0
(month)
WBC 26,900 19,000 2800 3900 3280
Lymphocytes 8339 5700 1300 546 459
(/mm?)

CD3" (%) 84.8 41.3 200 53.9 7.8
CD4* (%) 56.7 16.6 17.3 9.9 7.4
CD8" (%) 27.0 378 1.3 35.4 0.1

CD19* or 0.0 0.2 0.1 11.6 0.1
20" (%)

1gG (mg/dl) 461 220 328 678 1475

IgA (mg/dl) <4 <1 62 63 114

IgM (mg/dl) <4 <2 31 65 147

IgE (IU/ml) 7 <2 16 NA NA

0S, Omenn syndrome; CID, combined immunodeficiency; 9,
TCRv&" T cells; CMV, cytomegalovirus; SCID, severe combined
immunodeficiency; MFT, maternal T-cell engraftment; WBC, white
bload cells; NA, not available.

2 Data of patient 1 and patient 3 have been reported previously

[91.

presence of maternal CD4* T cell engraftment. At the age of
2 months, she remained asymptomatic except for oral thrush
and microcephaly.

Approval for this study was obtained from the Human
Research Committee of Kanazawa University Graduate
School of Medical Science, and informed consent was
provided according to the Declaration of Helsinki.

2.2. Mutation analysis of RAG1 and RAG2

DNA was extracted from blood samples using standard
methods. The RAG1 and RAGZ genes were amplified in several
segments from genomic DNA using specific primers, as
previously described [10,11]. Sequencing was performed on
purified polymerase chain reaction (PCR) products using the
ABI Prism BigDye Terminator Cycle sequencing kit on an ABI
3100 automated sequencer {(Applied Biosystems, Foster, CA).

2.3. V(D)J recombination assay

In vivo V(D)J recombination assay was performed by using the
recombination substrate pJH200 as described previously with
modifications [3,12]. The complete open reading frames of
human RAG7 and RAGZ, and the active core regions of mouse
RAG1 (aa 330-1042) and RAG2 (aa 1-388) were subcloned
into the mammalian expression vector pEF-BOS [13]. PCR
products carrying the patients’ mutations were also sub-
cloned into the vector. Cotransfections of full-length human
RAGT1, the mouse RAG2 active core, and pJH200, or of full-
length human RAG2, the mouse RAGT active core, and
pJH200 into 293T cells were performed using 1 ug of each
plasmid with Lipofectamine 2000 (Invitrogen, Carlsbad, CA).
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Cells were harvested after 48-hours of culture, and the
recombined products of signal joints were analyzed for
recombination frequency by PCR using primers RA-CR2 and
RA-14 [14]. After 30 cycles, the amplified products were
visualized by ethidium bromide staining, and the intensity of
each band was quantified using Image J software (NIH,
Bethesda, MD).

2.4. Analysis of IgE production and somatic
hypermutation (SHM) in variable regions of IgM

Peripheral blood mononuclear cells were isolated and incubated
with 500 ng/ml of anti-CD40 (Diaclone, Besancon, France) and
100 U/ml of recombinant interleukin-4 (IL-4; R&D Systems,
Minneapolis, MN) for 12 days. IgE production in culture super-
natants was determined by enzyme-linked immunosorbent
assay as previously described [15,16]. The frequency and
characteristics of SHM in the Vi;3-23 region of IgM were studied
in purified CD19* CD27* B cells as previously described [15,16].

3. Results
3.1. RAG mutations

As shown in Table 2, we found 2 missense and 1 nonsense
mutations in RAG2 and 4 missense and 1 nonsense mutations
in RAG1. Two distinct novel RAGZ mutations, R73H and
Q278X, were demonstrated in patient 1. Patient 2 was found
to be homozygous for a novel M443] mutation in RAG2.
Patient 3 was a compound heterozygote bearing R142X and
R396H mutations in RAGT. The latter mutation has been
repeatedly reported in OS patients [17]. Patient 4 was a
compound heterozygote bearing R474C and L732P mutations
in RAGT. These missense mutations are novel, although
similar missense mutations, R474S, R474H and L732F, have
been reported in patients with RAG deficiency [17-19].
Patient 5 carried a homozygotic novel E770K mutation in
RAG1. All missense mutations but one (M443] in RAG2) were
located in the active core regions of RAGT or RAG2, and all

Table 2 RAG mutations and recombination activity.

Patient Gene Nucleotide Effect Relative

mutation recombination
activity (%) 2

1 RAG2 1419 G>A R73H 59.3:4.7
2033C>T Q278X 0.4+0.3

2 RAG2  2530G>TP  M443] 8.7:1.2

3 RAG1 536 C>T R142X 51.2+9.2
1299 G>A R396H 1.0£0.5

4 RAG1 1532 C>T R474C  47.2+7.9
2307 T>C L732P 0.5+£0.4

5 RAG1 2420 G>A® E770K 15.6+9.1

Control  RAG2  wild type - 100

RAGT  wild type - 100

? Data are expressed as the percentage of activity as com-
pared with that of the wild type protein, and represent the
meanzstandard deviation of three independent experiments.

® Homozygous mutation.

patients had at least one missense mutation. None of these
mutations were found in 100 alleles of healthy controls.

3.2. Recombination activity of RAG mutants

To elucidate the pathogenic significance of these novel
mutations, we performed V(D)J recombination assay using
the artificial extrachromosomal rearrangement substrate
(Table 2). As expected, the recombined products were
amplified from 293T cells transfected ‘with both wild type
RAG1 and RAG2, and no products were obtained from 293T
cells transfected with either RAG1 or RAG2 (Fig. 1). Although
the relative recombination activity of each mutant was
variable, ranging from about half of the wild type activity to
none, a significant decrease in average recombination activity
was demonstrated in each patient (Fig. 1 and Table 2). The
effects of the patients’ missense mutations were also
evaluated by the web-based analysis tools including Muta-
tion@A Glance (http://rapid.rcai.riken.jp/mutation/) [20]
and MutationTaster (http://www.mutationtaster.org/) [21].
Mutation@A Glance predicted all the mutation except for the
E770K in RAG1 to be deleterious on the basis of the SIFT
program [22], whereas MutationTaster predicted all the
missense mutations to be disease-causing.

3.3. B cell analysis of patient 4

The percentages of IgD™ CD27* and IgD* CD27* cells within
CD19" B cells from patient 4 were found comparable to
controls (Fig. 2A) [23]. After stimulation with anti-CD40 and
IL-4, B cells from patient 4 produced levels of IgE equivalent
to normal, indicating their capability of undergoing class

A RAG1 - WT  R142X R396H R474C L732P E770K
RAGZ + + + + + + +
i ¢ SJ
B RAGY + + + + +
RAGZ - WT  R73H Q278X M443|
‘ o
Figure 1 V(D)J recombination assay. V(D)J recombination

activity was assessed by using the recombination substrate
pJH200 in 293T cells that were cotransfected with mutant RAG1
and wild type RAG2 (A), or with wild type RAG1 and mutant RAG2
(B). Recombined products (signal joints, SJ) were analyzed by
PCR (top). The presence of RAG1 and RAG2 was verified by
vector specific PCR (middle and bottom).
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C
% Patient 4 Controls

SHM ) 2.6-6.3

GC target 56.0 62-66

GC transition 71.4 57-63

AT transition 50.0 33-67

To

% | Al C[G ]| T |Total

A 5 {13]101]28

c|e2 6 | 11|19 ]| Patient 4

G |29 6 2 |37
elTi2]9]s 16
G.q % | A|]C| G| T [Total

A 6.2 [12.9] 4.1 {23.2

C |26 6.0 [11.4/20.0] Control

G |26.1]13.2 4.3 [43.6

T {48(55]30 13.2

B cell analysis of patient 4. (A) B cell subpopulations. Peripheral bloods were stained with FITC-labeled anti-igD, PE-

labeled anti-CD27, and APC-labeled anti-CD19 monoclonal antibodies. The dot plot of immunofluorescence profiles of IgD and CD27
expression within CD19" B cells is shown. The number indicates the percentage of cells in each quadrant. (B) IgE production. After
stimulation of peripheral blood mononuclear cells with anti-CD40 and IL-4 for 12 days, concentrations of IgE in the culture medium
were quantified. (C) The frequency and pattern of somatic hypermutation in the V,3-23 region of the Igh in memory B cells. RT-PCR
products amplified from purified CD19* CD27" B cells by using V43-23 and Cu primers were subcloned and sequenced. Nucleotide

changes were evaluated and shown as percentages.

switch recombination and IgE synthesis in vitro (Fig. 2B). In
addition, the frequency and nucleotide substitution patterns

of SHM were similar to those of healthy individuals (Fig. 2C).

4. Discussion

RAG deficiency has been considered to display a range of
phenotype from classical T"B~ SCID (complete RAG deficiency)
to OS (partial RAG deficiency), depending on residual V(D)J
recombination activity [24]. Atypical SCID/OS or leaky SCID may
be also diagnosed in patients who show incomplete clinical and
immunological characteristics and do not fulfill the criteria for
SCID or OS [17]. However, it has recently been recognized that
the clinical spectrum of RAG deficiency is much broader and
includes CID with y6/CMV [4,5], and CID with granulomatous
inflammation [7], or destructive midline granulomatous disease
[8]. In the present study, we studied 5 cases of RAG deficiency
including 3 of 0S, 1 of CID with y6/CMV, and 1 of SCID with
maternal T-cell engraftment, and identified 6 novel and 2
recurrent RAG mutations in these patients.

Hypomorphic RAG mutations leading to immunodeficien-
cy have been shown to have up to 30% of wild type RAG
activity by V(D)J recombination assay [7]. Although the R73H
mutation in RAG2 from patient 1, the R142X mutation in
RAG1 from patient 3, and the R474C mutation in RAGT from
patient 4 exhibited around half of the wild type activity, all
of these patients also had mutations with extremely low
levels of recombination activity on the other allele, resulting
in a substantial decrease in the average recombination
activity due to a tetrameric complex formation of RAG1 and
RAG2 during V(D)J recombination {1]. Similar results were
obtained from an investigation of a RAG-deficient patient
with destructive granulomatous disease who carried a W522C

mutation with half of the recombination activity and a
L541CfsX30 mutation with no recombination activity in RAGT1
[8]. It therefore seems reasonable that the clinical pheno-
type of partial RAG deficiency in patients 1, 3 and 4 is a
consequence of these combinations of the mutations.

Biochemical studies have identified the core regions of
RAG1 and RAG2 that are the minimal regions necessary for
recombination of exogenous plasmid substrates in vivo and for
DNA cleavage in vitro [1]. The M443] missense mutation
demonstrated in patient 2 was located in the noncanonical
plant homeodomain (PHD) of the non-core region of RAG2.
Recent evidence indicates the importance of the non-core
regions of RAG1 and RAG2 in V(D)J recombination and
lymphocyte development [25]. The PHD of RAG2 has been
shown to play crucial roles for chromatin and phosphoinositide
binding, regulation of protein turnover, and cellular localiza-
tion of RAG2 [26]. Additionally, the PHD of RAG2 is known to
recognize histone H3 that has been trimethylated at the lysine
at position 4 by interacting with 4 essential amino acids, Y415,
M443, Y445, and W453 [27]. To date, 8 mutations of the non-
core region in RAG2 (W416L, K440N, W453R, A456T, C446W,
N474S, C478Y, and H481P) have been reported in patients with
T-B~ SCID or OS [28]. A significant decrease in recombination
activity of the M443! mutation from our patient further
supports the important role of PHD of RAG2 in regulating V
(D)J recombination.

Although the R142X nonsense mutation found in the N-
terminal domain of RAG1 in patient 3 should have resulted in a
complete loss of function, it remained partially functional for
recombination unlike the Q278X mutation in RAG2 in our assay.
On the other hand, the same R142X mutation has been described
in a typical OS patient who also had a nonfunctional frameshift
mutation in the core region of RAG1 on the other allele, thus
suggesting that the residual V(D)J recombination activity exists
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with the R142X mutation [29]. One explanation for these findings
is alternative usage of methionine as a translation start site,
which has been reported in OS patients with N-terminal RAG1
frameshift mutations [30,31]. A translation start prediction
program NetStart 1.0 also indicated that methionines at codon
183 and 202, which were the first and second methionines found
after the R142X mutations, could be alternative translation start
sites with scores comparable to the conventional initiator codon
1 (http://www.cbs.dtu.dk/services/NetStart/) [32]. Therefore,
it is possible that an N-terminal truncated and partially
functional RAG1 protein generated by alternative usage of
methionine led to the OS phenotype in our patient.

The clinical features of patient 4 were consistent with CID
with y6/CMV. Despite decreased recombination activity,
patient 4 exhibited normal immunogutobulin levels and a
normal percentage of peripheral B cells. These findings were in
contrast to SCID and OS, but were in agreement with previously
described cases of this disease [4,5]. Moreover, our B cell
analysis of patient 4 revealed normal maturation, normal
production of IgE after stimulation with anti-CD40 and
interleukin-4, and normal somatic hypermutation in CD27* B
cells. Taken together, our case provided additional data of the
genetic and immunological features of this unique disease.

RAG mutations found in patients with typical T"B~ SCID
have been usually shown to abrogate recombination activity
almost completely [2,33]. The residual V(D)J recombination
activity resulting from the E770K mutation in RAG1 was
associated with the SCID phenotype in patient 5. Despite
trends towards more severe mutations, such as nonsense and
frameshift mutations in SCID patients, missense mutations can
lead to the SCID phenotype [33]. It is also known that the same
mutations may cause different clinical phenotypes, presenting
as either T"B~ SCID or OS [18], and as either T"B~ SCID or CID
with v&/CMV even within one family [34,35]. These findings
suggest that that residual V(D)J recombination activity may
not be solely responsible for the disease development. Further
studies will be necessary to assess additional factors that
influence the clinical phenotype of RAG deficiency.

In summary, our studies demonstrated the pathogenic
significance of the 8 RAG mutations including 6 novel
mutations from 5 patients with RAG deficiency. The charac-
terization of the genetic defects and functional abnormalities
in RAG-deficient patients will help define the role of RAG in V
(D)J recombination and may lead to a better understanding of
the variable phenotypic expression in RAG deficiency.
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Autoimmune fymphoproliferative 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

Introduction

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)

Autoimmune lymphoproliferative syndrome (ALPS) is a disease
characterized by dysfunction of the FAS-mediated apoptotic path-
way,!? currently categorized as: type Ia, germline TNFRSF6/
FAS mutation; type Ib, germline FAS ligand mutation: type Is,
somatic TNFRSF6/FAS mutation: and type II, germline Caspuse
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 IIT and 1V, whereby type III
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 PTPN/1. 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 CD347 BM-MNCs.®

Germline RAS pathway mutations cause Costello (HRAS),
Noonan (PTPNI1], KRAS, and SOS/), and cardio-facio-cutancous
syndromes (KRAS, BRAF, MEKI, and MEKZ2). Patients with
Costello and Noonan syndromes have an increased propensity to
develop solid and hematopoictic tumors, respectively’; among
these tumors, the incidence of JMML in patients with germline
mutation of NF] or PTPNI1 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 withoul any
clinical features of germline RAS mutation. such as cardio-
facio-cutancous 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
10 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.”

Submitted August 10, 2010; accepted October 27, 2010. Prepublished online
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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-af3-expressing cells. {B) Electropherogram showing KRAS G13D mutation in BM-MNGs 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 antibady (final 100 ng/mL). (F) Western blotting 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 IMML 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,

Resulis 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-af3 cells (Figure 1A). IMML 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, PTPNI1I, and CBL, was determined, and KRAS G13D
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
hematopoictic 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 IV ALPS was previously characterized by
apoptosis resistance of T cells in IL-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-afy 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 IMML-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 JMML. However,
they did not meet with the well-defined diagnostic criteria of
ALPS? or JMML.® Tt is interesting that case 2 presented
GM-CSF hypersensitivity, which is one of the hallmarks of
IMML. Given the strict clinical and laboratory criteria of JMML
and ALPS, our 2 cases should be defined as a new disease entity,
such as RAS-associated ALPS-like disease (RALD). Recently

only.
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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.3? 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 JMML as well as RALD.
In JMML, 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. JIMML-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
lincage, 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 TMML™
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.'>'% 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 cuuse (rank malignancy by
itself.'®17 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. Tt 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
1L-2 depletion-dependent apoptosis assay focusing on the overlap-
ping autoimmunity with RALD.
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summary

Common variable immunodeficiency is one of the most common primary immunodeficiency that is categorized
into primary antibody deficiency. The responsible genes identified so far include ICOS, TACI, CD19, CD20, CD21,
CD81 and BAFF-R; and most of the CVID-causing genes are yet to be identified. TACI mutation is the most common
one; however the direct contribution of TACI mutation to pathogenesis of CVID is not yet clear. One third to a half of
the patients with CVID shows autoimmunity as well as malignancy in their course. It is of importance to develop diag-
nostic measure, to identify the disease causing genes, and to develop the optimal therapy.

Key words——Common variable immunodeficiency (CVID); classification; KRECs; TRECs; whole exome sequencing
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DR - RS ORIE &\ D ST, B REOREREEBFERC B TLERRRETH 5. EIEHE
Iz, WIS U 225, BEEETORY, EEERREOMBESEETES.

LBLEIAHHBKE

WEEZ LN T

FL&II

Common variable immunodeficiency (CVID) (%
PESk B IEARRE T RE AR &AE LIRS T 7273, f{E
%ﬁﬁ%<(mmmm,%%&%%ﬁ%f
(variable), HEHTBERERETDHS »,ﬁmm
mo@%ﬂfﬁﬁ#%@ii%wbmfmé EAREN
FEEREHFRETAHEBIFTH D, BAFHETH
B4 5 RIEMGEARSRE L L CREDRL . &
SR 1 10,000 A A 5 100,000 A1 Al T
WA, FLIoH 2 2009 FEITAT 5 o A EIC KT S
SEPAEICENTL 200 BREDEENFES ST
EDH B - T AN ZORITRCKE LU
HELTHLE2#EmML Tk, TN awareness

W BERHRRL RS RSB e R BB ) B
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campaign -
4. I—1m v 2B 5 J-Project, FEEO “Is it
PIS?” £+ v X—, FAYDFINDID 7z ¥ 2%
TUCHI B, FVITIIREREEORBK OEN &
& 7=1T, Jeffery Modell Foundation A3#.{» & 75 -
TYEBL L 7= PID @ 10 awareness warning signs % &
Fro. BASEIC BV Th, RYHEOHERE L,
FRYSE DN EREAL D 5 WITEBIE L U7z, Wil RY4E %
RIL7, BRELVWDIEY—FE2LO8ETIEE
F—RRR9 M L3S, 186G, A, M, E#BEIEYT S
CEDEETHY, SHBREOBETETEIHEINT5
AIREMED D 5.

I. CVID DEZE

CVID i, BIMEEREAES4S (European Socie-
ty for Immunodeficiencies : ESID) = X #id, 12 &%
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%1 Ten warning signs

1-1E) 10 Warning Signs of PID-General

1y
2)
3)
4)
5)
6)
7
8)
9)
10)

Four or more new ear infections within 1 year.

Two or more serious sinus infections within 1 year.

Two or more months on antibiotics with little effect.
Two or more pneumonias within 1 year.

Failure of an infant to gain weight or grow normally.
Recurrent, deep skin or organ abscesses.

Persistent thrush in mouth or fungal infection on skin.
Need for intravenous antibiotics to clear infections.

Two or more deep-seated infections including septicemia.
A family history of PI.

1-0) BRERETLELHED 10 OFE (HAFER

1)
2)
3)
4)
5)
6)
7)
8) 1
9)

10)

FLUBCIRIRES - MILERPELEVEL, FENMINTRLREFTREARONS.

AR 2 [|LL BRI 5.

ﬁ%i%%ﬁ%%ﬁﬁé

2L, B, BAig, MeEAks, MOmAES, FTERE, BESPURE L & OFEMRGHEIC 2.
F“kz%mtf%zyﬂur&%ﬁﬁhrtﬁm

EIERIARER AR 0ET.

L 4@, PEEIChNS
ﬁuﬁﬁ,ﬁﬁﬁmﬁmﬁ,&%ﬁ%ﬁ,ﬁﬁ-mm&ﬁﬁ<M£)ﬁ&6ﬂ

BCGIC L AEERIRIE (B#ifkiny), B ILXAT LIV A iém%,%ﬁk% S BEIELR, EB AL A LDHE
&mﬂﬁﬁruﬁkﬁth_&mﬁ

TN FL ) VR Y T%L#a&&,ﬁ P RIE T2 ERTEA B S RIRES B 5

1-2) MATRETLELRD 6 DHIE
The 6 ESID warning signs for ADULT primary immunodeficiency diseases

A bW N

Four or more infections requiring antibiotics within one year (otitis, bronchitis, sinusitis, pneumonia)
Recurring infections or infection requiring prolonged antibiotic therapy

Two or more severe bacterial infections (osteomyelitis, meningitis, septicemia, cellulitis)

Two or more radiologically proven pneumonia within 3 years

Infection with unusual localization or unusual pathogen

PID in the family

FE2 AT EPEBEE (Diseases to be excluded : DE)

1.

HEGET
XLA (X Mgy 707 vIifE) : Bk BTK

OO B #ifAKIELE (IGHM, CD79A, CD70B, BKNK:-) (1

2.
3.

XLP (X E#gH) v/ R ER) - B SAP
X-HIGM (X i [gM EER) « B CD40L

ZOMBOE IgM IERER (AID, UNG)

4.
5.

Good’s syndrome (JgRRIE % £ 5 FERLAE)
JESLEIR SCID (B AFEE SR R ER L) ADA, LIGIV, XLFI--

CD4<200/mm?® TEED

0 2N

Bone-marrow failure (FEiRLfEEEE © Fanconi &1, £FXMEELEFERL)

Lymphoma/leukemia (FMFE, Y2/ /&)

Protein loss via the kidney (BEEICBI 5EAMEL)

Protein loss via the gastrointestinal tract (JBEEBIZ 1 5B EEHHH) screening with alpha—1-antitrypisin in stool
HEH

o

BLE (% <id 10 RLIE) TRES A&y /a7 A IREREBRNEEATHWA Z LIEREE VRN,

U VILEE T, MEmMBREERORE, H5VETV 7 BIRE RIS B W TERICIEERAZE L7k > T 5
FUNDERRGEER L, BEOREEARLAE TR 7w >,ﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁiapk%itﬁﬁfﬁ

A LERINTOS. KEMSETHEL? OfF L. R2CHAIRNERBLXZOREERET R ED
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BIRICOEEH L7, BICEEI NS AL TOR

DNThs.

X HgESE y 7 11T )V IEE Tl BTK ZREL 7%
Pl BfifansseKBY, &y 70 v
FETHEEy 707V VIE LR H T LHHY,
BUTHEIBENLETHS. B CIIRRICHE
IZ BBV AOREF M (MERERERERN L) 2H-
7281213, SH2DIA 3 5\ it XIAP % ifat L T
BARETH5. TioF M IEREFOMN 2/3 T
EBIZ IgM HEEIC > T b9, 1gG, IgA 12K
EERT. /> THETIE CDIOL %, /BT
TNOHEL AID FHREL TEWTRW., &6
i, MIRRIE % (S R EAE (Good fEMERE) T
ORI HEN % <, FERTOFRERD B filgh
FERIBS B LSBT H HH, FRE T RE
BRERL TR BERD LY. FHRIC, RETHY
(hOEBOBRSI) LD ETHECFET H2HE
TH5N, CVID OEFEFEETLLTEETLHLD
CoWTh, WIFNLFHZERTHY, 7 <ICHRE
T AT,

II. CVID OEERAEIR

CVID DfERZHE « TH 5. SERFmEL T
V. TFFIRRE % B4 A HE I8 Ll 4 WRREE TS D,
KB (7 FE—HEERg, ARSI X)),
MR, FGEEBM S OELRD B, LS
FERH R 5 CVID A HED CVID Tdh 5 iR
AALETH LS. BYSE L L TE, Wb 5 sino-

pulmonary disease 75 % \ 4%, Epstein Barr 77 £ I
A (EBV) RRYME, YA b AHET A (CMV)
RE, NREB—<7 4 ARYHE: & T Mk
ETRETEEhE AEFALTMAINS. 2ERAEICS
Wi, HORBEEELEHT 5 L0 LMETI9
%, 40 5%LL BT 36%, BHEHOEOHILAETI0
%, 0L ETI9% Th 7. HERERELL
T VO, HOREEELERCEDRE
i AMERAE CH A5, BEfiY U<, REER
BB, SRGREIEIETLERBTROS. Bk
IEE Tt v/ SREBEEE RS A, FUIRRES,
TFESE, HEHRER BRSNS, BRRERIC
BARERESDY, £EEROEEICMERDA
7=V 7 ORTHERRESINSI L1 5%, Bodo
Grimbacher & @ group {3 CVID OFEEEIC DT
RIRT EDHAAT IV VT VAT LAEREBL T
WA,

III. CVID OJEsE

CVID OJFEIIE A ThH Y, HOWY LR NIHRE
ENTWAHEEF->THRV. b2 WE25DT
MIREBTAEREOIRT, T MEREDE T, T Ml
TFIARERE, T4 bh 4 VEARE, TRF—
v A DFHE %, TCR Vbeta repertoire @ i 1,
CDAOL B O T ERRE SN TE D, FABELR
HOBER 2L, HOKTRERZRIRELD
B0 O AT ROEE R RO HIEH L B 510,
BAlfc W Cid, 795 AAA v FiElE B Mg

#3 DEFRENGERSEOEREE AT Y VTV AT A

Points 1 2 3 4
1. Chronic sinusitis Absent  Present
2. Past meningitis or encephalitis Absent  One bout Two bouts >Two bouts
3. Past pneumonia Absent  One bout Two bouts >Two bouts
4. Bronchiectasis Absent  One bout Two bouts >Two bouts
5. Other parenchymal lung pathology such as fibrosis, LIP, ~ Absent Suspected Confirmed
BOOP, efc.
6. Lung surgery (lobectomy or pneumonectomy) Absent Performed
7. Splenomegly Absent 11-14.9 cm 15-20 cm >20cm
8. Splenectomy Absent Performed
9. Lymphadenopathy (largest node) Absent <2cm 2-3cm >3cm
10. CVID enteropathy Absent Intermittent  Chronic but mild Severe
11.  Autoimmune condition Absent  Suspected Confirmed
12. Other rheumatological complaints such as arthralgia Absent  Suspected Confirmed
13. Granulomata Absent  Skin only Lung, liver or spleen  CNS (incl. eye)
14. Lymphoma Absent Present
15. Cancer (solid tumors)such as bowel, skin or stomach Absent Present
Sk 5) k0 B
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RIVEFERE OB I ST 5745, B Mlafs
1%KL N>LDLHY, BHAKIELE & DR
LAMETHEH . ThHORELL 2B, CVID
O—FERY LT, ZORMEE—MRLL LD &7
HUEPHELILDOTH Y, CVID (I heter-
ogenous LB P LK D> Tnd LD avE
VI ADITCIZ XD KB IRREFH AR EN 5.

S, BHAllbiE Ih bR EEA T, CVID
7 Bllie 48, T MlaxiREil, B/T k3B, B/
TEHEOED CVID [CHHT 5 L RREL T
5 (F24). T I T3 BMIEEAEE, BAIlRROR
BA4EE L LT, sJKRECs
deleting recombination excision circles), ¢jKRECs
(coding joint KRECs) %'V, T gt igis
L LT, TRECs (T-cell receptor excision circles) #
B Twnwa123 0 2 0% realtime PCR {2 Cfij #

(signal joint kappa-

ICREST S LR TESH, BMIETIE CDI9/
CD20 B 4 # B 5% 78 ¢jKRECs @, % 7= CD4 +
CD45RA + ( + CD31 + ) #J@ # recent thymic
emigrant cells ¥ L C TRECs ), 8%z & L THW
LT EMTED. —F, CDI9/CD20 it sjKRECs
L 7.

B #ifaB DA B B 3, sJKRECs D4 % ik

F4 HEEER G R L HE O TR (Subgroup of CVID: SC)

SC-A. B ifillas4EsEIER, naive T MR IES
SC-B. B fliffaiaERid, naive T fIIRBUIER
SC-C. B #ilagr:4EF, naive T Al
SC-D. B #liffafiA:aERi, naive T iR

B #lilagi £ LT CD19, CD20 %M\ % LIsHS, ¢jKRECs (Kappa-
deleting recombination excision circles) % B iilffafto), siKRECs % B
AIFERROBE L L TRVWARENS D (4JF, B~ L6). Naive
T#ls (CD4+CD45SRA+) O 2 & LT, TH#lsEfELL T

Granuloma.

Autoimmunity

Splenomegaly

Lymphoadenopathy

<1% B cells
(group B-)

>1% B cells
(group B+)

X1

>2% switched memory B
{group smB+)

<2% switched memory B
(group smB-)

CEE e

TRECs (T-cell receptor excision circles) # i %2 LAdH 5.

L

-
-

EURO Class of CVID (Zjik 14) & Y &%)

*>10% CD21llow B
(group smB+CD21'ow)
*<10% CD21low B
(group smB+CD21romm)

*>9% transitional B
(group smB-Trhigh)
*<9% transitional B
{group smB-Trnom™m)

*>10% CD21low B
{group smB+CD21low)
*<10% CD21llow B
(group smB+CD21merm)

%

s
o 1e%
26%

o

X2 EURO Class of CVID &ERIRFER (TR 14) & 0 &)
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F5 OhOLISERENGETLECEEN5HE (Clas-

sification of CVID: CC)

HIRAY 1M KIBSE

SR [gA B

IeG KIMER U 1gG Y7 7 5 ARFHE
PSP RE

& IgM fE R
IgG/IgA (IgM OBEL#E %) : 3o CVID
FOMOE y 727 U fudiE

*C:h?ch oL

Type (a) asymptomatic

Type (b) with recurrent infections

Type (c) without infections but with other associated

R T S

pathology

SCHR ) & 0 e

F6 SEAREMGRETLEIC B0 SRR

1. {&5J%, /NHEEE, 7%  DES, DE6 & RiE
i

2. B

3. EOREE RS HIT
THER

4. HFEORRPHEEA~ DN
%

DE4, 5, 6, 7T DERIMHSLEE

DE2 s &

DE {332 % &I%

WBEHIT B TiE, B B Ml CD20+ CD27 +

@M4Q%®mmmmmmmwﬁ@ﬁ9%m¢.%

WICHRDEE 45 L Bbh 5O 0EERND

B, INHLOEFICE f%%VVU7U/Vﬂ~h

TN S BOBETH 5. B Mg oligoclonal
mHEELEESNS

%@M@CWD%%@%&&LT EDRET
D7) UYT 75 ANEICEE LS AON L,
KIERICER 7500055 (£5). COLDk
GEICE-71 208 & LT, IgA KIBEH
CVID L HEBTT A ENDHECIEELD
%. FEBIC IV TR A EEBEFO—FITOW
T ZDXRMBIC & D IgA KIBEED 5\ 3 CVID %
2L TWA. ZOfh IgM 28 LAY & E T 1gG, IgA
DPMEMEDFEGIL & IgM EEFF variant TV 5 A AA
v FRERRX—=ZIZHY, 1gM OAHBEME VD
BEin Y VEETESY.

I3—my R ETIRELIC, B, ZIEB
Mmoo E) 4, transitional B fifaO LR, CD21 OF
HEKTORE, Xk CVID #4584 5R A4
bbb (K1 RUR2)WS., T 2 CTREEKER &
DORILHAT-> T 2H, BB 5 AAA v FRelE

B Mgz i, HEMRLK TV SR
CD21low #ifaA % WHEIC L D HBICRDO BN S
DYNEIEKE—F7 5 A AL v FREE B Mifan
D 7p <, CD2llow i@ A5 %\ i B 5\ I3 transi-
tional B i % \WERICHBICEEO b 4.

F 61, FHEAYERIRIEIR & ot et OBIEIC >
WTE B

IV. BEFTICHOLMIER> TS CVID DEHE
- Ui

1. CD19/CD21/CD8$1 &iEfE
CD19/CD21/CD81 i3t &% F-> Tk, Biff
Fa~OHFERBIC BT, HR & C3d 84 d

B iflifasz EM&CDDKDHKDM@A%®ﬁ%ﬂ
LOVITFVBREINHC LS. Whp5hH B
M1 331 A dual signaling model T#5 4. CDI19
KIBIZ BT, BAMFERIIIERE T, 79 AAAL v
F- L 723218 B #lERUI A L T 5167 1eG K
6T, BRGEEEIIETL TEY, MRS
REYHE A G4 5. ﬁ““”%ﬂquQCaﬁ
FIE T L TWw5b. CD21 RIBFEIC BV THE, 1gG,
[gA I CH 5 b DD, PURFFRAIH AL RRIT
Ryt /o Tz, HRIYRSE7x CVID #Cd
%15, CD81 KIBSHE Tt 1eG {KMH, IgA 2K TF,
M IEFHTHY, MEEFRIRARDON.
CD81 (% CDI9 OEHICLEHETH D, KIEETIE
CDI19 BLIIEF L, CDI9 RIBIEE & D B il
GACRN L 7 IV RE R ERD B9,

2. CD20 ®RIBJE

CD20 (3 f3EM 7 BAIRGUR CTH D, BHiD ear-
ly pre=B i BLRIDED NS, /v 7T <y
ATl B Miffaf-chiffEE LIER Th - 7273, Ca
MAICEEZRDOB. b F TR IgG (IgM, IgA
EH) OBFETCDEFAREINTNRO. 7
S ARA v F LIcRRE B MlaAEA L, FUERIH
kb Cali ARG A &5, CDIY/
CD21/CD81 KIBfE L LI L /0RFE LS T &M T
2L, COESIC L2 Ca VT FINVICEREDD A
HLAHEOAATENTEALN, ZOVTFILVRIC
MR A5 FE%EH CVID OFEETEET L L
TRESND AL B 5.

3. ICOS x3iEjE
ICOS (3 CD28 7 7 3 V) —ICJ&¥ 2 ILHis) T,
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CD28, CTLA-4, PD-1 i E B L OBICE T 5. 1E
Mfbsn/ THlmic#B L, TalEsk, Y4k
NAVES, THREKEERGEEALSICEEL S
NTW%. ICOS KIBIEZ 5 FEFEHRIN/IHD
TOCVID Thb. 4E TILEAESNIEETE
B 2MEE/ZTTHY, Wia CVID D5 2 &M
T & AH2U~M),

FBE TR BRI FE 3 A1k « 7o R
EAEL, FBEEY v/ e, MBEEMEZ, B
il (MERED, REMEER, BEEU v~
F, BEEL L), NECO—< T INVAILLATEH
JEin Y, CVID RS AHIZEAEDIERERL T
. IgGIHETFL, UL IgM, IgA O{E T ORE
B x Th 5. [gM AR EE - A KED 7
GAAA 9 FRENRZ Uk LBy —ALRDLN
72, BHAROIEGIOHE Tit Thi, Th2, Th17 ¥ 4 |
hA v OEAKRT, FE CDAT Mgl Treg
Ty FPORLBEDLHN, 6 IC T-bet,
GATA-3, MAF, RORC induction {Z & a4 d 5 &
EMIRE N/, CTLA-4 OFEHFEIC LHEN B
5. fE»C, ICOS KABFETiL, &I RUHIHIE
WD THROGILD B THEFRICTHER D Y,
FEDOWENPBEICREINBEM I - T, BRYSENE
thkeiz b, BOREEBPEMR LD HDPRES
NATREMEH D 5. FEREIC ICOS KIA~< 7 A% Fuv
TEBRTRITY x 77— THEOBEEERT @S
TNTWABA, 5T autoimmunity ~NOO{E [H % 7R
L7ciic b D EGRH BN A, CVID IZ) 5 5 R
M HORIEEBONS v ARG 55 FHE
L THRIRE .

4. TACI £E4E

TACI B E & IgA RIBEE, CVID & OBIHE(L
2005 FICR I NS, TORRBRIEIEMETD
B, NTRRETEES L BEENRET HFRL,
HENTORAEKRYE, FTEFRLEPRESINT
WHD, BZ O BMORTFTHARL, BEHEFH
M > TRIETHOTHHEVALEEZLNTW
%22~30)  TACI L transmembrane activator and cal-
cium-modulating cyclophilinligandinteractor Oig T,
TNF 2%k A—/—7 7 I Y—{CTEL, BAFF (B
cell activating factor), BCMA (B cell maturation an-
tigen) < APRIL (a proliferation-inducing ligand)
REEUAV/FELTHS. UAVEFEDOREICE
D, BMila TR S AAAL v FRFEIND. %<
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D B3 T2 TACI mutation 783% » T HFEEAED
BB ELRITERECL T 5.
BETEHL2L, CVID ORFEOFEREZZL TH
D, $FETIT600 L VEBEPRIESNTS. B
MBI IER Th A 25, RHCHEBL -BEBLHAS
N5, 75 AAA v FidlE B #ifao A3 CVID
SHEO@ER EPDH BT, IgA, gM ITEES & 5
CEBEGD, BRAPEFETH-7D, &IgM &
%ol TS5 ELBDL. T VITOERTIE
APRIL NDE&EPMETTHI EBRREINT WS
D, RMLBEEOHVERIIH 7 VILTOD CI04R,
ABBIETH Y, EATIHRLERYFT HEH
D 2% BREGEAET A3, Wk ZRTE (o
BEBEHONT AR TL) HEREHIET 52 &
DELWEBRTH 5.

5. BAFF-R Ri84F

BAFF-R ZIBfE IR Misp fl THRE SN TV H DA
C#H%. BAFF-R {2 TNF S#H K A—/—7 7 3
J—IiZB L (TNFRSFI3C), B#ifaicEH xn,
BAFF (B cell activation factor) 2 & - THIEA A
D, NFkB OFFE->H 7R F—v AC@ &, By
DOHEFITEL S L CT\w5. BAFF-R RIBE T
IgG, IgM DIE F %, A EFE TH 7. L
HL G DIETE—HITET S BETH 7. Il
BCTOEHMOER L Y75, BAFF-R LU ORA
FHREBT S L IHBKREVEEZLNTNA?.
EMEIZ, BAFF-R O UV FiZ BAFF D& TH 5
2, BAFF © U % v F &L Tid, &8 TAC,
BCMA, APRIL 75 ¥ %% 5.

T AR AEEZETE TH 505, TIHKE
LR RIS RIS D 5. E-HCHRER Y v/
TE7x SRR TWiny. A[EYE BAFF-R 234 3
% CVID O—#4 % ), BAFF-R OHSEKES
WHHDTH LR SN THA.

6. Mshs EBSE

Msh5 {3 DNA 2 A~ v FEBEES, BEGHTO
HRERZ IS T 5, 75 AAA, v FHEE2T
DOBEELH LM >TW5B. 220 SNP DAL
&H& (L8SF/P786S) 75 IgA KIBFES CVID & B
HELTWA EHEIN TN A3,

V. BA~NOT7/O—F

CVID TREEHPEIEED B HEEGN A 70 <
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10%52EEIC 4 E 75\ . CVID TIIR(E 10 L EDk
MEETFIAPERLLTHHAOTH EEME N T
B 7 AETFIR5 TS DHERE N7 LRI
SFFICOWTIRETFERSR 2D > Tk, A
fRA91C (3 BAFF-R © U # v/ F T® % BAFF,
APRIL, BCMA {347 < & % major 7 CVID Efx
T TlE g 20303439 EHEE S TRIERLED 5
W AR AETRSEORERE T TH S ADA,
RAG, LIG4, Artemis 75 & OET RFAEOBEAET
CHRERL COWBERERETSICHES. LrLEBLH
QWEELLEMEERET Tlidiey. SC-A O KRECs,
TRECs IEHBIZ B\ Tid, FEGIOFHT 2 R0y
BB OISR R F AT IC BRI & In 2 CRIE
FREMTHONANEZTH 5.

Ao biZ 4 ETIC3 207 Ja—F % AW TER
R Tl TwA. 1 DIEEFRAL 6 SNP array (2
$5\»C homozygosity mapping # T\, ZOFEEEIC
map & N 5 &= T % FLX454 |2 T long read se-
quence § 5 HETH 5. EBEOHF TRIERMAERK
T 4000 FiRRER D, WERIEEICE VT
EIMCIE DR Bl o e, 2 20D H R, K
FEICBIE L 2o o TR LT, AT v TR
L, &£17Y VIR BRI 5HETHESL. Bich
iZ RAPID (Resource of Asian Primary Immuno-
deficiency Diseases): URL http://rapid.rcai.riken.jp/
RAPID %~ —Z(Z, BEAMERT, BEAHEERT % Hh
HL, 512 RAPID TOERMEEFRHIC LAV
5T MGI (Mouse genome informatics) URL:
http: //www.informatics.jax.org/, RefDIC (Refer-

ence database of immune cells) URL: http://refdic.
rcai.riken.jp/welcome.cgi, NetPath URL: http://
www.netpath.org/ 7z & & LR PFIEHE A3 50 B IS IEE
L7 B el i IS BmIc BT 5 5 FROEHR
&M D, $92,500BEZFRMBL, TOETTY
VBN AT > C0B. EHIC3FHOHELLT
TTCIEE LT 7 VR ABBL 72,
FNOBEIZ L, SNP database NEETH D, H
I 5 Cld dbSNP135 % JEiZ H A A SNP & # % L%
LoD, BlE#R->TnAHEIHATHL. WINIC
HETEBRIH—EMTORMAPEETH,
WORIEEN B 5 OMREEL THEITEh 5 IS
L0, FABEEEETFREDLES L0 EFHE
LTW5.

VI BOTRRER

1. RERAE

% IIAERYHE TH D ETRER P E . T
R B RRME IC & B KA STIRARE 1T EEE T 30-50%
BEOEHZTHROONS LT, EMTFHICKES
BI59 5. 1BMERRYYE L 0 & BRERRYYE N 7 DR
CEELTWAEEINTWA. %L, —fZ2—F
o AF A% % MAC BRYE Tid T Motk R
EFEHEED .

2. CHIEBER
HLEERE 2T HEMIL <, £ERETLH
1/3 TRROBENIZ. S <ETH - HILEREE TS
D, TOHBEFy L EONTZ—TREITINAT, ¥
VERT %Y OMIENEER, CMV Rk L L
HEINTNS. EAFEEEY v/ B4 (nodular
lymphoid hyperplasia : NLH), ZfEtEE K&, SEH
BB L AL TH 5. NLH (35 8% D EL THRD
bha.

3. ACRERRE

B O st £ Im (Autoimmune  hemolytic
anemia : AIHA ) R 45 Z& ¥4 i /) #3604 1 38 BE 9
(Idiopathic thrombocytopenic purpura : ITP) 7%
L& FHoRE, BWAM, BMY Y <F,
SLE, ¥ x—7 UV VIERHZ L LBOONS.

4. BHES

B SAORIERBRE L 7-16 £, Bk v/ JED
RIEEMREE L 12-18 f L S h T\ 5. By v /IJE
Tid BiifadsE» % <, EBV ZsA% bt 3h
TWh.

VII. & i3

1) y7a7y#xE

IeG i3 (500-) 700 mg/dL L b#% BEICHTE % 1T
275, AT L DEM G VLA RT B I
EEPLETHS. 1 DICRBGHOE (FRIED
HiERLHFNE) OMELBAMLTHAD. Ei-
1gG 3K L~ % (500-) 700 mg/dL & L, A
Z BEED [gG L~ +300-500 mg/dL f2EIZT 5
NREEDOFERLDAH. WTFHICH & 1,000 mg/dL
R - T LD TRRAHEDHE 2B 3 HAED
LSRR, TN EL BT HEBLTVWEELD
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A CREREDOEER MK ) v/ SRS OB FR I i
BT AIEFAITHBREL TRV EEDNS.
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B\, EFECEEL S TR 2T EES
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