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kit (Qiagen). Then, 1 pl of the PCR product was used
for direct sequencing (ABI PRISM Model 3100,
version 3.7, Applied Biosystems). Next, the resulting
immunoglobulin sequence was fed into BLAST
(NCBI) to identify the closest germline sequences.

Western Blotting

CD27 protein expression in tumor samples was
determined by western blot analysis. Protein lysates
were analyzed using standard techniques and
the anti-CD27 rabbit polyclonal antibody (Abcam,
Tokyo, Japan) as described.'® We included one
fresh-frozen reactive lymphoid hyperplasia sample
as a positive control, a HeLa cell line sample as a
negative control, and three fresh-frozen duodenal FL
samples in each analysis.

Statistical Analysis

All statistical analyses were performed with the
Mann-Whitney U-test using SPSS software (version
14.0; SPSS, Chicago, IL, USA). Values of P<0.05
were considered statistically significant.

Results
Clinicopathological Findings

Clinical features (age, gender, and clinical stage),
histological grading, and immunohistochemical

Table 1 Clinicopathological features in gastrointestinal FLs

findings are summarized in Table 1. The study group
comprised 16 men and 14 women, aged between 40
and 81 years, with a median age of 61 years (Stomach
FL: age range, 51-81 years; median age, 63 years.
Duodenum FL: age range, 49-75 years; median age,
61 years. Colon and rectum FL: age range, 40-87
years, median age, 58 years). Clinical stages were
determined according to the criteria recommended
by the International Workshop (Lugano) and are
detailed in Table 1. All stage IV patients had
bone marrow involvement. We excluded patients
with multiple lymph node lesions. In our patient
series, the stage IV patients had both gastrointestinal
lesions and bone marrow lesions, and they had
predominant gastrointestinal involvement. Typical
histological appearance of patient samples showed a
vague nodular pattern composed of small- to
medium-sized cleaved lymphoid cells. The main
locations of gastric and colonic FLs were the
submucosal to subserosal areas (Figures 1a—f).
Duodenal FLs were located in the submucosal area
(Figures 1g—i}, and tumor cells were associated with
duodenal villi. Histological grades were distributed
as follows: grade 1: 24 samples; grade 2: 5 samples;
Grade 3A: 1 sample.

Immunophenotyping Results

CD21 expression patterns are shown in Table 2. FDC
were arranged at the periphery of tumor follicles in

Patient no.  Sites Age (years)/gender  Stage  Grade

g
S

CD5 Cyclin D1 BCL-2 1 Blimp-1

1 Stomach 60/M 1 1
2 Stomach 75/M v 1
3 Stomach 63/M 1 1
4 Stomach 60/F I 2
5 Stomach 51/F 12 1
6 Stomach 81/F I 2
7 Stomach 51/F I 2
8 Stomach 74/M jisd 1
9 Duodenum  75/M 1 1
10 Duodenum 57/M I 1
11 Duodenum 58/M I\ 1
12 Duodenum  75/M 112 1
13 Duodenum  71/F 1 1
14 Duodenum  66/F I 1
15 Duodenum 51/M I 1
16 Duodenum  49/M 112 1
17 Duodenum  62/F 112 1
18 Duodenum  54/M I 1
19 Duodenum 61/F v 1
20 Duodenum  53/F 112 1
21 Duodenum 57/F I 2
22 Duodenum  56/M 112 1
23 Duodenum  66/F 112 1
24 Duodenum  55/F 112 1
25 Duodenum  63/F . 12 1
26 Cecum 42/M 112 2
27 Colon 40/M 1 1
28 Colon 47/M I 3A
29 Rectum 67/F I 1
30 Rectum 77/M I 1
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Abbreviations: BCL-2, B-cell lymphoma 2; F, female; FL, follicular lymphoma; M, male.
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Figure 1 Pathological features of gastric, duodenal, and colonic/rectal follicular lymphoma (FL). (a) Gastric FL (HE stain; low power
field). Tumor cells are present in the proper muscle to subserosal area. (b) CD10 immunostaining of gastric FL (low power field). (c) B-cell
lymphoma 2 (BCL-2) immunostaining of gastric FL (low power field). (d) Gastric FL (HE. stain). Vague nodular tumor follicles are
present. (e) CD10 immunostaining of gastric FL. Tumor cells are positive. (f) BCL-2 immunostaining of gastric FL. Tumor cells are
positive. (g) Colonic FL (HE stain). Tumor cells are present in the musculature proper area. (h) CD10 immunostaining of colonic FL.
Tumor cells are positive. (i) BCL-2 immunostaining of colonic FL. Tumor cells are positive. (j) Duodenal FL (HE stain). Tumor cells are
present in the lamina propria area. (k) CD10 immunostaining of duodenal FL. Tumor cells are positive. (1) BCL-2 immunostaining of

duodenal FL. Tumor cells are positive.

15 of 17 duodenal FLs as previously described
(Figure 2a.! In contrast, among the eight stomach
FLs, seven exhibited a nodal pattern and one
showed an intermediate pattern (Figure 2b). Out of
five patient samples in the colon and rectum, three
were nodal and two were intermediate (Figures 2c
and d). Statistical comparison of the expression
patterns of duodenal FLs and gastric/colonic FLs

showed that the distributions were significantly
different (P<0.001).

Results of AID and BACH2 expression analyses
are also shown in Table 2. Only 1 of 17 duodenal FLs
expressed AID (Figure 2e), whereas 6 of 8 gastric FLs
were positive for AID (Figure 2f). All colonic and
rectal samples were positive for AID. BACH2
expression was comparatively different: 14 of 17
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Table 2 CD21 pattern, AID, BACH2 expression and genetical study in gastrointestinal follicular lymphomas

Patient no. Sites Stage CD21 pattern AID BACH2 CD27 (14;18) VH usage
1 Stomach I Nodal - + - + ND

2 Stomach v Intermediate + + - -+ VH3-30
3 Stomach I Nodal + - - - VH3-21
4 Stomach I Nodal + + - - VH3-30
5 Stomach 112 Nodal — + — + ND

6 Stomach I Nodal + + - — VH3-7
7 Stomach I Nodal + + + - VH3-30
8 Stomach I Nodal + - - — VH4-34
9 Duodenum I Duodenal - - + ND VH3-73
10 Duodenum I Duodenal - - + ND VH3-48
11 Duodenum v Duodenal - + - + VH3-72
12 Duodenum 12 Duodenal — + + — VH4-34
13 Duodenum I Duodenal - (+) + + VH5-a
14 Duodenum I Nodal - + + - VH3-73
15 Duodenum I Duodenal - (+) + + VH4-b
16 Duodenum 112 Duodenal - (+) + + VH4-39
17 Duodenum 112 Duodenal + — + + VH3-15
18 Duodenum 1 Duodenal - (+) + + VH5-51
19 Duodenum v Duodenal - + - + VH5-51
20 Duodenum 112 Duodenal — (+) + + VH4-61
21 Duodenum 1 Duodenal - (+) + + VH4-39
22 Duodenum 112 Duodenal - + + + VH3-73
23 Duodenum 112 Duodenal - (+) + + VH3-23
24 Duodenum 112 Nodal — + + + VH3-23
25 Duodenum 12 Duodenal - + + + VH3-23
26 Cecum 12 Nodal + + + - ND

27 Colon I Intermediate + + - + ND

28 Colon I Nodal + - - + VH3-33
29 Rectum 1 Intermediate + + - - ND

30 Rectum I Nodal + - - + ND

Abbreviation: AID, activation-induced cytidine deaminase; ND, not determined.

(+4): positive at the periphery of tumor follicle and villi.

duodenal FL samples were positive for BACH2.
Interestingly, the AID-positive sample (no. 20) was
negative for BACH2. In seven samples, BACH2 was
expressed at the periphery of the tumor follicle and
tumor villi (Figure 2g, Table 2; shown as (+)).
BACH?2 was also commonly expressed in other FLs:
six of eight gastric FLs were positive for BACH2
(Figure 2h) as were three of five colonic/rectal FLs.

In situ hybridization analysis of BACH2 expres-
sion confirmed the immunohistochemical findings.
Tumor cells at the peripheral zone of tumor follicles
and at the villi expressed BACH2 mRNA (Figures 3a
and b). This pattern corresponded with the protein
expression pattern. We also examined Blimp-1
expression and found no Blimp-1 expression in
any of the patient samples (Table 2).

We examined differentiation in lymphoma cells
using CD27 staining. As both mutated IgM* B-cell
populations and the class-switched memory B cells
share expression of the TNF-receptor superfamily
member CD27, which is not expressed in unmutated
naive B cells,'*1% CD27 is thought to be a memory
B-cell marker.® Figure 3¢ shows CD27 expression in
the reactive lymphoid hyperplasia of the duode-
num: the CD27-positive B cells or plasma cells were
present at the villi and lymphoid follicle. CD27
expression is also shown in the reactive hyperplas-
tic germinal centers of the tonsil: the positive cells

MODERN PATHOLOGY (2013) 26, 2231

were scattered in the germinal center (prominent in
light zone) and interfollicular zone (Figure 3d).

As shown in Table 2, 15 of 17 duodenal FL samples
strongly expressed CD27 (Figure 3e). Western blotting
analysis also confirmed CD27 protein expression in
duodenal FL (Supplementary Figure 1). In eight
gastric and seven colonic FL samples, all samples
were negative for CD27 (Figure 3f), except those of
patients no. 7 and no. 26. Statistical comparison of
expression patterns in duodenal FLs and nodal,
gastric, and colon FLs showed that the distributions
are significantly different (P<0.001).

IgVH Gene Usage

We could detect monoclonal bands in six of eight
gastric FL samples and one of five colonic/rectal FL
samples. These results are shown in Table 2. In
gastric FL, five of six were VH3 and one was VH4. In
duodenal FL, 9 of 17 were VH3, 5 were VH4, and 3
were VHS5.

Fluorescence In Situ Hybridization

The t(14;18) translocation was detected in 13 of 15
(about 87%) duodenal FL samples, 3 of 8 (38%)
gastric FLs, and 3 of 5 (60%) colon and rectal FLs
(Figure 4a). In gastric FL samples, the frequency of the
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Figure 2 CD21 and AID immunochistochemistry in duodenal, gastric, and colonic FLs. {(a) CD21 immunostaining of duodenal FL.
Follicular dendritic cells (FDC) present at the periphery of tumor follicles (duodenal pattern). (b) CD21 immunostaining of gastric FL.
FDC networks densely present in tumor follicles (nodal pattern). (¢) CD21 immunostaining of colonic FL. FDC networks densely present
in tumor follicles (nodal pattern). (b) Intermediate pattern of CD21 immunostaining in colonic FL. (e) AID immunostaining in duodenal
FL. Tumor cells are negative. (f) AID immunostaining of gastric FL. Tumor cells are positive. (g) BACH2 immunostaining in duodenal FL.
Periphery of tumor follicles and villi are positive, but center of tumor follicle is negative. (h) BACH2 immunostaining of gastric FL.

Tumor follicles are positive.

translocation was significantly lower than that in
duodenal FLs (P=0.015). Furthermore, gastric FLs
with lower clinical stages (Stage I-1I;, localized tumor
stage) had a lower tendency to exhibit the t(14;18)
translocation (Table 2). The IGH-BCL-2 translocation
was more frequent in duodenal samples (87%) than in
gastric (40%) and colonic (59%) FLs (P=0.008).

Discussion

Although the gastrointestinal FLs are relatively rare,
accounting for 1-3.6% of all gastrointestinal lym-
phomas, duodenal FLs have recently been found
with increasing frequency by upper gastrointestinal
endoscopic examination. These FLs are character-
ized by lower clinical stage, lower histological
grading, and better prognosis. Gine et al*” reported
that the frequency of clinical stage III-IV in nodal
FL was 81%. Solal-Celigny et a/*® found a similar
frequency of 78%. In our previous multicenter

retrospective study, 41 of 191 patients with
gastrointestinal FL (21.5%) were stage IV.*
Histological differences between duodenal FLs and
stomach and colon FLs involved tumor depth, size
of individual tumor follicles and the size of the
lesions. Duodenal FLs were mainly located in
submucosal areas, and tumor cells were present
in mucosal villi. Macroscopically, duodenal FLs
typically present as small white multiple nodules.
These histological differences suggest the associa-
tion of a mucosal homing receptor such as «4f7 as
reported by Bende et al.’® Most duodenal lymphoma
samples are obtained by biopsy, and the assessment
thus performed is considered insufficient. However,
in our previous patient series, a few patients were
examined by ultrasonic endoscopy. All patients who
had macroscopically multiple white nodules had a
limited submucosal layer. In our present series of
duodenal FLs, all macroscopic types were found to
be typical multiple white nodules. The patients in
the present series were examined by CT and/or MRI.
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Figure 3 BACH2 and CD27 expression. (a) BACH2 in situ hybridization in duodenal follicular lymphoma (FL) sample. Levels of mRNA
expression correlate with protein expression. Inset of Figure 3a shows detection of BACH2 mRNA with sense DIG-labeled probes as a
negative control. (b) Same sample as Figure 3a. Tumor at the villi also expresses BACH2 at the mRNA level. (¢) CD27 expression in
reactive lymphoid hyperplasia of the duodenal sample. Positive cells (active B cells and plasma cells) are present at the villi. (d) CD27
immunostaining of reactive lymphoid hyperplasia in the tonsil sample. Positive cells are scattered in the germinal center light zone and
interfollicular zone. (e) CD27 expression in duodenal FL. Tumor cells are strongly positive. (f) CD27 expression in colonic FL. Tumor

follicles are negative.

We think we should examine further studies in the
future.

Both normal germinal centers and nodal FLs
have dense CD21-positive follicular dendritic cell

MODERN PATHOLOGY (2013) 26, 22-31

networks.?® We previously showed that duodenal
FL lacked follicular dendritic cell networks, with
dendritic cells distributed at the periphery of the
tumor follicles.! In contrast, other gastrointestinal
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tumor cells

Figure 4 Fluorescence in situ hybridization (FISH) and schema of duodenal FL. (a) FISH for detection of t(14;18) in duodenal follicular
lymphoma (FL) sample. IGH signal (green) and B-cell lymphoma 2 (BCL-2) signal (red) are merged (yellow: arrows). (b) Schema of tumor

origin in duodenal FL.

tract (stomach, colon, and rectum) FLs had dense
follicular dendritic cell networks similar to those of
nodal FLs. The follicular dendritic cell network
pattern may depend on the nature of the primary
tumor. For example, we documented a patient with
primary FL in the inguinal lymph node, who
achieved complete remission by chemotherapy and
then relapsed with lesions at duodenal and gastric
sites. Interestingly, the nodal and two gastroin-
testinal sites showed the same follicular dendritic
cell pattern (nodal pattern, data not shown).
Conversely, some duodenal and nodal samples
from patients presenting with systemic lym
phadenopathy showed the same dendritic cell
pattern (duodenal pattern, data not shown).

An important question concerns whether tumor
cells invading follicles arise from the villi or whether
they spread from tumor follicles to the villi. Figure 4b
presents a hypothetical schema of development of
duodenal FL. The VH-usage deviation and memory-
cell characters strongly suggested that the presence of
antigen stimulation, chemokines, and adhesion
molecules probably affect tumor spreading. One
hypothesis is that tumor cells originating in the villi
spread to other villi and invade non-tumor follicles.
Tumor cells invading non-tumor follicles disrupt the
follicular dendritic cell network, as seen in follicular
colonization in MALT lymphoma. Another hypoth-
esis is that lymphoma cells from tumor follicles
spread to the villi.

AID has a key role in class switching and somatic
hypermutation in B cells.? BACH2 also has a role in
these processes in B cells.® BACH2 and Bcl-6
suppress Blimp-1, which is a key regulator of
plasma-cell differentiation.” We have previously
reported a lack of AID expression in duodenal FLs.
In the present study, 14 of 17 samples of duodenal FL
expressed BACH2 protein and mRNA. In seven
samples, the BACH2 pattern and the pattern of
tumor cells in the villi and periphery of the tumor
follicles was the same. This unique pattern was not
found in nodal, gastric, or colonic FLs. This difference
was quite interesting, but the mechanism by which
AID and BACH2 are differentially expressed remains
unclear. We cannot clearly demonstrate this

association in our present study, and further studies
will be required to clarify this association.

Most duodenal follicular samples expressed
BACH2, and all lacked Blimp-1, which is repressed
by BACH2 and Bcl-6. Thus, BACH2 might have a
key role in ongoing somatic hypermutation in
duodenal FLs. Sakane-Ishikawa et al?' described
better prognostic value of BACH2 expression in
diffuse large B-cell lymphomas. Takakuwa et al??
described an inhibitory effect of BACH2 on
proliferation of Raji cell lines. In previous reports,
BACH2 was reported to have a tumor suppressor
role in B-cell lymphomas. On the other hand, AID is
associated with lymphomagenesis and AID
expression is related to poor prognosis in several
B-cell lymphoma subtypes.®?%24 We do not have
sufficient data for long-term follow-up of patients
with duodenal FL, but based on these reports, we
suggest that BACH2 expression and lack of AID
expression might limit the tumor stage and lead to
better prognosis in duodenal FL.

Expression of CD27 was common (15 of 17) in the
duodenal FL samples. In 16 Grade 1 nodal FLs, all
patient samples were negative for CD27 (data not
shown). In five gastric MALT lymphoma patient
samples, four samples were positive and one was
negative for CD27 (data not shown). In B-cell
differentiation, postgerminal center B cells, selected
by affinity maturation and induced by somatic
hypermutation, differentiate to plasmablasts or mem-
ory B cells.?> CD27 is a tumor necrosis factor receptor
superfamily member and a general human memory
B-cell marker. In human normal intestinal mucosa,
scattered secretory IgA+ CD27* memory B cells are
present in the lamina propria, but are scarce in gut-
associated lymphoid tissue.?® In duodenal FL
samples, tumor cells expressed IgA, CD27, and
BACH2. Thus, tumor cells differentiate to memory
B cells with somatic and ongoing hypermutations.
For this reason, we note that these data suggest a
resemblance of duodenal FL to MALT lymphoma.
CD27* memory B cells are subclassified as
IgM*IgD™*, IgM*IgD, IgGtIgA ™, and IgM-IgD*.27
Thus, duodenal FLs are subclassified as IgA™
memory B-cell like. Dong HY et al?® described that

29
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CD27 did not distinguish between neoplastic B cells
of naive versus memory type. Furthermore, Schmitter
D et al?® described CD27 expression in CD70-
stimulated FL cells. Somatic hypermutation by
itself is a feature of both follicular center and
memory B cells, and CD27 is also expressed by
some follicular center cells. Therefore, we should be
more conservative in the precise maturational state of
the duodenal FL cells. However, there might also be
difference between nodal FL and duodenal FL in
terms of CD27 expression.

In gastric and colonic FLs, VH3 gene usage was
frequently observed, but in our samples, we could
detect too few monoclonal bands to allow compar-
ison with duodenal samples. More samples will be
required to compare VH gene usage. Translocations
of t(14;18)(q32;q21) and IGH-BCL-2 are considered
to be hallmarks of FL,2930 but t(14;18) is present in
about half the healthy samples.31:32 In gastric FL of
lower clinical stage, there were no IGH/BCL-2
translocations. These facts suggest that gastric FL
may be similar to primary cutaneous follicle center
lymphoma.333¢

In conclusion, we suggest that duodenal FL is a
distinct entity among gastrointestinal FLs, by virtue
of AID loss but BACH2 expression, displaying a
specific CD21 pattern, and high frequency of CD27
expression.
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CLINICAL AND LABORATORY OBSERVATIONS

A Novel Mutation of Ribosomal Protein S10 Gene in a
Japanese Patient With Diamond-Blackfan Anemia

Makoto Yazaki, MD,* Michi Kamei, MD,t Yasuhiko Ito, MD,T Yuki Konno, MD,}
RuNan Wang, MD,} Tsutomu Toki, MD,} and Etsuro Ito, MD}

Summary: Diamorid-Blackfan anemia (DBA) is an inherited bone
marrow disease. The condition is characterized by anemia that
usually presents during infancy or early childhood and congenital
malformation. Several reports show that DBA is associated with
mutations in the ribosomal protein (RP) genes, RPSI9, RPS24,
RPS17, RPL35A, RPL5, RPLI1, and RPS7. Recently, 5 and 12
patients with mutations in RPSI0 and RPS26, respectively, were
identified in a cohort of 117 DBA probands. Therefore, we
screened the DBA patxents who were negative for mutations in
these DBA genes for mutations in. RPSI0 and RPS26. The present
case report describes the identification of the first Japanese DBA
patient with a novel mutation in RFSI0.

Key Words: Diamond-Blackfan anemia, ribosomal protein genes,
mutation.in RPSI0

(J Pediatr Hematol Orncol 2012;34:293-295)

Diamcnd-Biackfan anemia (DBA) is an inherited bone
marrow disease. The condition is characterized by
anemia that usually presents during infancy or early
childhood, congenital malformation, and an increased in-
cidence of cancer.™? In 1999, it was reported that DBA is
associated with mutations in the ribosomal protein (RP)
gene, RPSI 9.4 This mutation was identified in 25% of DBA
probands and prompted the search for other RP gene
mutations. Subsequently, DBA patients with mutations in
RPS24, RPSI17, RPL354, RPLS5, RPLII, and RPS7 were
reported, suggesting that DBA is a disorder of ribosomal
biogenesis and/or function.>7 Recently, Doherty et al® re-
ported 3 distinet mutations of the RPSI0 in § patients from
a cohort of 117 DBA probands. Therefore, we screened the
Japanese DBA patients who were negative for mutations in
these RP genes for mutations in RPS10 and RPS26. Here,
we report the first Japanese DBA patient with a novel
mutation in RPSI0.
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CASE REPORT

A 6-year-old boy was referred to our hospital with anemia
with no other significant cytopenia. He was.an only child with no
family history of anemia. He has no congenital maiformations
described in “classical DBA,” apart from bilateral lymphangioma
of the foot. His white bl ood cell count was 4.3 x 10°/L, the eryth-
rocyte count was 2540 x 10°/L, the hematocrit was 24.6%, hemo-
globin concentration was 8.3 g/dL, the mean mrpuscular volume
was 96.9fl, the mean corpuscular hemoglobin was 32.7pg, the
platelet count was 278x 10°/L, and the retlculocyte count was
1.5%. The fetal hemogiobm was 1.4%. The sérum iron was 93 g/
dL, the serum unsaturated iron-binding capacity was 184ug/dL,
and the serum ferritin was 9ng/mL. The serum vitamin B12 was
850 pg/mL and the serum folic acid was 6.8 ng/mL. The serum
aspartate aminotransferase was 17U/mL, the alanine amino-
transferase was 10U/mL, and the lactate dehydrogenase was
201 U/mL, The erythropoietin level was 1170 mU/L: The serum
total bilirubin was 0.5mg/dL. The direct and indirect Coombs’
tests were negative. The anti-B19 parvovirus immunoglobulin M
and immunoglobulin G antibodies were negative. Bone marrow
aspiration showed that the cellularity was slightly hypoplastic
(78500/uL), with a paucity of erythroid cells (16.8%; macrocytic-
basophilic erythroblasts, 0.4%, noromocytic-basophilic eryth-
robalasts, 1.2%, noromoeytic-polychromic erythroblasts, 10.4%,
normocytic-orthochromic erythroblasts, 4.8%), but the morphol-
ogy was normal. It showed that myeloid cells (34.4%) have no
abnormalities associated ‘with myelodysplastic syndromes. Lym-
phoid cells (38%) and megakaryocytes were normal. Cytogenetic
analysis showed no chromosomal a’bnormahty On the basis of
these findings, DBA was diagnosed in this patiént.! The patient
responded to oral steroids but not to cyclospcmne A small dose of
prednisolone (0.18 to 0.23mg/ke/d) were given to maintain an
erythrocyte count of 2500 x 10/, a hemoglobin concentration of
8.0 g/dL, and his daily activities. The most distressing complication
has been obesity. He has never received blood transfision.

At 22 years of age, analysis of RP genes was performed. In-
formed consent was obtained according to the guidelines set out by
Hirosaki University Graduate School of Medicine. Initially, the
patient was screened for mutations in the 8 genes known to be
associated with DBA, RPSI9, RPS24, RPSI7, RPL5, RPLII,
RPL354, RPSI0, and RPS26, using high-resolution amplicon
melting analysis. He was also screened for RPSI4 mutations, which
are a causative gene for 5q-syndrome. The results showed a sepa-
rated signal derived from the heteroduplex polymerase chain re-
action product from the third exon of RPSI0. Direct sequencing
analysis of the polymerase chain reaction product and the cloned
amplicon identified a heterozygous mutation (283_306delinsTGCC)
(Fig. 1). This mutation resulted in a frameshift at codon 95 and a
“stop” at codon 100 (Fig. 2).

DISCUSSION
Nine RP genes, RPSI9, RPS24, RPSI7, RPLS,
RPLII, RPL354, RPSI4, RPSI0, and RPS26, were
screened in 64 Japanese probands with DBA. Screening
identified 8, 6, and 3 patients with mutations in RPSJI9,
RPL5, and RPLII, respectively, and a single patient
each with a mutation in RPSI7, RPSI0, and RPS26° and
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5" Segquence of the cloned mutant allele

3!

TTGT GC T TGCC&CCCT“ GCCAGGCCTCGGCCTA&AGGTATGGT TCCCARCARC
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CGCCGTAGCCGTCCAGAGACTGGC>TGCC

FIGURE 1. Sequence changes and frameshift in the RP570. Direct sequencing showed a separated signal derived from the heteroduplex
polymerase chain reaction product from the third exon of RPST0. Sequencing of the cloned mutant allele identified a heterozygous

mutation (¢.283_306delinsTGCC) and frameshift.

(unpublished data). In total, 20 (31.3%) of the Japanese
DBA patients had mutations in'RP genes. This is a slightly
lower frequency than that reported in Western countries,
although the data from both populations are based on rel-
atively low numbers of patients, and data showing sig-
nificant differences between populations are lacking.

The RPSP10 gene is located on chromosome 6 and
contains 6 exons, with the start codon in exon 2. RPSI0
encodes a protein of 165 amino acids, which is a component
of the 408 ribosomal subunit. To our knowledge, this is the
first report of a Japanese DBA patient with a mutation in
RPS10. The mutation (283_306delinsTGCC) results in a
frameshift at codon 95 and the premature termination of
codon 100. This novel mutation has not been reported in
the literature. Daherty et al® identified 3 heterozygous se-
quence changes in RPSI0 in 5/117 probands, with no evi-
dence of mutations in any of the known DBA genes. One
sequence change was a missense mutation 3G > A (Metl to
1le), which eliminates the start codon. The next downstream
start codon is located at nucleotide position 61 to 63 and is
predicted to start translation of a truncated protein. Another
mutation was ¢.260.261insC, which results in a frameshift

Deletion
283

at codon 87 and a “stop” at codon 97. Three other pro-
bands contained a common nonsense mutation, ¢.337C > T,
causing an Argll3 “stop.” In our case, the mutation seems
to be the result of both a deletion and an insertion. These
mutations are very rare in DBA. To understand the mech-
anism of mutagenesis, we examined RPSI0 psuedogenes
(PRS10PI to RPSI0P3I) to see if this mutation arose from
interlocus gene conversion. However, we could find no evi-
dence that the. mutation arose due to gene conversion. The
authors estimated that RPSJ0 mutations were present in
about 2.6% of the DBA population. Although more in-
formation is needed to estimate the incidence of RPSI0
mutations in Japanese DBA patients, the frequency of
RPS10 mutations in the Japanese population was similar to
that in Western countries. All the RPS10 mutations observed
in patients with DBA, including our case, are nonsense or
frameshift mutations. Nonsense and frameshift mutations
are likely to be pathogenic in the majority of cases; however,
determining the pathogenicity of a particular. missense mu-
tation may be difficult. '

The RPSI19 protein plays an important role in 18S
rRNA maturation in both yeast and human cells.!®'3 Other

306

ACCCTACGCCGTAGCCGTCCAGAGACTGGCAGGCCTCGGCCT

AAA

T LR RSR PE TG RP RPK

,.,

Insertion

ACCCTATGCCAGGCCTCGGCCTAA

T L C QA S A

* (stop)

FIGURE 2. Deletion and insertion of this patient in RSP70. The ¢.283_306delinsTGCC mutation resulted in a frameshift at codon 95 and

a “stop” at codehn 100.

294 | www.jpho-online.com

© 2012 Lippincott Williams & Wilkins

— 122 —



| Pediatr Hematol Oncol » Volume 34, Number 4, May 2012

Mutated RPST0 Gene in DBA Patients

studies demonstrate alterations of pre-RNA processing and
small or large ribosomal subunit synthesis in human cells
with RPS24, RPS7, RPL354, RPL5, and RPLII defi-
ciency,'*1¢ Increased apoptosis has been demonstrated in
hematopoietic cell lines and bone marrow cells deficient in
RPS19 and RPL3SAMI7I8 Tmbalances in p53 family pro-
teins have been suggested as a mechanism of abnormal em-
bryogenesis and anemia in zebrafish upon perturbation of
RPS19 expression.!? Also, the DBA phenotype in mice was
ameliorated by knockdown of p53.2® We hope to use hema-
topoietic progenitor cells to investigate why mutations in
RPSI0 affect erythropoiesis in DBA patients.

Patients with “classical DBA” fulfill all the major diag-
nostic criteria, including anemia presenting before the first
birthday.! However, a definitive diagnosis of DBA is often
difficult because of incomplete phenotypes and a wide variation
in clinical expression. This particular patient presented with
macrocytic anemia at 6 years of age, with no family history and
none of the congenital anomalies described for “classical
DBA.” The identification of pathogenic mutations in RPSI0
provides a definitive diagnosis of DBA in this patient.
Although the use of molecular diagnostic techniques is essential
to establish a definitive diagnosis and research the cause of
DBA, such a diagnosis in only obtained for 30% to 40% of
patients. Therefore, it is important to identify all genes that
cause DBA if we are to improve the efficiency of molecular
diagnostic techniques and wunderstand the pathogenesis
of DBA.
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5. HHAEERIEICET S
T 1A TR

o ey -Em kR

Yamaguchi Hiroki Dan Kazuo

HABERIASE MBASR D #E 2 TEER

JISummary

Dyskeratosis congenita (DKC) (&, #REFLE, MOEH, SLEOHERREEH#D

BEREUEBHEREETHD, TOAT—EESHEERTDEETE, Shelterin EAGEEBRT
B TINF2, TOAS—EESHEKAD Cajalbody ZHB1TE D ICABI #* DKC DEETERF
ELTHEEES N, DKCIE, InODBEFEEFEROFOATHETRSIC, HEEE®M
BAMHDEIETTOATHERLEL, TOEEEMHMBAREDIBEEICEENE U THRE
THBEEEZONTIND, UL, IRAEUTHIILEEERIES, e0LDHREDRINICLD

MlGAEENFINDS.

i

T AT EREEORERICTFET 20K
LEH # 8D DNA (& TR 5 -TTAGGG-37)
L, ZCRET AT AT —EHEHSP Shel-
terin @& UL EDEL2DEHEPLBREAT
WEY, TUATIEEFOBE»SL, HOBRTE
72 DNA SIEiRE & XAl R 41, DNA DR E
B bREfPREL, MENBLIOERNEZE
EFEEROEEXELTNBY,

LM DB, SELD L - ERE
B, BREOHEERVET ETOATREIEE
L UMIRE Y AL T 2, MlEZlE v BERy
FHoNE2P, TS EADOREIC DNAER

BiTbhaed, V—F 4 YIHEEEECIE-3
NEQEMLT, SFTHEEKORE 7 Z 2
A P58 200 bp BENR- L 2B ICERIDI-D
DTFZAT—BERINE 0, 3 KiFDO—EIX
AP RTBEERZLDTHE Y, 2, R
KEBARI KR TIAT—ERINTS, &
BS54 2—@E DNAKE#RIShZ VLD, T
AT O LTET LY, L L, &
MMM EEMEL ETE, TrAT—Eick
2T RATROBEBEVTORE D, EICH
RSB RETHE Y,

T, COTUATROMEMEDEE,
Dyskeratosis congenita (DKC), —H O B4R
RHEmCEMER G, SREMGEED

DKC (Dyskeratosis congenita)
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EH1 DKC OBHHNEHFE
DKC 0R#ME AR R 27 Y, £ LB TOMBREME, &EE: BRERRE, TE:

INDEHE,

FREFEES N, &5ICRHEESERE, SUF
BEME AR, FFEEL EORE~NDEES TR
NTWB7%, KWTE, DKC A LB EE
REEE T ATHIBERECELTHHT 5.

1. DKCIZHITS
TOXAT7EEEETER

DKC G#ReaRE, MOERE, Hi L OME
HBLAE 7 £ 5 B8~ 2JE (Bone marrow failure:
BMF) T, 10 % $ I8 80% Bl Lo Eslc

(FEEREM)

Ih b ORBIEEH RS L BMF 2F#iE T
% (E1)7, 2L TERMSCS, BHFETENR,
FiRE, BEE, WORY, EERE, BEO®
%, HELREDZHLEHIEDL 15 ~ 25% DIE
Plc@ooh, F/-8%OEMNCKE, LWE,
HLE ORF LEELIE L £ OBEERY, B
BEEILAEMREE (MDS), Hodgkiniw, SEFE
HHMFEE EDEMHFERDOFHENED LN
37,

BEHR G XEEHSEREDLF 35%, ERE
HEEBEESH 15%, EREASHEEERPE%

BMF (Bone marrow failure ; BBIA£iE) MDS (BB A RED)
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5. BRAEERECSIDTOATHERE

R1 FOXTHEERTEELRRE

| REHEEEY | DKCICHPRREE | ZEOWpe | 0 BE
3q21-28 5~10% Heterozygous | AD-DKC, AA, ET, MDS PNH, PF
Heterozygous | AD-DKC, AA, HHS, PF
5p15.3 9
op15.33 5% Biallelic | AR-DKC, HHS
Xq28 30% Heterozygous | X-linked DKC, HHS

5@35.3 <1% Biallelic AR-DKC

15q14-ql5 < 1% Heterozygous | AR-DKC
17p13.1 < 1% Biallelic AR-DKC
14qll.2 10~ 15% Heterozygous | AD-DKC, AA, HHS, RS

AD-DKC: ¥#EABIEEER DKC, AA BAETRRLER, ET: ABEM/MIIE, MDS: BRERIREESR, PNH:

EIEMER TS0 VR, PR i#E#EE, HHS : Hoyeraal-Hreidarsson syndrome, X-kinked DKC : X #8451
JB{EHE DKC, AR-DKC @ ##EMALMEEE DKC, RS Revesz Syndrome
DKC RFCHEBLA-BEEFERICIOT oA T7HEMHELL, FOFRENHHEEL L OBEEICRBENEL, BT

EEPHRERLE, TOEH, ThEOMBEAREDERIERINELEZLATNS,

SEDLNB L, B DK 40%E < AR
ThHd7, EF, TUAS—CLEEGEPHERT S
BIEZTEHTH B, DECI, telomerase RNA compo-
nent (TERC), telomerase reverse transcriptase
(TERT), NOP10, NHP2, Shelterin # & % # AL
9% TRF-interacting nuclear protein (TINF2) ,

AT —EEEEZZERAO Cajalbody ¢ %ﬁéfi‘
% TCABI " DKC 0 EEEME T L LTRES N
(F&1) 0, DKCRINHDBEEFOEFRIC L
DFaATHEEMELL, ZOBRENESHEL Y
OREERICEZFEL, SBDERIEREND
EEZLRTVAT,

%7, DKC O¥fESEE, MHAER, SBlREED
BRETUAT7ORMIMECORECIIHEBEL AL
h, BRODKCOBER L EZLh TV S
Hoyeraal-Hreidarsson syndrome (HHS) &,
DKC & B L TTFuaAT7DEHEN»EL WG
Shtwns ',

HHS @B ROYEHICERMA SR HRET 2

CCER7 & %)

BEMERRTH 5. BRASIEMINC Z/NEE,
INBHETE L, REFERE, HEREE, Bt
NK i oK T, MEtaEreE2&HL, K
SZEOREL 10 REIBTHTT 2 2, BEER
DREZHIXEHEEBRBEZOBREIATER
2, WROHHS dWMESNE LD ko7,
BIEDOHETIE HHS @ 1/3 0EfELRT
OBEEFEARIEREESEEERESA TS Y,
HHS BHMZ UL7-FERELTEL LN TS,
Z 0% HHS (& DKCI, TERT % ¥ O 51 X 7Hi#
BETEEPHRRSH, DKCOEEREE LS
nidEoEmolm,

2. XEHLHERED DKC

DKCI #&{x-F (DKCI) i, #ffkXq28 ki
—R&h, XEHZ l&@fﬁ B o DKC 0JRHE
ETFTH %, DKCI i & > THIFR & 15 Dyskerin
3% N E H @ small nucleolar RNAs (snoRNA)

TERC (telomerase RNA component) TERT (telomerase reverse transcriptase) TINF2 (TRF-interacting nuclear protein)
HHS (Hoyeraal-Hreidarsson syndrome) DKCI (DKC] #fzF) snoRNA (small nucleolar RNAs)
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ek
H L ¢ 1132 amino acids

T 12 A B CD Ef BN BNV
it i 4

Telomere

RNA

TERC

Telomerase

'}
s, template

2
E=3
Ts
o2
3 §&
2;
b3
Core pseudoknot
(CR2 and CR3)
R g
%
2
A

Reversedranscriptase  GAtermiinal
motifs region

CR4 and CRS

H2 FO*S—EESHK
TERCIIBEEH T2 RXBE#HRL, 5 Hld pseudoknot K XA > & CR4-CRE FAA id
TERT LEHL, TRAS—EFRECHS LTS, —F, 3 #d boxH/ACA KA A /%
Dyskerin 7% £ @ snoRNAE H £ #& L, CR7 F A 4 > {3 small Cajalbody RNAs & B

(scaRNAs) & CABbox #/T L THET 5
bility iCB&5 L T4 3,

D—DT, boxH/ACAR A4 %L, o
snoRNA T# % NOP10, NHP2, GAR1 L #&
KEE R L, ribosomal RNA (rRNA) @ process-
ing % pre rRNA D5 #EY OFIREEE (pseu-
douridylation) BEEL T3 E&EZL5ATH
%', %7z, Dyskerin # &% snoRNA EEHZ
TERC D boxH/ACA FAA V&AL, 7a X
Z—BHEEMD processing & BELDEEZ R

ZET, TaRAT—EEEED processing ¥ sta-
(CHkO & D )

7eLTw3 (B2) ",

XESHH D DKC E T D DEKCI DERICE > T
FIERIINEEFZLNTNEY, ZOEED
ARZ I point mutation T, large deletion A
TOAABERBIWHCTH 2, ThIEDKCID
knockout v A G RBYBHZEI T L5,
Dyskerin 3#BOEFICHEDEHTHE 120
TRV ETFRINE"Y, DKCIDEREGF

rRNA (ribosomal RNA)
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5. ERTEEERFICHTDTOATHIHESR

exon 3, 4, 10, 11, 12 CEHBHLTHBY, FT
% exon 11 @ PUA pseudouridin & & B £ ©
F—T7 LICEZ OEEVPTEDLENS, R,
DECI BEDF 30%I1258D 5405 A353V (F hot
spot £FEZ HTEY, TERC & snoRNA @ ac-
cumulation, 71 A —EiEH, rRNA process-
ing % pseudouridylation ICfEE % 5 %, DKC @
BREANDBEENRENTEY, £/, TruB
pseudouridin FEREF — 7 OFET % HE
DEHETHS S121GHP RI158W 35, DKC DEJE
MrEzb5hTs HHS OFEREZRTIEE
HEHREDETHS P, L L, DKC & HH i ic
ROLNLEESHFMLL, BEI(IE DKCDE
SEEE, HHS L OB EIC AL EHZ 1P, &
542, DKCI @ promoter %8 18 {2 332> @ GC-
rich cis-elements 3FE L, Spl & Sp3i &V
DKCI OFBEVHFHT I T %, £ Spl bind-
ing site DEETH 5 — 141C/G HIDKCI DFH
BZETEEDKC2FESEDL I Lrfitdh
TH Y, DKC X Dyskerin DERICL 2B R E
BRI THL, BZEETHRIET S I LHVR
BERTH3B 7,

DKC o7& LTIE, DKCI D exon 12-15
DRI F /=1 exon 15 D & R $ % Dyskerin
hypomorphic ZE v A TOMFHHTHA T
2, 2O DKCI DEBEE L ETFIELET
WY ATE, BRYOHE2HNAREFTIic DKCO
REFEFPHBING, HRENZ &2, DKCOE
BRAPEHINGE2HRE TE, rRNAOD
processing ¥ mTERC DHERE 71 A 5 —EEHE
DETEEDLNDL N, TuATEOEMEIH
AENT, BAHMRELE A >TLIRLTUATE
D EVEDLENE P, 2D L id, DKC DR
ROBKIZY BV — LOBEEEVNEESE LTS
ZEERLTWVS,

3. BRefFHEREO DKC

1) TERC & TERT BEFEE

EREfEEEE O DKC 0RREEFE L
TR, 7RaAS—EEEEDTERC & TERT H3[FEE
ENTWVB, TERCIZHEIMK 3g21-28 Eica—
R34, EHCFHRINE V451 bpDORNA L L
TTFuA7HEBICEBTZ2HHORE ZL T
5V TERCIEZBEET2REERERL, 5 o
pseudoknot K XA > & CR4-CR5 R XA i3,
TERT EFESLTTF AT —EHEEICHASLTO
B0 — 35 3l @ boxH/ACA R X A4 > i&
Dyskerin % ¥ ® snoRNAEH & #&E& L, CR7T B
A A4 % small Cajalbody RNAs & H (scaR-
NAs) & CABbox #/T L THET AL T, 7
A S5 —BEEED processing % stability 2 5
LT3 (E2)"", scaRNAs EH 3&HN D Ca-
jalbody (Z¥E7E L, snoRNA & [E#£ic rRNA &%t
L T ® pseudouridylation ° methylation % £ %
BEiTAMELDHLLEFLLAT NS Y, —F,
TRAS—EHEBRCBOTHEEREZEOEE
b DTERTE, @& 5plbica— R & h
TERC binding D#gEH3H % N-terminus, 7200
conserved motifs »3% Y M BIE % b D re-
verse transcriptase (RT) &, telomerase mul-
timerization D REHH % C-terminu D3I DD
region THERIATVE (K2) ",

HEREEREEEEIO DKC OBEIE, XEH
FMHEEE O DKC & B L THERPHRER RO
BENPBETOHLIENVZVLEVS I ETH
5579, Thid, BEOFR4£E DKC T DRCI &
BRREDENT, TORZJHIC BT TERC®
TERTOEEVRED LWL b bHHSH
2879 Invitro DYEEEFENT T, TERC DEERL L 7%
% ECH O Z E 13 dominant negative IR TF 1

scaRNAs (small Cajalbody RNAs & H) RT (reverse transcriptase)
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BE TOX7PERLMER

V4 BEED/INY T~

MR pegrren

i >

=3

B3 DKC ORIEWF
DKC @7nX7HEREFERCLZ T A7 HEMEDCRES, HRKEE, MHLIRED
BRCERTHS, TuAT7TEHEEGETFEROTUATHEOCEEVEREDCSED, HAR
EPMEPEATORWIEER, DKC ORREEFTRSHE L &0 TFREE DKC # i

THEREEYH S,

A7 —CEEZHIFTIE L0, FOMOERI
haploinsufficiency IR %R L, 7t 7—EE
HOWIHOBEIITHL, T L3EREEENE
BREL D DKC DERPHRERTROZELVEE T
HE—DOEHEELTEZLNTE Y ¥, %
Tz, ETFNVRUATHRABKOKENBLATE
O, BHBROD DKCI BFER> I AVE2HREZ T
I DKC 0RBRBHHII D DK LT, TERC
% TERT O knockout ¥ AT 1 R & 27
A7 OEMENED LN, HRIEDICORTH
FECHRBFEROXE, S0l EEEs Y
%, BETEHILERELEO7R =A% Y
DBERDENDE & H2% 3%, DKC DEBRE IR
ERA YRR

L»L—F T, TERT DEE%H T 5 HHS 0%
REZRTEMAVPEELTEY, ChHDHEET
ZEOFUPHT VIVOEREDERER EH DKC
ORFBNCHEHS LT 208EENH 2, Fi,
TERC DEENPZD 5N DKCDRRICHBWLT

(EHERR)

B, ERIEDICONTREFHRVEZY, T
AT EDBHOBEE o> TL 2 HAEERSH
HHLhBE®, ZOZLFFBROTYAETILT
HREBOERME LN TEY, DKCOERBRE I
BHEROEEVEELREZ L T2 FHEA
3% 21T, Fanconi i ¥ OfhDBEEMN
BHEN SR D FRAEF I IED 10 MU T LD
LT, DKC & 15 BRI T, FE0E < OEHD
BATEBHEShTHE I Ens, HREEETT
b DKCoRBBICEE L REZ LTV
3LTHEING (B3) %,

2) TINF2 BEFEE

RS, Refafk 14q11.2 BICTFET B TINF2 D
TEPERCHEEEEHODKCTRIES 1
7222 TINF2 (I Shelterin @& # BT 3
TIN2 #a2—RLTWw3*, 7u X7 DNA DK
KIEEALE, DNA @ 3 REHEL (F—/3—n
VAT > T3, i, WERHEDT
TAT7EIFT O TTA—FEEh s
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5. BETZEBRECHSIDTOXATHEES

4l
4),0"4
gy
(o 7%
e

Hexamer

E4 Shelterin &1

T 1 AT DNA OBRREAALE, DNA @ 3 RN (A== LT—RBIcE>T 5, &

o, WEBHOTOATEHVEP > TT—FEMENBEEHR LY, TOF—IN—N2 T Lle—KH
DNA &, #0EHOTFa A7 ZAKHOFIZAVIAB DN — T2 RT3, Shelterin HEMKIZ, TOBE

M BERRPRELE 21T>T0 5,

LD, TOF—IN=NT LR DNA 3 #
DEROTARAT ZAREOFIZAYASL, Di—
FEERT 5, Shelterin BEHE I OHEM
RBERRPRELERT>T 5%, Shel-
terin EEHRII A DNA L& 5 TREL &
TRE2, —48§ DNA (Z#& 7 % POTL, @b
EH2HAIYEEHh2ERT2RE R DD
TIN2, RAPI, TPPITHE R I LT 3 (K
4)*,

TINF2 DRI DKC O 10 ~ 15%icED 5
#, DKC1 ORIZHZ L BDOLNEBEFERTH
37, TINF2 DEEDZ < 7 1O point mu-
tation T, B LM TRF1 EDFEE R AL 2D
o R 282arginine DEETH B, if:, #
DMDERDORZHS 2N 282 EEOER
%D,L@@@#nmvwﬁmtbfi%fbé
ZEeERBLT VS, TINF2 OEEOBEECHEL

(XHRO & 9 &)

TRARLEBL BB A, TINF2 O knock out
TUAGRERIEE w5 &b, TINF2 (35k
DEFCLEDEATHS ENTFRINE Y,
7z, TINF2 @ conservation region D& 83,
TRF1 & OFEED T E %4 { & % Z & T Shelterin
BEBROREVREINLIOTRLVPLTHES
nTws?,

4. BReEdsERO DKC

EREESEEERE O DKC 0EERD L <,
EEOI~2%LPADLIENT, ZThET
WWRAEEFE LT, Bk TERT % snoRNA
T & % NOPIO, NHP2 W HIE & LT 3 (R
1), EREHREEEREIO DKC k@ bh
7o TERT DZERE, RT FAAL VOHICHET S
R811C £ ROOIWDHRELEETHBE P, Qb
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BE TOAVERCMBR

D7 B D EE 13 haploinsufficiency 1 & T 5 o
A5 —BERZHBESELD, RELETHEI):
7R T—EEEORITHHE {, DKC % HHS
DORBFAEERT, Lrl, CHS5DTERTERD
DKC #ER XV R A S B EE (T HE
T, REIICEFDONTFODERLZE T2 THE I
BETEHLZVDKCOEFEE EZLNEE
BEEHELTEY, HAEEPEATHRVADIZ
DKC OFRBEMBHTOEWHLETHhd Lk,

NOP10 % NHP2 (%, Dyskerin % & & snoRNA
BEBERHK L, TERC O boxH/ACA K AL &
EEL, TRAS—EEEMED processing & &
EFDOBRE#HLLTHBE D, ZhEFTWR
NOPIO (3 REERED, NHP2 IREERLTET Vv
WVERDEDLNTVEN, Ih6DER k-
T TERC DFERVIWA L, 70X F—EEEDH
$¥92Z L TDKCHERETZIEEZLNTL
%%

W, BHMORREBREFICERE2E DL
DKC 2EFIC BT, TuX ST —Y¥EEEHEDK
OERTHS TCABI (ST T VLV DBIETFERD
FREIN'Y, TCABI & TERC & CAB box #77
L TH#E&E LN O Cajalbody 2 #47 &+, Dysk-
erin Mt D scaRNAs % Cajalbody iCERE I ¥ 2
ZETTuXs—EEEMD processing ##
LREDPDH B LEZLNT VS, TDTCABI D
NTOERRETLRENVDKC ORBEZRL
TWRWI &R, invitro TOBEBEIRITEEREN DS,
TCABI 3 EREELMEER D DKC 0ERBERET L
EzbhTn3 ',

5. X*2Em DKC

FRANS 7 > TRBE BT R 2 D TR 5%
HET 5, AERODDKC DFEVHL Mo

72, AE£HO DKC I, BRNICEIBETEYE
HIMPEMEVREGR L LBHSATVEC
EDZ L B RKFIC BT A EEATEEHEIR
BREVRERFONGEELL L OBHAEE
D2 ~5 %z FLMD DKC p338H b =1,
F&B O DKC DREBEETF & LTI, TERC
TERT, TINF2DHED¥H 25, BidO & 512
TERC, TERT ®Z 23 haploinsufficiency 158 %
AL, TuAS—CEEOREOBERE W
&, DKC mFEBA & 2 2 13 HAREERMEH
DEERBIENHD, 2O LIERDEGER,
HROFEVER T DKC OFRBRESBEET, T
R DKC ELTEMINZDOTREVILETE
5 (B3).

IhEFTRBETBEBEENOKN 1/3 DREHF
TuATEVERL, BETEURENOBEFEE,
TGS HIHIBEANOR G & OBEMIRB I N T
Teh3 =~ I b A EE DKC OFELHEL
WMo T, BEREEELE T a7
BOEMLOVBEFAREEMORRBICED L DI
BEL TV »EHLLTREV, L LAEE
@ DKC &, ZROE L i mBIHIEE 1T
iz, MEHEEE SRS EOBC /#E
A& KB H3 2 9 0 R4 % DKC [ »s B
F—ELTERINIYVTEIEVDHE20, WK

I ZPHEECTE LR AKEEETDH

5%~ 3 LAREHODKCE# A Y -
TTBEDIC, BHASEORKBICTOATED
HE#TE2EREATHILEELS,

6. BEBELTOXT
BEIEE Y = Vv —EER (WS :Werner Syn-
drome) RNy F V- FNTF—F-Fudx
) 7 fEERE (HGPS Hutchinson-Gilford Proge-

WS (Werner Syndrome ; ¥ x JLF-—fE{ZEEE)

HGPS (Hutchinson-Gilford Progeria Syndrome ; Ny F 2V - FNT7 4 —F - 7Pz ) PHERE
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5. BRMAEEEFHICDIDTOATHEERE

ria Syndrome) ICRES NI MBEEREZ D
TebTBEEERETHD Y, BRRERKE LTE,
BERGL ) EEOEHPEEL & DML X O
OMEHESHVHBEL, CIIEEEPEMHEE DR
EVERCEDOLND,

B, BEEO—DEEZLATVEITAETY
K- MLV EFEE (RTS: Rothmund Thomson
Syndrome) %, poikiloderma with neutropenia
(PN) OERBEFD—DTHSB ClborfS7 DERE
DIERERIIC DKC & Wi S W EF THRE S
724, RTS ® PN, DKC & 587 2 B a4k
HFTRZZ{BHBILEDH, ThHDERD
F—=IN—=F v T B LD BEGIOFEITRR I
T3, UL, ClorfS7 DERE % FE /- DKC
FEGHE, RMIMT e A7 ROEMHEIRADSEN T
B, TOIEEF, RRDT O AT EEMELIC
& o THRIET S DKC & 387 2 BE#F O DKC
DEHEZETREL TS,

%7, WS OEREETTHS WS BETP,
HGPS ORREEFTH 5 LMNABEFICE, 7
O AT EZHIET 5 8EEDDH S, WS ® HGPS T
BREBPHROT A7 ROMMELERD S D3,
MR TIE WS EBEFP LMNA BEFOFREL L
Wi, TEATEOEMELIED Lk
W ol kid, KR, KE, BB, HiR
nY, #RFhmbUIMBICREBEEDOT AT
HEABEPEET S L 2FRRLTVS, L
L6, BiOAE£B DKCE, ¥R Ta Xy
ﬁ@k@&%%?éfﬁ@%ﬁ@ﬁﬁ%r@bf
Vi Lk,

7. DKC DiafE

BIEDE A, DKC ORAIEREAEIES L
Ty, DKCOELERIE, EMEFCED

Bex e GHEL, BMBEOBEEEICLZ2 003K
ZHTHET Y, TREFTHFICHL TREME
MR HE (stem cell transplantation: SCT) »3%
AENTERD, BEOBHBENILECL S
SCT &, BHEROIRRMELE L £ OM&HHE, Hit
B, FORIRESELR & OWREEESED
L, ERAEFHRHmTH -7, DKCIZBWT
SCT DR EEFEI R OE B, EE, ik
&, MilbEe EoBRMOT v X7 HEMED
BECLIEERENDZ-HDETFHINTL
%, %0, fludarabine Z~—2 & L7 BH#
FEREIBIRTILE I X B SCT T, BB oiRHEE
HEEVPERI A, BHOEEMORDOLNS &
I o/, L L, BhiRo & 512 DKC @&
HHS 5 A28 D DKC T DRBEM T4
T, EQEIREFCHLTEDRIICED LS
2L T SCT 2179 b2 &\ o F-BRER I 42 S G 13 B
LI o> TRY, iz, MOBKNLEHT
FEHT 5 SCT AT, DRCZHfLToD
SCTRMHBOERBEEOEHVIVERLLS
HEEELDH Y, SBOEOBEESLETH S,
DKC OFHMAEEICN L TOREFEIEEE L
T, BLET&L Y anabolic steroid ® G-CSF &2 & D
BRMEDHE SN TELT %, #IZ, anabolic
steroid T & % oxymetholone (0.5 ~5mg/kg/
day) OWEIC LT, #2/3 OREFTIEFER
ZRLLOEMEIBDENILINT VS, C
#.Z T anabolic steroid (2 & 3 DKC O KRy
LWEBORF I TP TH /03, HE, TERTD
promoter #HBIC T b ul UEEHEESTD S
N, TrRaFrRIA babs Vi EoERLVE
CWT AR —EEEEIESIEE I EHREN
729, 0T Ehb, RAMBTRE S AE
o DKCIxt LT, anabolic steroid % £ i
L2BBIBHTHD LEDLNIS,

RTS (Rothmund Thomson Syndrome ; 2 ZE>/K - h

LY fEEEE) PN (poikiloderma with neutropenia)

SCT (stem cell transplantation ; BIMEHIZEAME) IPS (induced pluripotent stem)
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