1. Introduction

Dr. Fanconi, who noted a family with 3 brothers who had macrocytic anemia and several physical
anomalies, first described Fanconi anemia in 1927" . He made diagnostic criteria of FA including
1)pancytopenia, 2)skin pigmentation, 3)physical anomalies, 4)short stature, 5) hypogonadism and 6)
family history? . Schroeder et al reported chromosomal instability in lymphocytes of FA patients® | and
Sasaki et al found that chromosomal fragility was increased by mitomycin C¥ .

FA patients are at risk for bone marrow failure, myelodysplastic syndrome (MDS), leukemia and solid
tumor such as squamous cell carcinoma. The only cure for the hematological complications of FA
remains hematopoietic stem cell transplantation (HSCT). In recent years, HSCT from alternative donors
have become more popular and have been successfully employed ®,

This reference guide for the diagnosis and treatment of patients with FA is the result of a data of several
registrations and /or references by Japanese medical professionals for FA.

2. Diagnosis
1) Diagnostic evaluation of FA
FAis an autosomal recessive disorder associated with a high frequency of bone marrow failure,
leukemia and solid tumors. FA is a complex disease that can affect many systems of the body. Patients
are recognized when they have the combination of aplastic anemia and birth defects, but not restricted
to severe birth defects. Current diagnostic criteria are more extensive, and rely on demonstration of
chromosomal aberrations in cells cultured with DNA-crosslinking agents such as mitomycin C (MMC) or
diepoxybutane (DEB). Indications for chromosome fragility test are below.
« Aplastic anemia in a childhood
Sibling with FA
Characteristics birth defects
Family history consistent with FA or with cancer
Spontaneous chromosome breaks
Primary MDS at a young age
Acute myeloid leukemia (AML)/MDS with chromosomal aberration No1, 3 and 7
+ Unusual sensitivity to chemo-radiotherapy
Cancer typical of FA at an typical age (head and neck squamous cell carcinoma, esophagus and
liver

2) Diagnostic strategy for FA (Figure 1.)

If FA is suspected, the patients should be referred to a hematologist to arrange for MMC or DEB
chromosome fragility test of blood lymphocytes. Following DNA damage, the complex of upstream
FA gene products (A,B,C,E,F,G,1,L,M) leads to ubiquitination of the product of FANCD2 on a Western
blot with a D2-specific antibody. If diagnostic test results of blood are not conclusive and there is a
high probability of FA, skin or bone marrow fibroblast cultures are required to demonstrate sensitivity
to DNA-crosslinking agents. FA mutation analysis determines the initial complementation group. Gene
sequencing can be performed to determine the relevant mutations.

43

— 123 —



Clinical evaluation (bone marrow failure in childhood,
physical exam, solid tumor at young age and family history)
chromosome fragility test in lymphocytes and/or

FANCD2 immunoblot

Negative tests in blood but

No breaks e Increased breaks and/or
" . positive findings for FA and/or
No p?sxtlve FA signs family history abnormal FACD2 pattern
Negative l Positive l
wrasserennaneesas Chromosome fragility test, [ == ] A
FANCD2 immunoblot and/or '

Standard treatment FA genes _an?llay S'Sl(FA sub- FA genes analysis
*Detection of other grouping) in fibroblasts (FA sub-grouping)
congenital bone marrow FA regimen for HSCT|
failure syndrome Cancer screening

Figure 1. Diagnostic strategy for Fanconi anemia
*Shwachman-Diamond syndrome, Dyskeratosis congenita, Congenital amegakaryocytic thrombocytopenia,
Pearson syndrome and Diamond-Blackfan anemia

3) Severity of bone marrow failure (Table 1)

Aplastic anemia for FA is also classified on the basis of severity of acquired aplastic anemia in Japan.
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Table1.  Severity of bone marrow failure (modified by 2004)
stage 1 mild except for the following
stage 2 moderate with more than two of the following
Reticulocyte <60,000/ul
Neutrophil <1,000/ul
Platelet <50,000/ul
stage 3 moderate to
severe with more than two of the following and *periodic red cell transfusion
Reticulocyte <60,000/ul
Neutrophil <1,000/ul
Platelet <50,000/ul
stage 4 severe with more than two of the following
Reticulocyte <20,000/ul
Neutrophil <500/pl
Platelet <20,000/ul
stage 5 very with neutrophil count<200/ul and more than one of the following
severe Reticulocyte <20,000/ul
Platelet <20,000/ul

* Periodic red cell transfusion needs more than 2 units of red blood cell for a month.

4) Differential diagnosis (Table 2)
Table 2 shows inherited bone marrow failure syndrome with physical abnormalities. Chromosome
instability syndrome was a group of inherited conditions associated with chromosomal instability and
breakage, and the following chromosome instability syndromes are known: xeroderma pigmentosum,
Ataxia Telangiectasia Bloom syndrome and Nijmegen syndrome.

Table 2.  Inherited bone marrow failure syndrome
FA DKC SDS CAMT Pearson
Reports >1000 >225 >300 >45 >60
Genetics AR (XL) XL85%, AD, AR AR, XL Sporadic
AR
Mutated genes 16 DKC1 (Xg28) | SBDS (7g11) | c-mpl (1g34) mt DNS
etc.
Age at diagnosis 76y 5~15y 4m 9m 6m
Physical 75% 100% 60% 40% Rare
anomalies
Pancytopenia 90% 50% by 10y Neutropenia 40% Unknown
of age 95%

MDS/AML >14% 0.4~1.3% 5~33% 5% 0%
Cancer 7% 8~12% 0% 0% 0%
Chromosomal + - - - -
instability
Prognosis The average | 80% died by The average 50% died by | 80% died by

life span 30y 30y of age life span 36 y 3y of age 3yofage
FA: Fanconi anemia DKC : Dyskeratosis congenita SDS : Schwachman-Diamond syndrome
MMC : mitomycin C CAMT : Congenital amegakaryocytic thrombocytopenia
DEB: diepoxybutane AR : autosomal recessive AD : autosomal dominant XL : X-linked
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3. Epidemiology
1) Arate of incidence
About 5~10 cases are diagnosed as FA, and the incidence nation-wide is estimated to be 5 in 1000,000
new born babies. The carrier frequency for FA in Japan may be 1 in 200~300 peoples”.

2) Prognosis
Of the 754 FA patients in the International Fanconi Anemia Registry Study, 601 (80%) experienced the
on set of bone marrow failure (BMF) and 173 (23%) had a total of 199 neoplasms. The risk of
developing BMF and hematologic and nonhematologic neoplasms increased with advancing age with a
90%, 33%, and, 28% cumulative incidence, respectively, by 40 years of age®. Ten-year over-all survival

of FA patients without HSCT was 63 % according to the reports of Japanese Society of Pediatric
Hematology®.

4. Molecular features

FA is a multigenic disorder with 16 genes currently identified (A,B,C,D1,D2,E,F, G, I,J,L,M,N, O, P,
Q). FANCD1, FANCJ and FANCN were identified as BRCA2, BRIP1 and PALB2, the breast and ovarian
cancer susceptibility gene, respectively. These three FA genes are associated with breast cancer in
heterozygotes. With the exception of the X-linked FANCB gene, the remaining 15 FA genes are autosomal
recessive. The most popular gene is FANCA (60-70%), and more than 80 % of FA patients belong to
FANCA, FANCC and/or FANCG. These FA proteins cooperate with other gene products, in a common
pathway (FA-BRCA pathway), which regulate DNA repair (Figure 2). The FA pathway plays an important role
in the proliferation of hematopoietic stem cells and tumor suppression. The FANCD1 and FANCN subtype
represents a malignant tumor in early childhood and their prognosis is very poor'® . On the contrary,
clonal expansion of hematopoietic cells with reversion mosaicism can restore normal hematopoiesis 2.

Related FA protein

FANCA, B, C, E, F, G,L,M (core),
FANCD2/(ID2)

The stalled fork activates the FA
pathway.

Interstrand crosslinks blocks
forks

H
A 4 Nucleases (FAN1, SNM1A,

- gt XPF=FANCQ, MUS81 and SLX1)

m % recruited by SLX4(FANCP) and

ﬂ/ﬁ’ \ monoubiquitinated FANCD2
make incision to DNA next to the

DNA cleavage by nuclease I

% crosslink.
Translesion synthesis past % % On the incised strand, translesion
the lesion ———a synthesis polymerases are recruited
M to replicate DNA past the crosslink.
i The break is repaired through
e homologous recombination
\ / involving the FA proteins BRCA2
T ~.~"  (FANCD1), PALB2 (FANCN),
Homologous recombinatioﬂ A AN BRIP1 (FANCJ), RAD51C

y \“’“’Q (FANCO).

Figure 2. Schema of FA-BRCA pathway and interstrand crosslinks repair
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5. Clinical features

2) Physical appearance (Table 3)
Table 3 lists the physical findings that have been reported in FA in literature and Japanese FA patients. It
must be noted, however, that 25% or more of known FA patients have few or none of these features. The
most frequently characteristics birth defects in FA are skin hyperpigmentation, café au /ait spots, short

stature, abnormal thumbs and radii'".

Table 3. Physical finding in Fanconi anemia

Abnormality Reported in Japan
literature
Skin pigmentation 40% 79%
Short stature 40% 71%
Thumbs 35% 54%
Gonads
Males 25% Total 8%
Females 2%
Head/Neck 23% 13%
Eyes 20% 10%
Renal 20% 15%
Ears/Deaf 10% 16%
Lower limbs 7% ?
Cardiopulmonary 6% 16%
Gastrointestinal 5% 13%
3) Cancer

Patients with FA are at a particularly high risk of developing MDS/AML and specific solid tumors unusually
young ages, including head, neck, esophageal, and gynecological squamous cell carcinoma. In the
literature cases, about 15~20% of FA patients had hematologic neoplasms, and 5~10% had nonhematologic
neoplasms 81 '®_Of these neoplasms in Japanese FA patients, 33% were hematologic and 10.4% were
nonhematologicm. Solid tumors were observed both after and before HSCT, and developed of a person, the
ages between 1 to 39 years old (Table 4).

The types of cancers in FA patients are summarized in Table 5'°.

Table 4. Reports of Cancer in Fanconi anemia

Report Alter™ Kulter® Rosenberg™ Yabe™

Year of observation 1927-2001 1982-2001 -2000 1986-2010

Number 1301 754 145 96

No of HSCT 220 (17%) 219 (24%) 44 (30%) 86 (90%)

Male/Female 1.23 1.05 1.10 1.00

Median age at 7 (0-48) NA 5 (0-45) 4.4 (0-24)

diagnosis, years (range)

MDS/AML 205 (16%) 100 (13%) 32 (22%) 32 (33%)

Cancer 68 (5%) 67 (9%) 13 (9%) 10 (10.4%)
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Table 5. Cancer in Fanconi anemia

Type Male Female Total Median age,
years

Head and Neck 13 13 26 28
Esophagus 1 8 9 27
Cervix - 3 3 25
Brain 2 4 6 3
Genitourinary 3 3 6 3
Breast - 4 4 37
Liver 20 14 44 13
Lung 3 0 3 29
Lymphoma 1 1 2 1
Gastric 2 0 2 28
Colon 0 1 1 21
Osteosarcoma 0 1 1 7
Retinoblastoma 0 1 1 0.3

6. Treatment of hematological abnormalities

1)  Blood transfusion

FA patients would be transfused to maintain minimal trough hemoglobin of 6g/dl and minimal trough
platelet of 5,000/ul. Clinical adequacy of the transfusion regimen should be continuously assessed by
patient’'s subjective symptoms and bleeding episodes.

2) Hematopoietic growth factors
Patients with severe or symptomatic neutropenia (neutrophil count <500/ul) may benefit from a
granulocyte-colony stimulating factor (G-CSF). Erythropoietin is not used for anemia in FA patients.

3) Androgen therapy

Immunosuppressive therapy is not recommended for FA patients, because the cause of bone marrow
failure should be hematopoietic stem cell damage. Androgens have been widely used for the treatment of
cytopenias in FA. The effects of androgens were recognized in half of FA patients, but its effect seems to
have lasted only temporan!y . Androgen may exacerbate the risk of liver tumors, and prior exposer to
androgens is the one of the risk factors affecting survival after unrelated transplant'®. Metenolone acetate is
used in Japan. A clinical trial of danazol, which has less virilizing side effects, is currently under way. The
use of steroid hormone should be avoided.

4) Hematopoietic stem cell transplantation

Currently the only cure for the hematological abnormalities of FA remains HSCT. The use of high-dose
cyclophosphamide (CY) and radiation in preparative regimens for FA patients often resulted in excessive
organ toxicity and death. The use of low dose CY (20-40mg/kg) combined with 4-6 Gy of thoraco-abdominal
irradiation (TAl) or total body irradiation (TBI) resulted in reduced toxicity, improved the outcome for the FA
patients transplanted from HLA-matched sibling donors . Non-radiation regimens have been increasingly
used for FA patients to reduce the second malignancies associated with radiation?” 2" 22 29 HSCT from
alternative donors is more complex. It is associated with a higher risk of rejection and acute graft-versus
host disease (GVHD), and survival rates was lower than that observed with HLA-matched sibling donors.
The 3-year probability of survival in the 69 FA patients transplanted from HLA-matched unrelated donor was
33% by a study on behalf of the European Group for Blood and Marrow Transplantation. Extensive
malformation, a positive recipient cytomegalo serology, the use of androgens before transplant, and female
donors were associated with a worth outcome'®. A relevant proportion of FA patients undergoing HSCT can
now be dramatically cured, even in the absence of an HLA-identical sibling, espec;ally if the conditioning
regimen includes fludarabine®2)2)(Table 6). In Japanese FA patients transplanted using fludarabine
regimen, the 3- year estimate of overall survival (OS) for the 8 patients was 100% when donor was an HLA-
matched snblmg , and 26 patients out of 27 patients transplanted from an alternative donor are alive™. 8
Table 7 and Table 8 show the indications of HSCT for FA patients and recommended HSCT methods for FA
patients in Japan. We recommend bone marrow for stem cell source. Peripheral blood progenitor cell grafts
appeared to contribute to higher chronic GVHD, and chronic GVHD should be the major risk factor of
secondary malignancy after HSCT for FA patient®”. We also do not recommend unrelated cord blood
transplantation (CBT) for FA patients, because the risk of graft failure after unrelated CBT was hlgh”) .
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Table 6. Allogeneic stem cell transplantation for Fanconi anemia

Study Stem cell Conditioning GVHD N Median age Rejection Acute Chronic 2~3
source prophylaxis at HSCT, (%) GVHD GVHD years
years -V (%) (%) oS
(range)
Seattie>2 HLA- (044 CYA/MTX 9 8(4-19) 0 22 0 89
identical
sibling/BM
Paris ' >/ HLA- CY/TAI CYA 50 11(4-26) 6 55 70 59
identical
sibling/BM
Brazil<> HLA- (24 CYA/MTX 10 7(4-21) 0 13 7 88
identical
sibling/BM
Italyzs) HLA- CcY CYA/MTX 27 6(2-13) 8 26 13 81
identical CY/TAI (TBI) CYA
sibling/BM
Minnesota>> HLA- FIWCYIATG CYA/MP 11 NA 0 0 0 100
identical T-cell
sibling/BM, depletion
CB
eBm ') Alternative | CY/TAKTBI) CYA/MTX 69 11(4-37) 20 43 43 33
+ATG CYA/MP
CYAxT-cell
depletion
Minnesota-l) | Alternative | FIWICY/ATG/ CYA/MP 41 NA 2 19 16 52
TAI T-cell
depletion
JapanZI ) HLA- CY/TAI CYA/MTX 8 8(5-24) 25 12 38 100
identical (TBI/ATG CYAIMTX 7 6(1-15) 0 0 0 100
sibling/BM | FIWCY/ATG
Japans) Alternative | FIWCY/ATG/ | FKIMTXtMMF | 27 8(2-28) 4 1 31 96
TAI

EBMT: European Group for Blood and Marrow Transplantation,
ATG : antithymocyte globulin,
Flu : fludarabine

body irradiation,
MP : methylprednisolone,

CYA: cyclosporine,

CY : cyclophosphamide, TAl : thoraco-abdominal irradiation,
MTX : methotrexate,

Table 7. Indication of hematopoietic stem cell transplantation for Fanconi anemia

TBI : total
FK : tacrolimus, MMF : mycophenolate mofetil,

Disease status

Indication of HSCT

1. Aplastic anemia
Stage | (mild)
Stage Il (moderate)

Stage IV, V (severe
severe)

Stage Il (moderate to severe)

, very

Watch and wait
<10 years old: watch and wait

210 years old: BMT should be considered if the patient
has an HLA-identical sibling.

BMT should be considered if the patient has an HLA-
identical sibling.

BMT should be considered from HLA-matched or one
mismatched related or unrelated donor.

2. MDS and AML
RA

RAEB and AML

Same as stage IV, V of aplastic anemia

BMT should be considered from HLA-matched related or
unrelated donor, if the patient has severe dysplasia or
cytogenetic clones.

BMT should be considered from HLA-matched or one
mismatched related or unrelated donor. BMT also should
be considered from haploidentical related donor if the
patient has life-threatening disease status.

MDS: myelodysplastic syndrome, AML: acute myeloid leukemia, RA: refractory anemia, RAEB: refractory

anemia with excess of blasts
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Table 8.

Conditioning and GVHD prophylaxis for Fanconi anemia

Disease status HLA —identical sibling donor Alternative donor
Aplastic anemia and
RA Flu 25mg/m x 6days Flu  25mg/ni x 6days
Conditioning CY 10mg/kg x 4days CY 10mgl/kg x 4days
ATG 1.25mg/kg x 4days ATG 1.25mg/kg x 4days
TLITAI 3Gy (3gy X1)
<10 years old: CyA (1.5mg/kg x2/day) FK  (0.02 - 0.03mg/kg/day) +
GVHD prophylaxis | > years old: CyA (1.5mglkgx2/day) + | MTX (day1; 15 mg/ m?,3,6 and 11; 10mg/m?)
MTX (day1; 10 mg/ m?,3 and 6; 7 mg/m?)
RAEB and AML
Conditioning Flu 25mg/mi x 6days Flu 25mg/m x 6days
CY 10mg/kg % 4days CY 10mg/kg x 4days
ATG 1.25mg/kg * 4days ATG 1.25mg/kg x 4days
TBI  4.5Gy (1.5Gy X 3) TBI  4.5Gy (1.5Gy X 3)
GVHD prophylaxis | <10 years old: CyA (1.5mg/kg x2/day) FK  (0.02 — 0.03mg/kg/day) +
210 years old: CyA (1.5mglkgx2/day) + | MTX (day1; 16 mg/ m*,3,6 and 11;10mg/m?)
MTX (day1; 10 mg/ m%3 and 6; 7 mg/m?)

CY : cyclophosphamide, ATG : antithymocyte globulin
TLI : total lymphoid irradiation
MTX : methotrexate,

Flu : fludarabine,
TAI : thoraco-abdominal irradiation,

TBI : total body irradiation, CyA : cyclosporine, FK: tacrolimus

5. Future view

Patients with FA usually are diagnosed in childhood, and their registrations have been managed in the
Japanese Pediatric Hematology/Oncology society in Japan. Although adult FA population is small, it is
important to understand transplanted/non-transplanted adult FA patients, who have or not have developed
bone marrow failure, hematological malignancy and solid tumors. Fludarabine-based preconditioning
regimen can be used satisfactorily in alternative HSCT for FA; however, long-term observation of secondary
cancers and other late effects will be required to determine the therapeutic utility of this approach.
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EHE LI T 2 OXEHM/NERIE(RAFENE M iZRundles and FallsfEERE & 4 S bivi=(1), %
WZZ OB MITRMERIZEBIT D ~NLEMBROMEERTHH—T I/ VT U VBEARBEE (4LAS2) D
ERIZ R AXGEHMES RN (XLSA) TH D Z ENEHENTQ), B, EisthekFekitgmo
JFRE UTZDALAS2OEER S 5 L < HME SN TNDED, TOMIZHLE—RE 7 7 A X —ARK
cBIXICEDSELET. I b FUTDNABGT. 2 harv RUT IV AR—F —&EF, 2 b
2 FYU THRNABEERR T2 CEROBETOEENREINTWS, RUIERBEESIFRESR
& ZDRRBETFERT, 2L, REERFIRESRVEEESFHREZ N 2 <. BEHO
BEFLUMCBRRNE RDEGCTFRFEET HEELLN TV, BEEgFEREEn T, RREGTF
DREDZREMEN D, BIMPIAMIHRE « 72 OERICBRE 2RO IBENEL . E-AMLOEE
ELIFESETHD, < OBEHESSERMER I CIIERBEEN L2V E DD, XLSAD X 512
TRRWT - IRER R ENNIE, AROWENHFFTEDLHALND XA THHEETH D, EETF2ENC
L DMEEZHRNEETH D,

{5y /=W BT BinF bEr S
XLSA* XoE g Xpii.21 ALAS2 Vit B6
XLSA/A*  XEGHE Xq13.1 ABCY _
/Glsﬁxs BRGHLE? 1493213 GLRXS °
lscffs a3g BLEGEE 3p22.1 SCL25A38 ?
PMPS#** B IbarFY7 Ibarryy o
TRMA*#+* HRAEEH 2 1¢23.3 SCL19A2 Vit B1
MLASAx#*#x WRAMKEH?  12q24.33 PUS1 —
*X-E S G ERIE R o NRIRTEE & FE O XE SIS IEER R

##*Pearson Marrow-Pancreasit EEF wwincf 7 3 RS E RIS
wwwxx I hal FUTEEL M SSFRER M

F1 BEESFRER O OBEERGT

2. 2 W
1) B
BHICBT 2RRGFROBAEZ/H LT 2EMTH D,

2) P WrEkue
BRERIFER N B HRRFERD15% %2 2 5 (FABSHH)
MiE7 = U F oo, ReafgkiEaiERd 2R 5,
FRIEMZ TEGTERNHERTE R LON, EREESFREE ML OBEDZH & 705, KRR
IIEEMESRFHRMEE N A B IR TH 5,
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BEME TR OHEE OB WXLSAIT /MR KA RO TB IRBIEZFEE T 5,
BRSO ES  AMIALL EIzhT- > TIMELU EOSBER S EE (FHWHOSER)

3) 2O T —F % — K

BEMESIFREA ML, EFSFROFE, BERE, BEEICI VRV, EETFHETICX V28
ZREET D, FROF TOBGHENH LN TRWESIE, ElMEUNOMEM CEEFOEREZRER
L., BMHIRERTH D Z L 2R T 5, BERMEEEZEERMEE MO TIILLAS2ZE RIZ X A XLSADFHEN
BbmEWzo, BRT, BREEYY I VB MEE RO G E ITEBMNIC BRI E1T O,
XLSA DG EIIERALAS27: AMIE S B ORI T Zin vitto CHERR T 5 Z L L H[RETH B,

4) &R
DUTFIZET A% RS RN 2 BRI T 2R ER H 5,
I RPEERIEER M I

FEHRIME, N . UK. %

Toa—ntE  ~AEREERERE. ViB6XZ

Bl B ROE R
WH . BRUEEEFERMER I REER ., Bt DEINFERETH D03, FEIIE OXLSATES] b #
HEEINTHAZENE Q). BRFCEGMEE OBENZNEL 5, Ta—ik EEMO % RIS
PR MIZ DOV TIE, ATERRE, 1BEE>GERT 5, FEFIMRVIt Beloxt T 2HPERAZFRRE & LTH
JET D Z LNV, Vit BOIZALAS2OMEEZE TH D20, TORZIZE Y ALAS2IEMEDNME T LELIFER
MEMDORIEIZED, FIFHEZEDOINIZEDOREBHRERTHD, LRMOMERICEEIZBDO NI
ARREBEEEPEOONIGEIIETHAERRIEEHOZE L 250, AlOAH THRAEFRFEN 2L,
EZ I UBBICRIST AGEAIL. B THMITEEETHIETH D,

3. BE
3) FAELE
FEAEBEE IR D T CREMI BT — 2 137220, i b HE OB/ OB EHESSFER IR M IXXLSA T,

BTEE TR R, STHEODALAS2OERPERIN TS CREXREZED D, F2), 83fDEK:
PEERZFERPE R I FE B % fBAT U 7o KE DR T, ALAS2, SLC25438, mitochondria DNA, PUSIIZ
ERERDIZHEIZZNEN3T%, 15%, 2.5%, 2.5% T - 12(4), BEAEFEENIEYE GEEMEEIFEER
PR M OB & IERIEDOFESLEE) (Z CAH OB FEREE M OEREEZFELZE Z A,
EHRBRFVREE LTERT T X TALAS2EG T ERIZEI DXLSATH Y ., SLC25438, PUSI,
ABCB7, GLRX5,SLCI19A2BFERIZ L 2B EMESSFEREEMIZR O b -o7 (E3, 4) (5).
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P— No. of No. of e No. of
Ex. substitution pedigree Ex. cubstitution | Pediare Ex. substitution pedigree
4 L107p [ 3 $251P 1 9(2)
M1541 i D263N 2
26
E 1
: 1
1
i
1
1
C 1
5 L 10| Rrs17 2
i G 1
1 P520L 3
i H524D 1
1 K535det i
6 (2 1
(2} 10
a 2
i 11 i
Y 1
6 ) 2 (1)
3 2

F2. INETICHREINTWD XLSAIZEIT DALASKEIGFERE, PyridoxinelZ s ¢ 5 B B i3 MH T
TRY,

Age Position Hbat | McVat | or H e“zyga;g;‘z“"ﬁy
Case g Gend SF3B1 . of mutantprotein*
number at ender | of ALAS2 mutation onset | onset | by VitB6
diag mutation {g/dl) (M treatment .
(g.ldl) wio PLP with PLP
1 0 M R170C NID 4.8 525 1.7 64.1% 72.5%**
2 20 M R41iC ND 4.8 52.5 5.2 11.9% 251%™
3 68 M R452C . 6.0 67.3 No effect | 99.9% 94.0% et 1
4 17 M D190V N/D 8.9 66.9 No effect | 98.6% 98,59, fér20
5 36 M R452C - 74 70.0 No effect | 99.9% 94.0% ™
6 36 M M5671 N/D 6.5 64.4 34 38.1% 25,29, 21
7 14 M V562A - 84 61.2 a7 150.6% : 116.9% e 2!
8 31 M R170L - 4.1 50.8 8.1 31.1% 60.8%*
] 3 M R452C - 54 54.4 2.9 11.9% 25.1% o110
10 62 M R170L N/D 8.0 73.9 No effect | 31.1% 60.8%*

*% of WT, ™ presentstudy
3. EEPEERIFERMEE M O W o L IERIE DRELBEOFEM I L 0 R SN AL OBEMEEREF
EktEE M (XLSA)
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Age at Gene mutation
Case (?ia Gender | Family Hb | MCV | Response
number { |%8 history sLC sLe (gidl) | (@) | toVitBs
atasz | O | oirxs | asesr | 5G| pust | srast
Ex11
7 4 | ™ g 74 | 600
12 19 | M itfon | . . . . . 78 | 739
13 4 M A . ; . . . 66 | 73.6
14 o M PO A . . . . .| 39 |50
15 20 | m w | fowon ; . ; . . 76 | 820 +
16 0 M 68 | 881 ND
17 2 | M ND | WD | ND | WD i ND | ND | ND 112 | 69 +
18 % | M WD | ND | ND | WD i ND | ND | ND | 108 | 673 +
19 18 F + . . . . . - N 9.3 96.2 +

N/D: not done, *Vit B6 was not administered due to PMPS

#=4. BRI RMER M OB W o L 1RRE ORI IO FAENZEIC X 0 BER SN AR OB
ERMEE M (XLSALLSM)

2) BEREE - F1&
O THRIEROLD, B, REMITICBL CELEo@mENRRL, AATH S,

4. WRA - R
BEHSFRERALORRA & R 5BEFIIEED Y, TRETNOEEITRER->TWD, ~2E5/KIT
ShavRUTIRBWCIZ YV E AT V= VCoARERL, §—T I/ V7 U VEREREND AT
v FNBIAE DL, ALAS2IZHRMERICEB W THERMICZ 0BES 2 lltd 2BECTH Y, RBETOE
BIZEDANLAEBIARE2ERY, S bary FUTCOSMARENREZ A DLDEEZLNTVS,
SLC25A4381Z3 ha v RUTHIEIZIEET D F TV RAR—F—=ThHV, 7V Okt Es 1L Tnd
EEZLNTERY ., SFRMEEMORIEMFITALASIER ERFETHD Z ERFHRIND6), —F.
thiamine transporter G5 SLCI9A2BEFOERIZE DI har N Y 7EikaE 1%, thiamine/RZIZ X
HAYT V= NVCoOADTRENREEEZ BN TWD(T), 7272 L, SLCI9A2DZE R L D IFERMER I
XLSAL Ry M7 hFRALT 4 VLA DETRROONT ., ERREETH DO, XLSA
FRED~LAHREENRE TH D0 E S D 5B Th D, Pearson-marrow-pancreasiE E#f i<mitochondria
DNADKRFIZEDHDTH Y, i - i - S WHSRRIZEERRD biv, £ <ITHRIIETT 5(8).
BHROTEMEEFFIIA L E 72> TRV, HREHBETORFEICE > THOBITEENMEZY .,
TZxakl 5T —BIZL BT hRLT 4 ) ADOEBARRE L o TV DREENRE X BILD,
GLRXSIZA~ 2 E W SSRGS F THIH—E I 7 A X —DEKICEDL 8=+ TH Y (9). ABCB7IX
TOH—Es TAEZ—DI by FYThLOHHERY F T U AR—F—ThHH(10), WTILb,
SG—Fhth SR —DEEFBLUTI Far R TRZBITA%OMABEELZHETL BT
AN, FOFITIE TR, T72bb, GLRXSOZERIZ X 28E 1ZIRPE N L2 ALAS2IEMER TIZ X
BAHDEEZ BNTWVWAD, ABCB7TOERIZBWTIE, 2 bOFTRIFHRIN TV, PUSHE
tRNADERIZEE5T 2 BEFTHY ., ABETOERIZEY, I har R T TORAMISBEDORR
WCEERELDL LD EEZ LN TN, SFIABECEZEFENZRBEFICONTIRALNLR-T
W22V (1D, WTRIZBW TS, 2 hay N T TOSFABEEIZL Y, BRIZRSENI Fa v FIUTIC
WEL., BREHENROONDI L HICRD, ZOSHKBEREITMENOBLECRICEEST L, 7
A=V RAEFELEMOBEIIED EEZ DN TV S(12),
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13. BEREREEIR. BREFTR
1) &l
PRI VBRE~PEEEITROLND, KRBETFRRALUTH-TH, BRIZL > TEEE
NERD,

2) ~E/mr<v h—T R
R LM EIZ LY FOREITRRS,
HFEBGFIERZRD D E~EI u~ b= ZOEITHEENE VR, BARANTIEZDOERLEF
OEROEE TV 2N EVnbh TN,

3)E DDA HHE
ALAS2¥ L UNSLC25438LIM DB T ERIZ L A EEESIFHRERL OGS, I hav FUTH
REEZEICEIVICEY, EAREUANADIEERESE (Ataxia, REIET & F—I 2 S IBRE.
A LAY ARTEEREIR A, MRERR L) 2022035,

4)EJR T DR

XLSAVPNERPERAFEEREN, 25 OFERIRELZTD D, XLSADZE < DEFIZEBNT, ALAS2
TANESBEOBERILIZE Y, BEETHIE X I VB6E OFAENMET T2 Z & AEMDORRA
L72oTVBHEEZLNTEY, ERICHEHEULTES I VB6OREICTELORELRD 5,

GLRXSERIZ X D BEMESIFRMER ML : GlutaredoxinS DL B TFe-S clusters A AN EE I LB 5
B, I har R TIENIEET S, B CORREIFRII 2V, hEEOAM, FFHE,
FEREI LR D,

Ataxia% £ 9 XLSA (XLSA/A) : BHI L D GEF URLLIN L D )ataxiaZ 589D 5, AtaxialZi#EIT L2
., EITLTHRHBRTHD, BT/ NEREEREEETH D, & IMITERE CpyridoxinelZ 5Uis L7221V,
I hav NI 7OEEXER CHIABCB7TRETOERNFER TH 5,

SLC25A38ZE B\ £ B B IEERIEERER I : SLC254381dglycine# #ik3 5 I b2 U 7T OIEE
AEERTLEXLNTVD, HREKSHERET, FIROBEY . ALAS2IZOWVWT, HEX & VB
MERZEEHRMEEME Z 2 N TWS, ZLITEED/NEREERAEEEN 22 L., SHRAREMREIZH Y |
XLSA L REROEBREREZ 2T 570, XLSAZE I EREZZETHHDDALAS2OEENRD b1
RN, KBEFOERBRENSLETHD,

Pearson marrow pancreas syndrome : {REHET o F—3 X ataxia, A DWAELEHES, BERL
IRENCFET T 5, BMIZIERME THDERED & I/MRBD ZEIZES, 2 b2 FUTDNADK
BORE T, @ INFEME Tde novoDFIEF B Z 1,

Thiamine-responsive megaloblastic anemia(TRMA) : A ' A U AKIFERERA, FREMEHTEL 5
2EMOKRRER, HERerELSEER CEFHIVHICZH SN, EZERFERE M S Kk
DEIMTH D, ThiamineDEFIZKIST H A, FEEEOVItB12, pyridoxinelZ IS L7221V,
Thiamine transporter C & % SCLIA2EB I F O RENRERR TH 5,

Mitochondrial myopathy and sideroblastic anemia (MLASA) : #& Tz i AL EERER, 5
JE. FLERT ¥ F—3 A, SREFERMAM 288 L ¢ 5, Pseudouridyate synthase 1 gene (PUSI)D /K18
IRV RIET D,

6. TR
DI RIE
(7)) ©EIVEREE
pyridoxine$ 5-
XLSATITH4rLL £ D B Hipyridoxine DR A HIZ G T 5 (50- 100mg/day), F2IZXLSAIZIS IS
HIBIEFERE T, PyridoxinelZ K9 5K RIiT@EHENT CTRT,
Thiamine#% 5
TRMATE % I VBl (25 - 75mg/day) D5 CTRIS &R T,

% DO IRE TR R R 2 FEIBRIEIT 20,
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(1) &% L — MERE

BB IEIREE & 72 o TIERFI Tl SBRIEIC LA ~E/n~v h—Y 2D Y R REL, 7=
UF o, REEEOHEICLY ., Sl — MNEERITY,

2) iR
MBI U THiATY %,
3) 1B M ERHT R

INETIZ3IFOMEND H(13), W bEMEDEIE 2RO TR Y . EifEaHEII%h
BRbbHEEZLND, EE L, ANEZ v b=V R Z o TWAERNELL | FOMoE 6
ENBMERDTFREELH D720, FILEFICEENSLELEX LN,

7. FIER - RRERE

BEESFHRMEREMIZ, ©F I VB6ETIHREDIARRZI LN H Y, BEFOERDORENEETH
B, LLRRL, MPKRETHDD, EFOIEEL, BEFHEIOE S X — RS ETHD, &
biz, SRIIEMOBIETFEREE SRVEFIZK T 2ERBLEFORENRETH Y . FERORE
ZROMOBEIEENARES V—T7 L AR THRBEEFRES AT LEBETILERD D,
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