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1. ¥ B

Diamond-Blackfan anemia (DBA)iZ, FLIZHICFIET 2 RMERE M D H A3 FEE S5 S RIEDIRFEKEE T
5, BHITERRTH DB RMERBHEOADZZFR L, RKEM TITHERLEIED L, REREEASRENE
BilE 2T 5, H40%DEFI T4 TR 2RI EBXmbnTW5aA, KEA, /NEER K DOEEER, HEE
DOERENELEL ., L, IR, WRAMERZ, DBORESCREENROND, 3LAEREEGATHD
2, K910~20% DIEG TIZFRERH V. ElIoFHRamEEEors & 5Y,

19364E Josephsic & ¥ 2 i, 2 44412 1EDiamond3s Xk U'Blackfanic L 0 44 &, sz L7 AR
AL LT Lz, 20%, ZORBOBRICHET 282 RBFEMTENTE 0, E5 HERIZTH
T o7z, 19994, Draptchinskaia b 1Z 4 (KERE & ¢, DDBARSE DTN 2 £ 0 bR EEE T OBR
FENFEIOFLRARER (19913) IZHFEL, SLIERELRFR8EH B YR —uF /7 (RP) ©
—2TdH HRPS19% 2 — FTABEFTHD I EEZHLNTLEY, RPS19GEEFERITH25% DDBARK
FITED LD, FD%. RPS7, RPS10, RPS17, RPS24, RPS26, RPL5, RPL11, RPL35ai L *
RPL2673 ¥ DBIEFERNBVEFIODBATRE SN =9, S50 EE, XEHDBEBEER %R TDBADE
Bz, FRIMER - EMERRESERFGATA1Z a— R 3B EFICERNRRESNEY, KK TIZH50%",
A TITRA0% P OBRE CEBTIERERRHEIN TS, ZhE TREShZDBAEETFIZCATAT R RN
TRPZa—RFLTWAZENDL, VRV —LADBEEBEICL - TELIFROREN, XEBORIERE
MEEDOHLHRA DAL THDZ LR NIEoTXEY,

DBA G D e REE M ARSI & RIS, BBTICEHERREREE (MDS) RAME: &0 mEEE &
k%f%“ﬁ@&&@@ﬂﬁ%AﬁTéﬁEﬁ%wmo%%m%m&x?m4kﬁﬁﬁ%$T%50%w
%DENIBHID AT vu A FITKET 55, 60~70%NEHMIEKFEEIC/RD0HTH D™, 1BEEHHITIX
FEEEBEOEGNH S, DBAIZ., BEHEHELBOLNE D, EIEAEISRER % & TR EATR R
ZElAD R BORTVAERITBHO TS LV, Lo T, bRESHEIMC ﬁ&#éﬁ%ﬂﬁ§¥fﬁ%n
27— 22X E L EICEMAZEMEELZTTH., bAEODBAOBEICH LEBA TR LHEREINDIZ
FA RS A v afERR LT,

2. 2hr
1) REME
VAR Y — AOBREER2EERIZ, 1) REFHRBE, 2) FEHFH. 3) MDSLEMB~DOBITCERE DS
e e 5 MKRETH D,

2) Wi

ARG OREHEE & LTIE, 1) —BARmORIE, 2) MO2ROMEBD 23O RWKERERER (5
VIZIEERMER M) . 3) MIRRMERED . 4) FRIFRATBMAOMEKEZ S ERREHTR 2RO, &
HEEZMES, LiL, TORBEIZET, FREARCEREE LR—DELFEE 2 L 2BOSHEEE
EHEDRWEESLFET S, LaRo T, BERBOATARBAZEEZHTI20EIRAETHD, &
RFEBRPERINNVITZHENIIHET 5, 50% L LOBE TIX, BEEEETFARIEINTWVRY, K
FENEEMEREBLZAH LT VI E0n, RERMBHED N —%8IRT 5 L CRIER ORMIIEERE
Wip > Tn5, BIEFROZKE G ATRERZEER 2 RNTTT,



£ 1. EXHEHKFKE (Diamond-Blackfan& 1 : DBA) DESH

A. ETEHE

1. 1FRMETH %,

2. REMEM (HDVIIIEREFR) ThO2FROMEKED 2B,
3. WRRMEKEAD 2D 5,

4. FREFIRAIBMMBOMK LS ERREMTREET 2,

B.REWi 2 X pEHE
KL
1. HTHMDBAIZR NI EEFEREZET 5,
2. FiRBEzHT 5,
IR EYE
1. RMEKT T /77 I —EiEHE (eADA) LBTE I NZF 4 (eGSH) DEE (FE 1)
2. HHADBAIZALNDERTHEZHT 5,
3. HbFD L&,
4. MOERMEEFETSMEER OIS 2,

HHADBAIZ 4 DDOBMTENELE T T,
FEHHAIDBAIX, TRROO~@DWNTIrEH=T,
O3 o0BWEAEL 1 DDOKHBVT 2 D/hTEFELUE
@2 oDBMELEL 25D KB DH WL 3 oD/ FE LU
@2 - DOKRTIHEY

&1
eADA L eGSHZ [RIRHAIE L. SVMIEIZ X 2 HBIIC L 0 HET 5,

3) BWOTa—F%r—F (E1)

DBAIZIZ, BZWrD7=OIZHERBRA 7 Y —= 71EMN72\, Transient erythroblastopenia of childhood
WHDk@?%$%hm\wmmm%ﬁﬁmmiﬁmui)%%%Té:&ﬁﬁ%?%éoLﬂb\
DBAERI DFI20%I1eADANREE D L H 2R E 720, eADA&eGSHUJF—]H#(ﬁU/IE L0, BEETFHRETHE
E$%L%mermiém#%%ﬁ#%$%&MMﬂﬂ%T%6 ﬁmw WCBETFEZENIERTH
20, AR TIIRERGTFBEE SNLD DIXEEOHA0%IZTE R, BEDOY—7 = RAETEET
EREFETERVERIE. AT VVORKEEZBITT2LEND B,

FIROBRARMERI A 2 £ 5 KERMEE M (3 5 VWIZIEREE M)

!
B RERRE COHRIFERATEE MR DI K % £ 5 IEF AR 86T R

L

eADAIS & UReGSHE fE
HbFEfE

v
DBAL L CEEF2H

H1 Zmo720—Fv—k



4) ERIZW (F2)

FREFRBELETHEBOBRIZE L LTL, TECRRLEETHD, TECIE 1ML EOYRIZHFFEL,
FATTDOVANARBPIGRT DI ENRBNEREIND, ZEAEOREFITEZETL~27 ALA
WCBAEET 5, ERMEREMEZE L, DBAL B2 VHDFB L OWRMERT 7/ 7 7 I+ —EiEHE

(eADA) BE#FETH S (F2) ", T2, BHALSLAETH LM & T 5 ERMEE MR SERERIZIX,
F3IZ "9 L 51z, 1) Dyskeratosis congenita, 2) Schwachman-DiamondfEf&#£, 3) Congenital
amegakaryocytic thrombocytopenia, 4) PearsonfEEEE 72 EBH LN TV A, Wiy, KRR TIED
DB, ENENORKEPFHA TENFTRETH D, Foi. ERICHITEBIZO VWL, §TRE
BEFREESNZZ &N, S FRECHEHARET L & Iz, BETBRbLAREL 2o T35,

& 2. TECE OHFERIZE

DBA TEC
TRIFERES " =1
GBS 1R 1Ak
SgiayiZE2W B, EEEE e
VPN A i
AR i BRA AR il fist
HbF i E#

i RBCHLIR 7<) =
eADA = B EH
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R EXUBETRHEEM

FA DKC sDS CAMT
|EH >1000 >225 >300 >45
. AR AR
HERET FANCA (57-66%) DKC1 (30%) SDBS (95%) c-Mpl (—~100%)

FANCB (rare) TERC (<5%)
FANCC (10-15%) TERT (<5%)
FANCD1/BRCA2 (2-4%) TINF2 (11%)
FANCD2 (~2%) NOP10 (%)
FANCE (rare) NHP2 (%)
FANCF (2%)
FANCG/XRCC9 (9%)
FANCI/BACH1 (%)
FANCL/PHF9/POG (%)
FANCM/Hef (%)
FANCN/PALB2 (2%)
FANCO/RAD51 ()
FANCP/SLX4 (%)
IR 7.6 %% 5~15 %% 4 5 A 9 »A
REREFF 75% 100% 60% 40%
EaNiilk=37 % 90% 50% (up to 10 #8)  95%( W BRI E) 40%
MDS/AML~DH1F >14% 0.4~1.3% 5~33% 5%
2] 7% 8~12% 0% 0%
PR ENE H E® E#® E®
80% 23308 E Tl
TR 305 ET 35 &% 3EE TIE50% AL

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

3. &%

1) BAEHE (K4)
TN RIE LB LA EEEEEOERE L 55 DR10~20% Th 5, 0 ITEREAILM OBELEH
EAFERNRETHD, BEHEET. HAEAD100FAYZ0H65~7T4 EHESNL TS, AARNR
MIEFEOLET —Z I LT, 1988~20114EIZ 54k S N 7-DBABRE 1IR3 EkEs L 2 ni-
FEG L & H1754 Th o719,



®4. BFRINROEZE BETREANZESEHES

Fanconi Diamond-
FERME Fx%  Fofo kit . Blackfan B
Hifn
1988 63 6 0 4 6 79
1989 56 6 0 7 3 72
1990 52 5 0 9 3 69
1991 69 11 1 4 4 89
1992 84 8 1 6 4 103
1993 62 6 1 8 9 86
1994 70 8 0 4 6 88
1985 49 8 2 5 9 73
1996 52 12 1 3 4 72
1997 76 5 0 7 6 94
1998 64 7 0 7 8 86
1999 52 5 1 2 7 67
2000 51 1 0 8 7 77
2001 41 1 0 8 7 67
2002 54 7 0 0 5 66
2003 33 1 0 2 4 40
2004 40 8 0 3 4 55
2005 34 4 1 2 2 43
2006 58 5 0 5 10 68
2007 62 8 0 4 10 84
2008 68 11 0 6 14 99
2009 68 7 0 1 18 94
2010 55 13 0 4 10 92
2011 56 5 0 2 15 78
Total 1369 178 8 111 175 1841
) Diamond-Blackfan& Il : &R MEFRFERE S Te,

2) BSAEE - T
iﬁ%%m—%mmﬂﬁvaaﬁ 2704 FEES X OBILEFES 235940% T SFELTE Y.,
FRULEZBHERBLUOAHEDDIC, BHIChZONMESh, AEOEE LTEWES 22N,
it.DmhﬂmwmﬁmiDﬁfiﬁw# EHAEMREGER (MDS), BIUR. KiBE. BERER
EDEMEBEEZ A LT,
:niv\%&@%_omfwﬂnﬁ&énf%kﬁ\%ﬁﬁmﬁ%%mvsémaﬁwﬁﬁm%
NI STV, BBEIZB T 2850013, BE1EROAMOEE N EMEFHEICEELZ D
EMh, MEROEEREC L U ENSMEBELZZEET AVNERH LN LT,

4. WA - HWEE (E5)
T, BRELCTFOEBRFENFIORRGAERICRE SN, T FEET I FRRELRTFNY R —Lb
ZRT D—DOTHHRPS19% 20— RT 2 EIEFTHLZ ENHALMIENTZ, RPS19EETERIZDBA
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DE25%IZE D HND®, iz, MY KRY —s& 37 (RPS7T. RPS10. RPS17. RPS24, RPS26,
RPL5, RPL11, RPL35a} X U'RPL26) DB GFERNBER SN, FK TIIHI50%DDBADEFIZ KBV T
BEFREAALMCIENTVS (&S5) 922 —% HAETIE, BaOEEFERORERITF0%
LERK LV IRWEATH -2, LivL, i, BEDFA LY Mo—7 = RAETIEBHTE RV
DODBAFFEEF DR 7 LIVRENFI0%DEFICTFIET S Z L BAH LN R 729, ZORE, BE
TIE40% DEM CERERELFORIENRARE L 2 o7 (E5),

YR Y —LEImMRNAOFIRR 5 MIIANEE TH Y, 4FEEDORNAL S OBEDO U R Y —2F VNI E
MHRBERLEASETHD, TLED VU RY —A(80S)IE., K¥r7z2=v k (60S) L/hHT2=v k
(AOS)M BV . FREFhOV T2=y MIURY —LRNA (RNA) & URY—AZ 7 ETHEREN
T3 ("2), M7=y bEERTBURY — LI EIZIRPS, k¥ 7=y F#EHT5EH
IZRPL & FRIEI B, 4TEBE DR L-RNAN., BHERER CHBOFREN LRI S (H3), /N
Tazy NEERTHURY—LZ L 7RPS19, RPS24, RPS10, RPS261%, 18S rRNADfLE & 40S
URY =LY Ta=y FOMAT CUICEERBEZ R LTVEYI T —F k¥ Ta=y FEHET
BURY—AH 7 ThBHRPL3SA, RPLS & RPL11IE, 285 & 5.8S IRNADRLELVE60S VAR Y — A% T2
=y FOMALN TICEERBEZ R LTNEY T, LER-T, ZhbD ) RY—AEADOKSIE, HHxt
H17240SH BV E60S U AR Y — LDRZEH X, FRBMBEOETE23IEREITLEELLOND,

THETHRREINEZDBADEMLTFERIL, GATATUAMITRTIURY —LFZ I BIBFDO~T LR
Thotr, BRI AHEHAIZOVWTIRELERICEMBEN TRV, VR Y —LDOBEREEDRKE,
PE3DTEMALA K = 5 = & BDBAD . LHIAFR EZ 2 b T 3D,

5. Diamond-BlackfanB MM O EEFE

Gazda et al. (%) Kuramitsu et al.

i (%)
e (ECK) (HA)
RPS19 25 17.6
RPL5 6.6 10.3
RPS10 6.4 1.5
RPL11 4.8 4.4
RPL35A 3.5 1.5
RPS26 2.6 1.5
RPS24 2.0 0
RPS17 1.0 59
Total 52.9 42.6
608
288 rRNA
5S rRNA 608

5.88 rRNA
47 BOURS— LG INOR

4058

408
IRS rRNA
BAQURY—~LI OB

B2 UYRY—LOEE



—Y 3'ETS

458
458’ 5 88 S
pathway A pathway B
3E2 4 % / \352 ‘z i 328
R R I S Wi A
418 [ 188 58— 288 | 308 188 — 88— 288
s |
21S [ 189 — . koe 218 188 —
RPS19 | E RPS19 | E
18SE|_18S | I$SE |85 —
18SE
|3 3
188 185

B3 rRNADMEERPS19DEE]
A L 72188, 5.8S, 28S rRNADHE EEFIIT, 45S 5B FEM O Texternal transcribed spacer (5'-

ETS & 3-ETS)A M{AlHE IZALE L. internal transcribed spacer (ITS1&ITS2QUZ L > TRTHA TV B,
458" \CUIWTEAEE Lz, BAICS-ETSEdsite 1 TFuk v v 7 &hbpathway AL IST1 EdDsite
2 TCuaky vy Ebpathway BO 2 DORENRH 5, b bOHAIZIIT 5 18S rRNAD3I endD

AT, ZERPEANICHE D, Pathway ATIE, £9°, ITS1 EDsite 2THEMEZ Y, KiZsite E, £L T
B4 Tsite 3THIMT &, FRE L7-18S rRNA D3 endh =T 5, RPS19DHEE Sh A2 R hics

# L7z, %&HllZcleavage site® <7,

5. EEERAE R
1) &l
HIIFARB O SEARRE TRRAINDZENRELL, 6 ¥ AETIZ75%., 15 E TIZ 90% MR F
ET 5,
2) &0EE (Fke)
2L BIREEH

Diamond-Blackfan® fiL D &R BIZZHE T, $940% DHIZFE~ @ﬁﬁ/%/\ﬁﬁ‘é A,

B ONRVEFISTEET 2", B - EHORFE /R LS K, NE, KRMER. ERREE.
. OHEH BEFH. BREREBNN20%IZRD D, EFEORE L U UIBERO /L, FEF
BERENI~21%ICBDO N D, BWREBROFESLERELEREZNT®IIRD D, Fi-, HEE

EE, RIFRRLELBOONDZ LD D,

3) EMEEOAG
Z R ETIZ70041LL EDODBAKEHIN 52961 (4%) DEMIEEOHRENH S, LKDBAL IR Y

— (DBAR) IZREH I LTV 5608F|DRISHEIMENT O, AILFCEBEL S D2 TOEEEE
DOFIERN, —ROEMICHE_THEEICLEWI & 5. 4{+) M BT 572, Bz, AML/MDS,

BRIE. KiGE, ZESERORERIE,

/\



5%26. Diamond-BlackfanBMIzA 5h b SHSHOEE

R ek BRI
BEH 420 229
SHYS, Em., N&E HRRREEE,. NER, ERE, 24% 21%

ANEBRE, /NERAE, /NEHIE, EHMEAL,
NIRAEVE, IR TER L

R e EHORSE, EERE., 21% 9%
EIRTERR, ek, AR,
EEEIRKE
B, WRER Blig/xE., BEE. BIERK 19% 7%
i« Bl LEPBEXRE, LDEFRXE 15% 7%
KEWRAEZE, BHLHFE
Z DA
FHHED HEE, R NA 4%
iR FERMERENE, R, LREAAE  NA 12%
FHAER FEEE NA %
BHEE NA 30%
EHEEH Y 47% 41%
BEEAE 25% 24%
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6. IR A

1) FEpRE
BIRE AT A FEEITRI80% DR TRIGH TR &bB:}’Lfé ¥R & L Tprednisolone 2 mg/kg/
A2 LI ERET D, FI20%DEFITAT oA RALERAREL 225", BIEAL LTRERE, BH
Lk 9%, IBR., mILE, HERFBE. ANE, SRERSICEENSLETE, A RMOEFIZBVTHEEE
ENANT, oOEEERE LTy eABY Ly, A hrZrTFIR, EPORERBITFLNEZN, 7
ViR=vyar+ir7aZ R VHFREELED, —EOMEIRELEBELN TV,

2) g
BIBEEAT oA FEFIHETHDHEITIE., 4~8HEOBMANEL 2D, ~EJ UL, 8
gldIZ#E 3 2 Z L BNEARTH AR EMBOBIMIL, $HERIZLANEDTF u—3 R &3, $itE
2k DRFEE, BERE. DFEELENT 5729, desferasiroxd %\ iddeferoxaminel L 2 REERIED
PFRAAEE LV, LL, FARS»S OROBRESEEITHEL L TRV,

3) &L ErAEAaE

AT aA RREEOERHMKFRIL, SEnEMEBEOESE L 2D, AROBHEREITEMILLL TR
HTHD, ZIVETITI9F O RFEBEN{T o biv, BHBEEZ XTI 721361 (66 : HLA—Z[REka, 741 :
HMBBE FF—) BETEREFLTHSY, UL, BHLBECBT)IISHIITRbI, migEH
CBT &%} 72203 R ARF L TV 58, EMBEEFCBTEXT7-3F 0 ) b, 26lITEENELNT, 1
BINTAEZF LR Y U NBEFEERBTIET LTS, LR T, BHEEATIIBEY —A L LTIETES
BRI & Th B, Busulfan (&0 T16 mg/kgd 5\ iE560 mg/m?) . cyclophosphamide
(120~200 mg/kg) ZHir& L72ATLE IZHLA—EFEEMBHES T L TH D2, BREFRRERHE LN T
W5, DB Hbusulfan Y22 U7- AT E X FEMBE BT BIF2E 208, busulfanz £ < A
DR WETLE TIZRREE RN <, BHERENITLE L2 T 57— 2 3R+ Th 52,

7. A - REE

D REODiamond-Blackfan& M AE X, AA/NEIMEFEOBAEREMENEZEERES T, BFEFEABRAERK
DOHEERCEFEDBHRAENS I 2TV, BWNIEHRICE» SN TERE, FR1EENLF RS
BiEfED BHE AT LEHESY L, BE T2 LB LE, UL, BESE CERICBHE T 22l AN
BEETFELRVED, B2 EECERBLETH S,

DBAIZ, VARY—ALZ U RIDORBIZE>TEAME—DOE NOERMEERTHD, LrL, —BHOEX
BB~ 2E (Dyskeratosis Congenita® Shwchman-DiamondfEEEE) DJE @ﬁfx%?%%é’( VRY—
LAERIZEELTWA EEXLNTNS, ZTNLDEREIL, BHAEOMIZAERFESENAZRZILE
LDBA &L DEEENSEL ., VAR Y —ADBEREIZL > TR ABHMASERE THIEEZOND, &
Bz, Blf, BRMEMEEERTH D5qREEERD VRV —LK] THDHIIERHLNIR-T, 5gK
LREEREIT. del (5q)DYEERY L RNERZMBEOSLEELBE L T HIBREVREFERHDO—DSTH D,
ZOREBT, PELEICERE L, REER M, @/ MR, BREOFEKRIL 5 %R, BEENMESE/NEE
BERRE M LR EOREE D B, % IIRMEREMERTFIEICHE D 23, At RMB~DBITIX N
@wﬁmmﬁ\&a%m\ﬁ%%@EEﬁUﬁywA&yﬂy%:~%#5H%M§m%f%5 & &
Bz LY, LioT, DBADKEII S RIENFRLDDE - IGROESRIC L K& REHETHLE
FASY (SR

BIBEEAT oA FEREUANOFHRBFREDHEENEEND, KT, vVARLET T 74 v 2®DBA
EFAERANCT, BAT I BL-uA L URENEERTAHENRH S Z EaRrENZ, Bz, DBA
WZxH DIRE R E A DERABR S KE TIHE > T 5,

BEANODBAD RIREETHBRE SN AEEITESITH T, T OEFICBT R —7 3 —
TOMBEBHECTFENIFRERERFOREICHEHTH A TRERD B,
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1.

Introduction

Diamond-Blackfan Anemia (DBA) is a rare congenital inherited bone marrow-failure syndrome
(IBMFS) characterized by normochromic macrocytic anemia, reticulocytopenia, and absence or
insufficiency of erythroid precursors in normoceliular bone marrow [1]. Although macrocytic anemia is a
prominent feature of DBA, the disease is also characterized by growth retardation and congenital
anomalies, including craniofacial, upper limb/hand, cardiac, and genitourinary malformations, which are
present in approximately 40% of patients [4-8]. DBA occurs in both familial and sporadic forms. Most
cases of DBA are sporadic, occurring at equal rates in men and women, but at least 10 to 20% of
patients have a family history of the disorder, with autosomal dominant being the most frequently
observed pattern of inheritance [1].

DBA was first reported by Josephs in 1936 and refined as a distinct clinical entity by Diamond and
Blackfan in 1938 [2, 3]. The basic molecular defects behind DBA were unknown until the discovery of the
first DBA gene, RPS19 [4]. Following the observation that a DBA patient had an X;19 chromosomal
translocation, a major DBA locus was mapped to chromosomal location 19913, and the breakpoint was
found within the RPS19 gene, which encodes one of 80 ribosomal proteins [4]. Subsequent large-scale
studies established that RPS19 is mutated in approximately 25% of DBA patients [18]. Mutations in other
RP genes are also associated with DBA, these genes include RPS7, RPS10, RPS17, RPS19, RPS24,
and RPS26 (encoding RPs for the small ribosomal subunit) and RPL5, RPL11, RPL26, and RPL35A
(encoding RPs for the large subunit) [5-9]. Recently, mutations in the gene encoding the
erythroid/megakaryocytic transcription factor GATA1 were identified in cases of DBA exhibiting an X-
linked inheritance pattern [10]. These mutations have been reported in about 50% of DBA patients in
Europe and the USA [11] and in about 40% of patients in Japan [12]. Except for rare germline GATAT
mutations reported in two X-linked DBA families [10], all known causative mutations involve ribosomal
genes; approximately half of the DBA patients have heterozygous mutations in one of 10 RP genes,
suggesting that DBA is caused by ribosome dysfunction [13].

In addition, DBA patients have a predisposition to the development of malignancies (e.g., acute
myeloid leukemia (AML), myelodysplastic syndrome (MDS), colon cancer, and osteogenic sarcoma) [14].
Corticosteroids and transfusion are the mainstays of treatment. Approximately 80% of patients respond
to an initial course of steroids; however, only 60 to 70% of patients ultimately become transfusion
independent [11]. Bone marrow transplantation is the only curative treatment but requires an HLA-
matched sibling and is primarily reserved for patients with severe complications [11, 15]. Because of the
small number of patients with DBA, randomized prospective clinical trials for DBA are rare, and there is
not much information on which to base novel therapies for DBA. Therefore, we have prepared guidelines
for DBA patients in Japan based on data from DBA registrations in Japan and outside the country as well
as published data.

2. Diagnosis

1) Etiology
DBA is a hematological disorder caused by ribosomal dysfunction and characterized by pure red cell
aplasia, physical abnormalities, and a predisposition o myelodysplastic syndrome (MDS), leukemia, and
solid tumors.

2) Diagnostic criteria

The diagnostic criteria for “classical” DBA include macrocytic (or normocytic) anemia with no other
significant cytopenia presenting prior to the first birthday, reticulocytopenia, and normal marrow
cellularity with paucity of erythroid precursors, and is accompanied by congenital anomalies in some
cases. However, diagnosis of DBA is often difficult due to the incompleteness of phenotypes and the
wide variability in clinical expression [4-6]. Even mutations in individual RP genes lead to widely variable
phenotypic expression; family members with the same mutation in an RP gene can present with clinical
differences. For example, RPS19 mutations are found in some first-degree relatives presenting only with
isolated high erythrocyte adenosine deaminase activity and/or macrocytosis [18]. Therefore, it is very
difficult to make a diagnosis on the basis of clinical phenotype alone. Molecular diagnosis enables the
detection of carriers and the avoidance of hematopoietic stem cell transplantation from sibling donors
with these mutations. However, about 50% have no known pathogenic mutations. The diagnostic and
supporting criteria for diagnosis of DBA, including mild-type, are described in Table 1. We have modified
the criteria from the international clinical consensus conference [11] based on our results for the novel
DBA biomarker reduced glutathione (GSH).
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Table 1. Diagnostic criteria for patients with Diamond-Blackfan Anemia (DBA)

Diagnostic criteria

® Age less than 1 year

® Macrocytic anemia with no other significant cytopenias

® Reticulocytopenia

@ Normal marrow cellularity with paucity of erythroid precursors

Supporting criteria

Major

@ Gene mutation described in “classical” DBA
®  Positive family history

Minor
® Elevategi erythrocyte adenosine deaminase (eADA) activity and erythrocyte reduced glutathione
(eGSH)

® Congenital anomalies described in “classical” DBA
@ Elevated HbF
® No evidence of other inherited bone marrow failure syndromes

“Classical” DBA fulfill all four diagnostic criteria.

“Non-classical” DBA fulfill one of the following
1. Three of the diagnostic criteria and one major or two minor supporting criteria.
2. Two of the diagnostic criteria and two major or three minor supporting criteria.
3. Two major supporting criteria

'eADA activities and eGSH should be measured simultaneously and the data statistically analyzed using
linear analysis according to SNV methods to predict DBA.

3) Flowchart for diagnosis of DBA (Figure 1)
There have been no reliable methods with which to screen for DBA. It is important to confirm increased
eADA activity (> +3SD); however, eADA activity is not significantly elevated in about 20% of DBA patients.
Statistical analysis of eADA activity and eGSH using linear analysis according to SNV methods can
distinguish DBA patients with known DBA genes from their healthy family members (Kanno et al.
unpublished data). Although genetic screening is the most reliable method for making a diagnosis of
DBA, mutations in the known causative genes have been identified in only about 50% of Japanese
patients. Gene copy number analysis should be performed in cases where Sanger sequencing does not
identify mutations in the known, DBA-associated ribosomal protein genes or GATAT.

Macrocytic (or normocytic) anemia with reticulocytopenia pre
senting prior to the first birthday

Bone marrow analysis shows normal marrow cellularity with
paucity of erythroid precursors

l
v

Elevated levels of eADA activity, eGSH and HbF

Molecular diagnosis for DBA

Figure 1. Flowchart for diagnosis of DBA
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4) Differential diagnosis
In children, transient erythrocytopenia in childhood (TEC) should be a major consideration [11]. TEC
usually presents in children older than 1 year of age following viral infection. Most cases resolve
spontaneously within 1 to 2 months. Patients with TEC present with normocytic anemia and, in contrast
to those with DBA, their HbF levels and eADA activities are normal (Table 2). Congenital bone marrow
failure syndromes accompanied by physical anomalies include Dyskerotosis Congenita, Shwachman-
Diamond syndrome, congenital amegakaryocytic thrombocytopenia, and Pearson syndrome, as
described in Table 3. Although all of these diseases are extremely rare, it is possible to discriminate
them from specific clinical findings. Recently, because the causative genes for all of these diseases have
been identified, the molecular etiology may be clarified in the near future, and genetic diagnosis may be
possible in many patients.

Table 2. Differential diagnosis of DBA versus TEC

DBA TEC
Pure red cell
anemia Present Present
Age <1 year > 1 year
Sporadic and dominant
Inheritance inheritance Not inherited
Congenital
anomalies Present Absent
Mean corpuscular
volume (MCV) Elevated Normal
HbF Elevated Normal
iRBC antigen Present Absent
eADA activity Elevated Normal
18



Table 3. Congenital aplastic anemia

FA DKC SDS CAMT
Number of cases >1000 >225 >300 >45
- AR AR
nheritance ) DKC:XLR AR AR, XL
FANCB:XLR TERC, TINF2:AD
Causative genes FANCA (57-66%) DKC1 (30%) SDBS (95%)  ¢-Mpl (~100%)
FANCB (rare) TERC (<5%)
FANCC (10-15%) TERT (<5%)
FANCD1/BRCAZ2 (2-4%) TINF2 (11%)
FANCD2 (~2%) NOP10 (rare)
FANCE (rare) NHP2 (rare)
FANCF (2%)
FANCG/XRCC9 (9%)
FANCI/BACH1 (rare)
FANCL/PHF9/POG (rare)
FANCM/Hef (rare)
FANCN/PALB2 (2%)
FANCO/RAD51 (rare)
FANCP/SLX4 (rare)
Mean age at
diagnosis 7.6 years 5~15 years 4 months 9 months
Congenital
anomalies 75% 100% 60% 40%
50% (up to 10 95%( neutro
Pancytopenia 90% years) penia) 40%
Transition to
MDS/AML >14% 0.4~1.3% 5~33% 5%
Development of
malignacy 7% 8~12% 0% 0%
Chromosomal
instability Present Absent Absent Absent
Average life 80% die by 30 50% die by 3
expectancy 30 years years 35 years years

FA: Fanconi anemia, DKC: Dyskeratosis congenita, SDS: Shwachman-Diamond syndrome,

MMC: mitomycin C, CAMT: Congenital amegakaryocytic thrombocytopenia
DEB: diepoxybutane, AR: autosomal recessive, AD: autosomal dominant, XL: X-
linked

3. Epidemiology

1) Incidence
Ten to 20% of families have more than one affected individual and the majority of these cases appear to
be dominantly inherited. The remaining cases are sporadic or familial with other inheritance patterns. The
incidence is estimated to be 5 to 7 per million live births. In the Registration of Japanese Society of
Pediatric Hematology and Oncology, 175 patients with DBA, including patients diagnosed as idiopathic
pure red cell anemia, were reported during the period from 1988 to 2011 (Table 4).

Table 4. Bone marrow failure syndromes in the Registry for the aplastic anemia committee of the
Japanese Society of Hematology
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. Diamond-
Post- Other Fanconi Blackfan

Idiopathic hepatitis secondary  anemia anemia Total
1988 63 6 0 4 6 79
1989 56 6 0 7 3 72
1990 52 5 0 9 3 69
1991 69 11 1 4 4 89
1992 84 8 1 6 4 103
1993 62 6 1 8 9 86
1994 70 8 0 4 6 88
1995 49 8 2 5 9 73
1996 52 12 1 3 4 72
1997 76 5 0 7 6 94
1998 64 7 0 7 8 86
1999 52 5 1 2 7 67
2000 51 11 0 8 7 77
2001 41 11 0 8 7 67
2002 54 7 0 0 5 66
2003 33 1 0 2 4 40
2004 40 8 0 3 4 55
2005 34 4 1 2 2 43
2006 58 5 0 5 10 68
2007 62 8 0 4 10 84
2008 68 11 0 6 14 99
2009 68 7 0 1 18 94
2010 55 13 0 4 10 92
2011 56 5 0 2 15 78
Total 1369 178 8 111 175 1841

2) Natural history and prognosis
Overall survival for those with DBA is relatively favorable. However, 40% of patients are steroid-therapy
dependent and another 40% are transfusion dependent. The quality of life sometimes deteriorates due to
side effects of long-term steroid therapy and transfusion. Furthermore, DBA is a cancer predisposition
syndrome, although the risk is much lower than for Fanconi Anemia. DBA is associated with increased
risk for malignancies such as myelodysplastic syndrome (MDS), leukemia, colon cancer and
osteosarcoma [14].

Despite studies on prognostic factors, the therapy-response for specific clinical findings remains
unknown. Because our previous study showed that improvement in anemia at one year after onset was
associated with transfusion independence, stem cell transplantation should be considered in cases of
poor therapy-response after the first year [15].

4, Pathophysiology
Recently, following the observation that a DBA patient had an X;19 chromosomal translocation, a major
DBA locus was mapped to chromosomal location 19g13, and the breakpoint was shown to occur in the
RPS 19 gene, which encodes one of 80 ribosomal proteins [4]. Subsequent large-scale studies
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established that RPS79 is mutated in approximately 25% of DBA patients [18]. Other RP genes found
to be mutated in DBA include RPS7, RPS10, RPS17, RPS19, RPS24, RPS26, RPL5, RPL11, RPL26,
and RPL35A [5-9]. Approximately 50% of DBA patients in Western countries have a single
heterozygous mutation in a gene encoding a ribosomal protein (Table 5) [5-9, 18-22]. In contrast, we
observed a slightly lower frequency of mutations (about 30%) in ribosomal protein genes in DBA
patients in Japan [23]. However, most of the studies did not include methods capable of detecting large
deletions. Therefore, cases of DBA resulting from large chromosomal deletions or rearrangements are
probably under-diagnosed. Recently, we found large deletions of known DBA genes in about 10% of
patients [12]. Consequently, mutations in RP genes may occur in about 40% of Japanese patients
(Table 5).

The ribosome is an intracellular organelle and is the site of protein synthesis and translation of
messenger RNA into continuous chains of amino acids. The mammalian ribosome (80S) consists of a
large subunit (60S) and a small subunit (40S), and each subunit is composed of ribosomal RNAs and
ribosomal proteins (RPs) (Figure 2). RPs of the small and large subunits are called RPS and RPL,
respectively. RP19, RPS24, RPS10, and RPS26 play important roles in maturation of the 18S rRNA
and assembly of the 408 ribosomal subunit [5, 24-27]. Meanwhile, RPL35A, RPL5, and RPL11 play
important roles in the maturation of the 28S and 5.8S rRNAs and assembily of the 60S ribosomal
subunit (Figure 3) [6, 7]. Therefore, deficiency in RPs leads to relative lack of the 40S or 60S ribosomal
subunits and a decline in translation initiation. The fact that all of the causative genes for DBA are
ribosomal proteins, except for GATA, suggests that insufficiency in ribosomal function may be the
underlying cause of red cell aplasia in patients with DBA. Although the mechanism whereby mutations
in the ribosomal protein genes cause specific defects in red cell maturation is not fully understood,
many lines of evidence indicate that p53 activation caused by ribosomal dysfunction may be central to
DBA pathogenesis [28].

Table 5. Mutations in ribosomal protein genes in DBA patients (%)

e (S it
RPS19 25 176
RPLS5 6.6 10.3
RPS10 6.4 15
RPL11 4.8 4.4
RPL35A 3.5 15
RPS26 26 15
RPS24 2.0 0
RPS17 1.0 59
Total 52.9 426
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