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Therapeutic response

Corticosteroids and transfusion are the mainstays of DBA treatment!” Of 45 patients evaluable for first
treatment response, 73% were responsive to steroid therapy, 8% were non-responsive and 16% were never
treated with steroids. The proportions of patients that responded to the first steroid treatment were 5/5
(RPS19), 2/3 (RPL5), 172 (RPL11), 1/1 (RPS17), and 22/27 (no mutation). There were no significant
differences in the response rates among these patients.

Sixty-nine percent of patients received red blood cell transfusions. Of 4 patients available for therapy
in follow-up, 8 patients (17%) were transfusion-dependent, 18 patients (37%) were steroid-dependent, and 18
patients (37%) were transfusion-independent with no other treatment. Three patients received bone marrow
transplants and were alive and well (Table 3). Malignancy was detected in one case (case 50proband), who

developed MDS one year after diagnosis of DBA.
Discussion

This is the first report of an investigation of DBA patients in Japan. Thirteen types of mutations were
detected in 4 RP genes. These mutations occurred in 29% of Japanese DBA patients. Mutations inRPS19,
which have been found in 25% of patients in Western countries,’® were detected in only 6 of 45 probands
(13%) in Japan, and three of these mutations were unique. Novel mutations inRPLS (4 probands; 9%),
RPL11 (2; 4%) and RPS17 (1; 2%) were identified. The frequencies of mutations inRPLS5, RPL11 and RPS17
were very similar to those in Western countries.'®'® These results may suggest that a lower incidence of
mutations in RP genes in Japanese patients with DBA is due to a lower incidence ofRPSI9 mutations,
although we might miss the large deletions or re-arrangements in this study.

Physical abnormalities and growth retardation were detected in55% of Japanese DBA patients, similar
to previous reports in Western countries.*S Recent studies suggest that the patients with RPL5 mutation are
more likely to have physical malformations including craniofacial, thumb, and heart anomalies. '8
Remarkably, patients with RPL5 mutations tend to have cleft lip and/or palate or cleft soft palate, isolated or
in combination with other physical abnormalities.'™'® We found that 3 of 4 patients with RPL5 mutations had
multiple physical malformations, and 2 had cleft palate, whereas only one patient without anRPL5 mutation
had cleft palate. In the general population, 0.1% to 0.2% of children are born with cleft lip and/or palate
Our data, and those from previous findings, suggest that PRLS5 mutations are associated with multiple
physical abnormalities, especially cleft lip and/or palate.

Cmejla et al. reported that 87.5% of RPL5-mutated patients were born SED, whereas only 42.9% of

RPS19-mutated patients were born SFD.'® However, in our data, SED was seen in 7 patients, and all of them
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were RPL5-non-mutated patients. Our data suggest that RPL5 mutations in Japanese DBA patients have no

relevance to SFD, and may be a unique characteristic of Japanese DBA.

According to recent studies, the frequency of malformation, particularly thumb anomalies, inRPS19-
mutated patients, was relatively low compared to RPL5- or RPLII-mutated paltients.zz'z“’29 In Italian DBA
patients, the risk of malformation was 7-fold higher in RPL5-mutated patients compared to RPS79-mutated
patients.”” In contrast, all of the Japanese DBA patients with RPS/9 mutations had one or more
malformations. The frequency of thumb anomalies was significantly higher in patients withRPS79 mutations,
as well as in patients with RPL5 mutations, compared to other groups of patients.

Although steroid therapy is one of the established treatments for DBA, the mechanism of action is
unknown and reliable prediction of response to initial steroid therapy is not available'® RPS19 mutation
status has not been predictive of response in any series® In our data, the responsiveness to first steroid therapy
in Japanese DBA patients was as good as that reported in Western countries” In this study, the comparison
showed no significant differences of responsiveness to initial steroid therapy betweenRPSI9-mutated and
RPS]9-non-mutated groups, or between RPSI9-mutated and other RP gene mutated groups.

In summary, we found that heterozygous mutations in either RPS19, RPL5, RPL11 or RPS17 were
present in 29% of Japanese DBA patients. No mutations were detected inRPS/4, RPS24 or RPL354. We
observed a slightly lower frequency of mutations in ribosomal protein genes in DBA patients when compared
to pfevious reports from Western countries, although the data from both populations are based on a relatively
low number of patients and values showing significant differences between populations are missing Our data
suggest an association between RPL5 mutation and malformation, especially cleft palate, and betweenRPS19
mutation and malformation, particularly thumb anomalies. This study also suggests that no association exists
between RPL5 mutation and SFD or between RPSI9 mutation and non-responsiveness to initial steroid

therapy in Japanese DBA patients.
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Supplementary Appendix. List of hospitals and persons cooperate to accumulate clinical samples of
DBA patients.

Iwate prefectural Chubu Hospital (N. Onodera)

Iwata City Hospital (M. Shirai)

Osaka City General Hospital (J. Hara)

Kagoshima City Hospital (K. Kawakami)

Kagoshima University (Y. Okamoto)

Kyoto University (K. Watanabe)

Kyoto Prefectural Yosanoumi Hospital (H. Ogawa)

Saitama Children’s Medical Center (K. Koh)

Shiga Medical Center for Children (T. Kitoh)

Shizuoka Children’s Hospital (K. Sakaguchi)

Tokyo University (K. Ida)

National Hospital Organization Saitama Hospital (1. Kamimaki)
Dokkyo University (H. Kurosawa)

Nakadori General Hospital (A. Watanabe)

East Medical Center Moriyama Municipal Hospital, City of Nagoya (M.Yazaki)
Nara Medical University (Y. Takeshita)

Japanese Red Cross Narita Hospital (S. Igarashi)

Hiroshima Red Cross Hospital & Atomic-bomb Survivors Hospital(N. Fujita)
Fukushima Medical University (A. Kikuta)

Yamagata University (T. Mitsui)

Wakayama Medical University (M.Yoshiyama)
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Table 1. Mutations identified in RPS79, RPLS, RPL11, and RPS17 in Japanese DBA patients

Patients (Gender) Inheritance  Age at diagnosi Mutati Predicted amino acid change
Mutations in the RPSTY gene . ;
43 proband (F) Sporadic 0D Exon2:g.3G>A p.0
28 proband (M)  Sporadic 6D Exon3:g.130_131insA E44{sX50
44 proband (F) Sporadic M Exond:g.184C>T R62W
30 proband (F) Familial M Exond:g.185G>A R62Q
30 father (M) Familial oM Exond:g. 185G>A R62Q
25 proband (M) Sporadic M Exond:g.284G>T G95v
20 proband (M)  Sporadic 4M Eoxnd:g.353A>G D118G
Mutations in the RPLS gene . : .
10 proband (F) Sporadic oM Exon5:8.473_474delAA K158f5X183
41 proband (F) Sporadic 1Y Exonl:g.3G>T po
55 proband (F) Sporadic 3Y Exonl:g.3G>A po
65 proband (F) Sporadic 4M Exon2:g.37_38insT F13fsX14
Mutations in the RPL1 gene . ‘ £
9 proband (F) Sporadic 1YIOM Exon2:g.58_59delCT L20£5X53
23 proband (M) sporadic 1Y6M Exon5:g.460delA R154£X189
Mutations in the RPST7 gene S E ‘
56 pmbarid (F) Sporédic IM Exon2:g.26delT VIsX17

Table2. § y of seq! hanges in seven RP genes identified in Japanese DBA patients
Gene. No.of tested DNA samples  No. of probands No. of subjects .
syimbol from unrelated probands -~ with mutations - with mutations Mautation types
e = . - ~ . missense,
RPSI9 45 o 6(13%) 1 Toss of Ist methionine,
- - . . small insertion
foss of 1st methionine,
RPLS 45 4 (9%) 4 small deletion,
. ) ) small insertion
RPLLI 34 L 2(4%) 2 small deletion
© RPSI7 45 1 (2%) 1 small deletion
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Table 3. Characteristics of Japanese DBA patients

Response at

Patient Malformation status first steroid therapy Present therapy
Patients with mutation of RPSI9
20 proband craniofacial abnormalities, CHD ete. response Transfusion dependent
25 proband thmub anomaly, growth retardation (-2.0SD) ete. ND ND
28 proband thmub anomaly, CHD ete. response Steroid dependent
30 proband thumb anomaly, growth retardation (-3.4SD) response Steroid dependent
30 father growth retardation (-3.6SD) NA CR
43 proband thumb anomaly response Steroid dependent
44 proband SFD response CR
Patients with mutation of RPLS
10 proband thumb anomaly(flat thenar),cleft palate, CHD ete. poor Transfusion dependent
41 proband craniofacial abnormalities, cleft palate, CHD etc. ND Transfusion dependent
55 proband thmub anomaly, polydactyly response Steroid dependent
65 proband growth retardation (-3.0SD) response Steroid
Patients with mutation of RPLIT
9 proband CHD, SFD etc. response CR
23 proband None poor Steroid dependent
Patients with mutation of RPSI7.
56 proband None response Steroid dependent
Patients without mutation of seven RP genles* :
1 proband growth retardation (-4.0SD) response CR
1 daughter None response CR
3 proband growth retardation (-3.68D) response Steroid dependent
4 proband craniofacial abnormalities, SFD, Short stature, webbed neck response Steroid dependent
5 proband None response CR
6 proband cleft palate,SFD etc. poor BMT
7 proband craniofacial abnormalities, SFD, growth retardation, etc. response CR
8 proband growth retardation, webbed neck response Steroid dependent
13 proband None NA CyA, BMT
14 proband None response . CR
15 proband None response Transfusion dependent
21 proband None response Steroid dependent
22 proband None response CR
24 proband growth retardation (-4.0SD) response Steroid dependent
26 proband growth retardation (-4.1SD) ,craniofacial abnormalities, etc. response Transfusion dependent
33 proband None response BMT
36 proband hypospadias, cryptorchidism response Steroid dependent
36 cousin None response Steroid dependent
37 proband hypospadias, cryptorchidism ND CR
42 proband None response CR
45 proband craniofacial at lities, growth retardation, etc. poor Transfusion dependent
48 proband fetal hydrops ND CR
49 proband None response Steroid dependent
50 proband None response Steroid dependent, CBT
50 sister None response Steroid dependent
S1proband None poor CR
54 proband None ND Transfusion dependent
59 proband None ND Transfusion
60 proband SFD ND Transfusion
61 proband None response cyclosporine
62 proband CHD, SFD, growth retardation (-3.15D) response Steroid dependent
63 proband craniofacial abnormalities, growth dation (-7.5SD) TesSponse Steroid deperident
64 proband None response Steroid dependent
66 proband Norne NA Transfusion dependent
67 proband None NA NA
Abbreviations are as follows: ND,not done; NA, ot available; SFD; small for date; CHD; congeital heart disease;
BMT,bone marrow transplantation; CBT, cord blood stem cell pl ion; CR; compl issi

* RPS19, RPS24, RPS17, RPSI4, RPLS, RPL11, RPL35A




55 71 Bl H A iR E 2 R R
TRILR - Y—-X
BEBHEAT

Be K fm ¥50:10

Ribosomal protein & FRMIkELEE
(Diamond-Blackfan anemia & 5q REFEIREE)

G ik

Key words : Diamond-Blackfan anemia, 5q syndrome, RPS19, RPS14, Ribosotne

1. FL®IC

Diamond-Blackfan anemia (DBA) 1%, FIZHIIC HiE
T HRMIBREMDAPEEINSEREOKRFRECTH
b, BUMITERETHAUFRORRMBOANERL,
KA CRABRMERMED U, KRB EaZLEELRZ 2
T 5, $30% DIEF T4 RFLEZEHT 5T &4
ENTW3, K, NEREOEY, FERORESRD
%<, L B MRERER LRBROREPREEN
Rohd, BEAEDNBEA TSN, 10~20%0

EFITREREKEND D, HREAMEESIVWEIHEE

mOBREESY, -

1936 4E Josephs IZ & V-2 #?, 2 4 #% 1213 Diamond
B:E U Blackfan 12 U congenital hypoplastic anemia &
UTABINHRE SN TLR, ZORBOFBREICETS
B4 BEMTON CE 2 B RIES Rl &
DU AFRIUERRE AT R B R O EEMAEIC 2 A
5 i@ heterogenous R EENFEET DA REEMNE VL

HEINTOAD, Eo<HEBFHTH . &,

PefkimE %2 5O DBA BEOBETFRIT A SN 5 RE
BETFORGTENS 19ZBREAER (19q13) K/
IR, IERFIRFETLIERBETANOED S
URY —LF NI D—DTHSPRSI9 21— kT3
BEFTHLIEBHALSHITENEY, RPSIGBIGTE
Bi3#9.25% O DBA BE D SN DA, Kl RPS24,;
RPS17, RPL5, RPLII' 33T RPLISA O TLE RN
DEFIO DBATRREIN, URY=ADOREIZERL
FFRIRE [URY —LF] OREBEESAEIEhD
2557,

=, Sq REFEBRE, 194 FEC O THEINE

ShATK R BT EH T RN R R

del(6q) DHAKEE L RMIRAMITOMEEE 255
ETHEHBRERERRO—DTH B, ZOEBIL,
PELARICIFFEL, REREEM, f/hEm, Biio3F
BRI 5% R T BEMELS/NERRNENE DI &
EORFUND B, SR MRGmEFEICHRS 2, &
B RN OBTII NPV, 5q REFERFEDF
HEBLIPANHEBREFEZRBTZDOREOREIC
Lo THBREBIRBLEVIZBED SNELS, T8
R BEMNICEBREREETN 5¢32 KMLEY S 1.5 Mb
OHHICEET DO HOBRTIESNEY, 2008 45,
Ebert I3 ZOEBICHETET 5 0 H0ERE T2 RNAF
WHETA2 Y22 P U, FREBOBERSDIZID YR
V=K N TEA—= RIS RPSHHBIETTHLE I &
ZHENMCLEY, Z02D0FE5ESELSEEOW
EREICE DT, BREMKKRBTH S 5q REFEFHER
ERFEMIPFRBTH S DBAMLHOSFREEICES
THEUCTWB Z EMNHENITEY, MREICH IR
\EAMD S Lo, KB T, Zhsofinz
ki, URY—AY NI ORECEET SR EkE
EREOHEMHEOREOEL R DN THEHT 5,

2. DBA DERBEFORRE

1938 4, BEIZ Diamond & Blackfan |3 DBA @R R 3
FRRLEM AT LORETH D EHEL T, L
AU, DBA QRN 19 B EA EORH O DBA Bin
FHRDOPDIETIIKRELRTH >/, Gustavsson 5
I3, MEERE 46, XX, t(X;19) (p21;q13) 2D DBA B H
ZRHLEY, 19 BYaA0ER L2 DBA OREEK
FHGET DSRS0, DBAD 13K %
DB 2 R 19q O —H— AW TR S .
FTORR 1913 ITHWEEZED?, 251360
DBA B 12.19q13 EOEaMICE R D & D microdele

215 (1539)



— 8 K M ¥

Pz/8EF 1 24 25 §7 58 119 120 137 138 145
ATG
- 7/
EEERS 1 11 nom 173 356 357 4it 412 435
SRAEVAER AA AA "
A A
A A
A
A I
TR AER AA A MA A
A
A
R&-{EA : A A AAAA AMA
ATSARYARER A A : A
AAVER A § A A

1 RPSIOBEFOEALREOBELME O 14 L O&®E)
RPSIOBEFR6EOIYZY UMSHBREINhTWS, T2V 113, 53
BRI HEN L, SRR - RROBIIY DV 2EEETS. RER

2RO hot spot ZHATRLUE.

tion 2 RHE LAY, DLEOKEX Y, DBARKNEET
DOBETEMNI9QIBITEET I MBI ENE
7=, LEOHEHREEZRED DBABREOD DNALMDL
positional cloning OFEE TREELRFORENTEDN
7. HIB, 19q13 EOEGEUIE R 2 OHREI O—2
U, AU R =AY N BisTF RPSI9 O
EIAL L NOCEEETHEIEZHLM LI, &5
Iz, "40 fifo> DBA fEBI &2 MAT L, 10 Filic RPSI9 B ET
OERERHEULY, T0%, KBRERXI Y-
fglcbh, 1712 % 2O DBAESNEITEH 26%
DBEI RPSII BIETOEESZBOSNEY, BET
OERE, IAEUR, FUEIR, ATTAAYAR,
FUALATTREREB L THo7N, 2 TANTOER
THo . BEFERIEBRTEATHSESTY
h EBROFRy ARy MBSO —R252~62 O (-
P ETLIUHREELTHWE FED. L,
BETFEROUELBKEREOMICBE>ED LEHE
RIS SNEh o, FO®%, BKEPLIE 5K
PMHED 51, $920~25% @ DBAJEHIIZ RPS19 O
ETERBREINALLY, 2 OEFMOFEHRED LIC
BEFEROMEA EHKRERII DWW TR, 19q13
R OEE A REIEICEMREREER BT DI LAt
fERmanEYe, F, Arge2Tp ZRERDOEEL B
FEHIAEL, I 8 FiMEmmkEFETH O,

1999 41> RPS19 B+ DBA ORKERLR T TH S
TENREINTHS, Gazdalkkko> THE 2D DBAD
EREEFHREINIETCERERZELEN, 0O
B K21z RPEEFHADBAORKNELRTFE L THE
N7z, Gazda BV Affymetrix £t @ GeneChip Human

(1540) 216

Mapping 10 K Array # BWC, BREKEEOERER
25O DBAD IFROF J L2KiThi 2 BRI 2
frizoi., TORKR, B64k8q O 17.5Mb OfFEE, §
€410 © 5.8 Mb R UVE: 44K 6 D 3.8 Mb ORI DBA
L EEDEY, HOREEINIBRICEETSY
RY—LF ONTEIETIEBL, RPS20 & RPL7 (B
4k 8q) & RPS24 (Fefafk 10q22-23) O — 7L
AN ERTIR oo, T OER, RPS20 & RPL73EET
Holht, RPS24\AFOERERDE, £IT, 210
O DBARRE ORI RN, E5IC24ICRPS24
CHBETERERE U, RPS24 B TFEREOREER,
HWida% ThHol, i, Cmejla 5O Y R —LY
SINDBIET RPS17 %R % DBAEFTRH L,
BER @T>6) ORDICHRBABa— R (ATG) 8
kb, —HORPSIT ORBENEDNIZERTHS s
FNETORER, TRUMITIZy R EHERTS
YRY—KhFNVBIEFTH 0 BiL, KUY T
Sy RERET AU RV LY NI EETOERVE
HEhi, Farrar 513 CGH R X 2B BEREK TV E
ITERA DT VAR EHHEMT2WEL T, e
H3gOREEZDHD 20O DBA BE ORI, S, DBA
OEEBEHERTELTAY Ja vy REEERTH U R
Ve NF N BT RPL35A ZRIE L. 22T,
RPL35A OEENBEYICDBATH IS TWENES M
BHIZEDIC, H8ABDDBARMEEZA I -2
L, 3BERANTFOERZRHLEY, 351, &I
Gazda 513, DBA OEFIIRHORY T2y b2
THURY LY NI BEFOEREZRBLUEY, #
51k, ZHETIZ RPS19, RPS24 B £ (N RPL35A I




BETEREOH SN 196 %O DBA Rifi#H Oz
AWT, #EFERENBEINTVWIN24E0O RP#
EFE10L0HMEND = RPSI7 BT ORI %
ok, FOE, RPLS & RPLIIVIATOERZRM
UJ. RPL5 & RPL11 DAROBEL, TNZEN 6.6%
EA8K TH o, £/, TOMMITH RPS7, RPS17,
RPL36, RPS15, RPS27AWERZEILOEM, TOH
EROuTNnd 1%XKBETHo /. Fx 20 DBA registry
213 31 4 (28 FiE) © DBAJEFINEEFINTWSA,
Z O —7iz population IZBVF D RPLS 3L U RPLI1 @
HETFLROHEER, FTEN 24K E 71X TH>
72 Bk $H DT LI, RPSI9ER LA EI,
RPLSEROHHEFICIIOE - 0FBFE, ERMELRE
PRIEORBREOERARAN, RPLIIERTIIHM
ORHRRENEHEEIRD N,

IHETRRINSE DBADELETERIE, TXTY
BY— ANV BEFONTOERTH > k. Zh
i3, DBA OEHEMY RY —AF /87 © haploinsuffi-
clency Ik > THELBURY —LORERL2THDZ
EEBIRBL TS,

LmL, ZNETODBAOHKEEETFOWMER T
R TIEFDhEDOTH Y, FFTOREELREND
WETE, ST, RABINETIIMUER U6HD) O
DBA ML, 6 K% (TH) WX RPSIOELTOER
R UKL GR¥#F). £/ RPL5, RPL11 & RPSI17
OB|EFERARM LR, RPSI9EROEE, 13.6%
EERKICHL TORBELEASA SN, 2GR
BT 3 s E DEFMOBERNAGEEEbN
5,

3. URY—=AGUNIBEFORELURY—A

EEROBE

Ui = Al mRNA OFREHESHRNEER TH 5,
ERURY—AIZT4EEORNA & 0BEEOY RY =
LI BINSRIERGESERTHY, TOEEH
BARBEERHEICWESETETOERTRENAALR
BEHFEINTVEY, Er2EDEEAEOURY —A
80S) 13, KHTa= v k. (60S) E/NBHTa=w bk
(40S) MHEED, FhENOY oIy bR FY—
L RNA (rRNA) EURY =L NTHETERINT
W5 (M2, BREOYRY—AZSOEOYRY -4
N ERE LTSN, mRNA % polypeptide (28
Y B IGIE RNA 8-> TWa%, Lo T,
VIR AY BT pretRNA O S w 2 277,
URY — AOM AR TOREN, MIaNEHxS L CHR
MBEOFEEPHEEILETRY =L EBRERETSHLED
12, L OBRET RNA O BfliAIHMmA s hi- & E
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60S
28S rRNA
58 IRNA 60S
5.8S rRNA
41 AQYRY—LELI R

408
408
188 rRNA
33 BOURY—LILIR

H2 bhURY-LOHEE

L REEDEEFHOURY —LIZ, 4DOYRY —
/s RNA ((RNA) & 80 BEOURY — L& NI
LI BEKRBEEKRTH S, 2RV~ (80S)
12, R¥7azw b (60S) &Y Tazw bk (408
M5 D, mRNA @ polypeptide ~NOFFR &2 F > T
%, 18S rRNAZ40S /h 7oy FOBERERTH
b, 285, 55 & 58S rRNAX 60S AU 7w hD#
REFETHD, 60SE40S ZHERTIHIVRY LY
JNZ7 X RPL, RPS &Fh 4, RPSI19 i3 408
BHERTDIURI =LY NI D—DTH 5,

Z6h3d, RPS1I91, 18STRNA L& HITURY —AD
S/ Ty FEBRTSIBEOURY —LY
INIHED—DOTH 5,

Da Costa 513 RPS19 1%, URY —LMERI N D
MR BELHBECGEETA I L2RHLED, #5
i3, SSICRPSIODN KO I5HO7 I /BEECEH
WD 2 E@BOT ) BICE/MBIES VF Ik (Nos) 8
BT EERELE EERT LT, RPS19 @ Nos i
I B AERESD DBA 8% Tld/ME~ D RPS19
DORENABRERD, BRRPSI9 Y 2 XNT BERITK
FL TV

B4, RPS19 %% 185 rRNA OpRE L 40S U — ALY
Tazy FOMBI T EERBEEZRELTVSZE
MIDOTIN—TMhEWESI N, RPSI19 2 Ri§
Uk BRfiEYE hOTEBESABRD Hela Mg T
i, Aeeh /oty /%% 185 RNA 258
40S YRy =AY 71y FOFBRESZICEREL, W
MRETIERHM LIz 40S URY — L3 T 1y FORED
MAEN/242, 18S rRNA BRI & 40S /BTy b
AHOREOEEL RPSI9 2RIBI WAL META
BHIfUR TEL 2 RPSI9ER%2H 5 DBABEDEM
NAEHi{E AN CDM MlaTHERED N L,
ZORER, BB IEIT RPSI9OEREN DBA BED
EHECD34 MR TIZ CD34 MBIz L TRETH»
72 L R O#iIC BT 5 185 rRNA @ 3 end D EREA
1%, SEMSEITE S, £9, internal transcribed spacer
1 (TS E@site 2 TUYWMHE I D, RiTsiteE, Z L
TEBIZ site 3 THW N, BRI L = 18 rRNA @
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3. PrerRNA® Tt v i 2712 B1F % RPS19 & RPS14 OHEfE
AL 7= 18S, 5.8S, 28S rRNA OEHEEIFIZ, 455 B EM D H T external tran-
scribed spacer (5-ETS & 3-ETS) MMM ICHLE L, internal transcribed spacer
(ITS1 & ITS2) ko THwWTHIhTWS, 458 IR 2L 2. BRI 5-
ETS D site 1 TT/Otw w7 EN % pathway A & IST1 L d site 2 TT 0
btywi o FdE3NSpathway BO 2 DORK¥AH S, £ bOMRICHBITS 188
RNA @ 3" end OFRAIT, ZEEPEMICE S, Pathway A TIX, £79, ITSt EO site
2 THEHEMEI Y, Rizsite K, # L TREITsite 3TYWEh, KL 185

rRNA @ 3 end 35
ZEMT cleavage site 27RT

P endASEMT 5 (M3), RPS19 2RIgx ¥ /= TF1 M
BTGl 18S TRNA O EEENSED, KO KER2S
RNA BB MR ICER T 2 0 BE S, Th
1% RPS197% site E ORI YIBICATIRTH DT &
ZTRBL TS, Z0 185 rRNA B DO BHARIL,
40S VRV — LOSER EBREBICARRTH S, Lz
AT RPS19 KISHIME, AEX 72 405 U R Y —Ah
ORZERE, WRHEBEOKFESIZRITLEEAD
5. RPS24 & RPS7 H 18S rRNA O RRE & 40S U R
V- AOEERARARTH D I EMRENEDD, Lk
L, RPS1I9 T ITSI O#AICEHb > THBSDITH LT,
RPS24 & RPS7 11 5 external transcribed spacer: (5-ETS)
OF oy ETH 5, RPS24 501
RPS7 %/ wh ¥ UL-#ilgTid, 455 & 305 rRNA
AERERSER L, 418, 21S & 18SErRNA ﬁﬁ%ﬁﬁ&ﬁ%b
SPALTHBZ ENBERINL,

—%, KYy7azy R EERT SRV — Aﬁ/ﬂﬁ
3% 2% RPL35A, RPL5 & RPL11 13, 285 & 585 rRNA

ORME 60SURY—AH T2y OEATI *E
TWHGAHZELZLTWSZ ENHSMCINEDD,
ThhaogFes/ v ¥ o Lke Mﬁ%#ﬂﬂﬂ@'ﬂi,
60S U R~ A DOBMITAAIRTIL 285 rRNA & 585
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B9, RPS19 & RPS14 ot s h SHRE 2 i

ok U7,

rRNA ORFABENE Y, LV REZREZNENOFIE
K CH B 32S TRNA & 12S TRNA AIlgic B a5 D
PEEI N, :

4. RPS19 ZRICK S DBA REDS FHE

FMEREE A CEMBHEN SHBATEALINT
W5, CD34Y & ai BRI f Y, RinikEmoEE T
CD71%, glycophorin A (GlyA) ™ @ Fr FE BK X B 12
CD71°, GlyA*®FMmIRANE4HMET 578, BFUE OHE
BEMAsTUZORIF > (EPO) KEHLIR D,
Ohene-Abuakwa 513 2 BEX PSR IMIRBRAERZ ANT,
DBA 2B 4R mERE 1 0 B# 1L EPO IR ET SR
A OBREBICSD 2R U 5 DBA L
EEAOKMLESGREZ#TL, EPOEKFOH B
BoRETHRHHCZEXAD SNV, EPOKREFR
OB _EEEZE T DBABEREIRN S ORML 5K
FIROMA L BRMEDSH SNV E2@WELED,
BRELZ &1, URY —AGRIRS U AT
£, VOB ROBERERAUERFRTIIIETIC
EL< 750 Wiz RPS19 ORBITKRMIROBK LD
BRETHEALU4S URY - LAARBETTS (E
4)%0.30  Plygare & Karlsson 14, - DBA T3 RPS19 O &




HSC GEMM
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CD34+ CD34+
CD38- CD38+

DBA

EPOfKTEME
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BFU-E Erythroblast Erythrocyte
@ — @
CD34+ CD71+

CD71+ GlyA+

GlyA-

Ribosome 1———~

synthesis

o —globin

4 IE# & DBABEICBTDHRFRIML

-—--..lll

FIVRIBHATEORSARISEATELHINT NS, CD34* & MATERR
1, FRIERIE M O@E T CD71*, glycophorin A (GlyA) *@RIFEK, &5 CD717,
GlyA* OFRMIRN &L T 5435, BFUE OEEEMSoTY XD RxF> (EPO)
ki & 725, DBA 2B 2RMERGE MO R HEIZ, EPO IKET R IIRFLD
BkEm (BFUE OBBEOR) dH5, URY LSRR MCRATEME TE
<, VOVPYEROERTHAL -RFRTIIIEEICE L2545, #ICRPSI9 D
RBEIIFMIROBREOBRETHDL 40S VRV — LAGHRBETT 2.

B2k D 40S URY — LB REEIES DT, 405/608
HAERBIKL BB FRMIRBRAE LB I B W THMRYR
40S URY=ADRZHBHEE IR, ZOHER K
FRIZABOI/UE R EDBRARD TERDDI
FRMBRGEMATZ OB TEBIET S LHELTVS,
UL, FRFHGEMORELSIOBEKRERY, EOX
STEEEA TR Tha R EEHLMTHEWV, £0
WROEDIZIX, RPS19 OHEE2 S LICHISREL D
%, RPS1913, RPS3a, RPS13/16 % RPS24 &ififEL T
ASH 7A=Yy NOSERIEFERET 5. B RO RPS19
mRNA L, 4507 I /BEI—RLTWEA, NXK
WMOAFFZURBRBICKREESN, TI /B M44EO
ZINg IR, AR AG CIREHINTYAER
7, Flygare 513574 &b THBIOY Y BILEZTS
HABEHETSETEL TWEY, RPSI9 I, B8O
RPSIOEEE Y NV MAEI N TWS (M5®, 20
176 %, B 12 proto-oncogene T & % serine-threonine
kinase PIM-L i3 BIREWG FCTH 5, PIML Lo 07D
N AR, RMEROSA XA L, MBI ES A
Cr v AR Z T MCVAEAT 22, PIML X
EPO IcX 0 REMFHE I, URY—~LALETRPSIO &
BedT 5L RPS192Y VRT3, DBAOZER®O
Ky KARY RTHSRPSI9 D I— R 52~62 13, &
DTEEHEOEVRETH Y, THINDY UHE{tsite

BEETS, LiE>7T, PIM-1Iicks RPSI9 DY) >
B U R Y — AOBRSROH ML & BB L%
BELTWSARENS S, 7 BEEKREVWI &I,
DBAOERICRSNAEZEZRRPSI91, EEEERES
FEAETPIMIEHE U ENG, BEBAEOME
HIZ B EkAE N 52,

RPS19 11— RAEZHRL, BMIRICH LU TELEET
ELTTHBES BT EAUREINTHRY, URY=LLHT
DHBEELFEDEZZ N ZY, UL, RPSISO U R
Y= KPSV TOBEN DBA OKEICEETIMhES
RHTH B,

5. 5q RAREBRBOFREETFORR

1974 41T Sq REGEBRBSAD THES N TLLE &
HET, TORRBHECATTEROIN—TI2E>T
MEBERINTE R, CNETR5q REET DEL
DOENMEEETHEEEGTORBICHMNY, Mhi#s
FOREDRIFBBIEINTEEDN, WTFNBIELKE
HEhBicBES LSS, —%, Boultwaod 5%
5q REEFREETH S 115 il R L fHE % FISH < physi-
cal mapping [0 E > TUZEWICHD 28I CHESE KT
DORIEZBRLTERTY, TORE HEREERIL,
BARAYIZ 5q32 @ D5S413~GLRAL @ 1.5 Mb OfHEELIZ Kk
o, FRBGTRIOEBICEE T OEOER
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PIM-1

Neplp
RPS19- . FGF-2
e WA

RPSI9DYBE ﬁ

B 5 RPS19 OEE (UM 29 L i)

Pre-rRNA
l 18S IRNAD &R
18S rRNA

'MW—AU% * — — HririNEY] —-—-——(—b@
TOBRE / 408 ;

WY~ LB R

RPS19 1213, B ORPSIOKEEY NIBEEINTNWS, 2 &b 7HHKOD
YR ESUSEMNNEET 2 ETFHAINS, RPS191X, 185 rRNA OF# &
40SIHT 1y FOBRICARRTH S,

FigenEY, Lk, BoE7 LIV EOEEBETFICH
FBRBEDP O EVWISHMETEL, LR EELNH
T EBRE U Sq REEBRHOBEHFIHREEINT
Wiah-o,

% Z°C, Ebert 513, 5q REFEBMHITI D 40 HOW
ThhOBEET O haploinsufficiency I L > TEU B &
Zz, BREBGTZ2RAET D 0H LR AEEZERL
O, HBEREEEOEETEENET S
shRNA ZHWT, 5q REEBBHOR D AHENIEH
[ERIROHLEEE DL VRNRORAEE] 22
BROICHRETESN 2B ELEETOREZRAHS
oo FNFHOBRGTIINT 5EEO shRNA &L > F
WA AR Z—TCEFOE FEFH¥D CD34 I
EmAERARC RS, ERETOREEMRL =
RECRMIREERIRRICHEEFEL =, FACS 2H
WT CD41 & GyA B ZHIE T 5 T e RL o TE
B/ RFERORBREHUEL LB, RPSI4E) V7
Ty UEBEIROA, ERIK/RIFROLENARIC
WIS EMHBLE, 351, Sq REERHOR
EhoESN/ CDM BEEMMICL > F UAIIVAN
74— RPSI4 2 MBI ED &, FRMIRSEAE
HELENHESMITA >, £F, RPSI4 OFEE%
i % 7= TR-1 §1#9 T3 18S rfRNA O AR E S E U, 30S
fRNA BIERRDZE R & 21S - 18SE rRNA B (A B L O
L /= 18STRNA ORZHBERIN/=. S 5T, RPSI4
D)y I AL, 0SNG Ty RORZEHALZ
EHHENICE o, S REERBSIERICHELUL
BHRIEREET 5 DBAICS, RPSIQRREDYRY —L
FUNDEEFOERRS SR, 18SRNA O Tty
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ST DRENRDOSNDB T EMNS, RPSI4H5q Kk
EEHOENBETTHATENBIRBEING, L
L, RPS14 OBERER LI RMIRMLBEE LB ER T
DT THBEEDLN S, RPSUDKREBLEZO—
UMIEENRIDEMICEEL, Bl TaEEst
HIUFIZER T 570120 AN FEESKE
THdEEABND, TORBEUTEIHEGEINE2
DOBETF (EGRL E CINNAL HMEHTH YW, o
NS OBEGETIE SqREEZHT IHREREDEHI XY
MDS 38X AML OIGER RERICHFEET S 9EHOHE
BETORIZEENTHEY, CoEBldsq Lol ®
CROAT —{ICHFEELTWT, 5 REEBRROLE
REFEHSIZEELTORL, LML, BEAEOBRE
13 5q DR ERFEEEMAREL TWBHED, RPSI4 DRE
EREHCINS OEETFORENEL HURENENS 5,

6. URY—~ADREICERL/KER

DBA & 5q REFEBRE, URY—=LZ NI ORE
Lo TESE FOKRETHS, UL, —HOEXKM
BB AL (dyskeratosis congenita’ (DKC), cartilage-
hair hypoplasia (CHH), Shwchman-Diamond $E & &
(SDS)) OREBLEFENS L2 TY RV —LERICES
LTWBEZEZLNTWS (60, IhooESR
i BHAROMICAERFESLRVAREZRLELTY
5,

SDS W, S ERIADE, - IEALRBE DR, B D
AEPHMMOBREREEZHRBETLIRETHS. H
W& =T SBDS DEMIL, BMEICRETSY 2%
Z2O=-RU, URY - LERIEEBLTWSEEX SN
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YRY—LOBEEEE
\ l J
7 ™
HRORE
\ J
FRAREF
Diamond-Blackfan & i1 RPS19, RPS24, RPSS17, RPL354, RPLS, RPL11
SqREIE & RPS14
Schwachman-DiamondfE{&8  SBDS
Dyskeratosis congenita DKC1
Cartilage-hair hypoplasia RMRP

6 URYV—LADOBEREIIX> TESDER  URY —LF
DBA & 5q REFEHEBIE, VRV LAY NIV ORBIRE>TEZE D
BRTHD, —HOEREBB AL (dyskeratosis congenita, cartilage-
Hair hypoplasia, Shwchman-Diamond ERZE) ORRBETFEL D LTY
B~ ABRREKEELTWREEZSN TN, INS5OHEAIT, B
EOMIERFHSCHEBAZEREZHRAEL TS,

’C‘A%)“"‘Z)o

DKC REEomRaFLE MoEHE HEOHK
EREMEL, BHASLEHEICAMT DARERAT
H5, BEBRICLD, XHEEEHE BROEKEEEDS
ORI REREEEO I DOY L THALNTVDN,
BH%WX E#% DKC OFEERERE T DKCI OEY) dys-
keratin 1%, rRNA Op#E T O X =2 O RNA B4 @
FELICHEELTWS, URY—LBHROBELTOA
L —ZEMOETOmEN DKC OREICEEL TS
EEZSNTVRDY,

CHH I3, BHOBEREFRICLETGE EBEOEE
B U SERED, Bl ERBARRERBETHER
Tho, FRELET RMRP OERICE>T, rRNADY
Oty TREEINYRY —LAOAKRBEEIND
25 mRNAORBHEDRSI RO RU 7 DNAOE#HS
EEIXN THEERRENBRIND EEZ LN DY,

7. 637UV

Blackfan-Diamond Anemia & 5q R &ER O 7 HBF
EDEHICOVTIA S, BROHRIE, URY—LD
WEEEEO-DITAEL SHROREEN DBA ® 5¢ Rk
EFEROFRMIEROEEZSIZEITHLINAATZ
ARTHDHTEEHOMI L, BREMKRERTHS
5q KSR L EREMIDEER Th 5 DBANLED 7
FHBIII S TEL TS ZERHSHITRY, kS
CHERPRERSID S Eichko . Ll £E
50% L4 E @ DBA OEFIOFERBEFIIAPTHY, 5q
REFEBRORENZSICHH S NZRTIAL WY, AR

WHIE S 5 AR F A SIERT OPFA, BEHRTBR
EREBALEORACH SN MIEBOHEMAICKE
RERMVEEZDEBDNS, 5%, [URY—LHH]
DIRREASBREIRES, NS ORBICHT 2 kix
BHREORRICEND Z NI NG,
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