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1 large intragenic deletion in RPS19, which was not detected by the
SNP array. This agreement between detection results suggests that
the s-q-PCR copy number assay could be useful for detecting large
RP gene deletions.

In the present study, 7 DBA patients carried a large deletion in
the RP genes. This type of mutation could be underrepresented by
sequencing analysis, although in the future, genome sequencing
might provide a universal platform for mutation and deletion
detection. We propose that gene copy number analysis for known
DBA genes, in addition to direct sequencing, should be performed
to search for a novel responsible gene for DBA. Although at
present, it may be difficult to observe copy numbers on all
80 ribosomal protein genes in one s-g-PCR assay, our method
allows execution of gene copy number assays for several target
genes in 1 plate. Because our method is quick, easy, and low cost, it
could become a conventional tool for detecting DBA mutations.
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Recent Progress in Iron Metabolism and Iron-related Anemia

Hideo HARIGAE™®

Iron is an essential metal not only in oxygen delivery, but also in cell proliferation and drug metabolism,
while it is a very toxic metal producing reactive oxygen species (ROS). In order to avoid the toxicity and
shortage of iron, the level of iron is strictly regulated in the body and cells. The central player regulating the
amount of iron in the body is hepcidin. Hepcidin inhibits the release of iron from enterocytes and macro-
phages by accelerating the degradation of ferroportin, which is an exporter of iron. The amount of cellular
iron is regulated by the IRE (iron responsive element) and IRP (iron regulatory protein) system. IRP1 and
2, whose activities depend on the concentration of cellular iron, bind to IRE, and regulate the translation of
iron-related genes, which have IRE in 5’ or 3' ‘'UTR to balance iron uptake and utilization. Iron is utilized for
the generation of heme and the iron-sulfur (Fe-S) cluster in mitochondoria. Mutations of genes involved in
heme biosynthesis, iron-sulfur (Fe-S) cluster biogenesis, or Fe-S cluster transport cause an accumulation of
iron in mitochondoria, leading to the onset of inherited sideroblastic anemia. The most common inherited
sideroblastic anemia is X-linked sideroblastic anemia (XLSA) caused by mutations of the erythroid-specific &
aminolevulinate synthase gene(ALAS2), which is the first enzyme involved in heme biosynthesis in
erythroid cells. However, there are still significant numbers of cases with genetically undefined, inherited
sideroblastic anemia. Molecular analysis of these cases will contribute to the understanding of mitochondrial
iron metabolism.

[Rinsho Byori 58 : 1211~1218, 2010]
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Figure 1 Distribution of iron in the body.
Seventy percent of the iron in the body is utilized in erythroid cells, while 10 to 15 percent is utilized in

muscle and other tissues.
phages.
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Iron is stored in parenchymal cells of the liver and reticuloendothelial macro-
The amount of iron in the body totals 3~4g, and 1 to 2mg of iron is absorbed and lost each day.
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Transport system of iron in the body.

Ferrous iron is transferred to plasma by ferroportin, the basolateral transporter, oxidized by hephaestin,

and then carried by transferrin.
the plasma.
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Ferroportin also transfers iron from reticulo-endothelial macrophages to
Hepcidin suppresses ferroportin by facilitating the degradation of ferroportin.
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Figure 3 The expression of iron-related genes is regulated by the iron regulatory protein (IRP) and iron

responsive element {IRE) systems.

In a low iron environment, IRP1 and 2 bind to the iron-responsive element (IRE).
5'UTR IRE, they inhibit the translation of ALASZ, ferritin, and ferroportin genes.

When bound to the
On the other hand, they

increase the mRNA stability of the Transferrin receptor, the DMT1 gene, when bound to the 3'UTR IRE.
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Figure 4 Heme biosynthesis in erythroid cells.

Iron-laden transferrin (Fe2-Tf) binds to transferrin receptors (TfR) and the complex is incorporated into
endosomes. The iron transporter DMT1 transfers iron to the cytoplasm. The iron transport pathway
from the cytoplasm to mitochondoria has not been clarified. Eight enzymes are involved in heme synthesis,
started by erythroid specific 5-aminolevulinate synthase (ALAS2) and completed by ferrochelatase (FeCH).
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HAS AL A4 = Z%003, BRENENOS
Wik e LT, ~EVuty 12gdl LUF, BEs
fiE 360g/dl B4 L, WLH 7 = U F 2 f# 12ng/ml BL R %
HF TR, BXZHETMOBRICBNT, i
72 Y F UMK FIE TEZRATRTH D L2 B,
B, BHRXEFEICLSEM

LA OFENIT B W TIE, BoFMESIc L
FUlaE 5t 505, ZOREDOTLERB S (-AT
YUVTHhD, Thbh, Bt RSV Ick
DANT LT ORWMNTLET D Z iz k v - 150,
w7 a7y —IIBITB ferroportin & A L= Bk
IR A & B 2 LA £R S Bl
WINTH D, B & v Llichiz v g
WAMKET D &, DERMERE AT D E SR,
MR DI E AT D 2 Ehvd, BEELFECES ]
M B X Z MBI & b g s, Hrnkskitse
BOMLL TR ZHBIM TR 7 = YV F L BMARIRHETH
SOEHL, BMUERIEICHEIBNTIEZT =) F 4
BEfiEed, BRSOV TD, BMEFECEI R
MUEBRAIABFH D TIX AR L, KEBOay ha—ai
£ B RIEDHE LN AL 2B,
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Table 1 Inherited sideroblastic anemia
Inheritance  Chromosome Gene Treatment
XLSA* X-linked Xpll.21 ALAS2 Vit B6
XLSA/A** X-linked Xqi3.1 ABC?7 —
A 1
SA/GLRX5 L oSomal a3 GLRX5 2
recessive ?
SA/SCL25A3g  AUtOSomAl 01 SCLosA3S ?
recessive ?
PMPS*** Maternal Mitochondria  Mitochondria e
A
TRMA*#x* utosc?mal? 1¢23.3 SCL19A2 Thiamine
recessive ?
t i
MLASA**#wx  Autosomal ) ) o PUS1 —

recessive ?

*X-linked sideroblastic anemia,
***Pearson Marrow-pancreas syndrome,

**¥ linked sideroblastic anemia with ataxia,
****Thiamine-responsive megaloblastic anemia,

*x***Mitochondrial myopathy and sideroblastic anemia

C. &FRiEaMm

PRRERMER LI, T 381 B BUIR BRI B
M ETA3BMTH Y, FOREIX, BRoOFIUKE
WMEHKETE I hary RYTAOHSOREHRT
BB, HHEBRIERIEREEO - TH D% A AR
PEEMLIZ DWW T, BRI B F 5] & AT 22
A TWRWAS, #H{aM gk SRR UL, -0tz
ABIC X VRIS B0, FOEEEMIFTSZ
LI EVBERDIZIE A B =X LM TE S, 83
{51 0D AT B S ER VL 10 190 5 % 4R U Foie D D T
Tk, ALAS2, SLC25A38, mitochondria DNA,
PUSIH i R & AW - HILIZF N FR 37%, 15%,
2.5%, 25%TdHh 7", 43%IZB W TIZEEBOM
RS ST, ZhUNO RO L (4
W &Y T B AR A3 % < fF(ET B
b LM END, LUF, ARG SkFERYEE IR
L FOKINBIE (I OWTHINT 5 (Table 1),

1. MR 5-73/ LT UEEEAEER
(ALAS2) DERIZ L 5 X EHEEASFREAM
(X-linked sideroblastic anemia: XLSA)

FRULER 57 2 2 L7 A AIREEE (ALAS 2)

BV LRI = A CoOAREELTI/ LY

U Uik d ST A RIMERIZRBIT DAL BRDOYIIERE

HThHD, Z0DALAS2 DEFIZ L » THRET 58k
ERYE B A X OB Bk ER M B il XLSA) TH 5.
XLSA 138 fmtth B £k Bl o0 v Tt b HUEASEIV,
FRILERB T A VA A TH D ALAS2 OBAR (- S
X fe(afh (Xpl1.21) TH D T A3 1992 I b &

—1216—

W, X6 XLSA TALAS2 KA HE S W
e T, ALAS2 M XLSA OB NBIEFTHHZ L
DR ENT, AME FOBRIZ &Y ANLBEALR
fEiy, I hay RY 7 ToMINESESRE Y,
HRELTREFERMRBIREINDIbOEEZ LT
3. WAIXALASZ W L BRI IEIE A & V WGk
WIS B fo iz ALAS2 Rifle 7 A& ER L.
IO AREMOEY, KE1S HETR¥ECL,
FORFRITIZFOLGHRD b, ALAS2 DR
REFRICBIT 2N 2 EERZ T2 Lal
kil TRETIZ 40RO XLSA
MR ER TWBH*, XLSA OBIKMERIL, /M
KM, BB RIRNE, UIWIETH L & &,
UL LEORBEMNE % 32 B6 OBGICKIETRZ L
ThbD. ALASZ IHifE4 L LTE X 2 B6 #4408
LEBM, TI/HBENNDD L ALAS2 OREE
kA, E% 32 B6 OB HENRIKETTS 2
EMPMEND, ZOMARENRETIEMIEBN
TIXE % 22 B6 O KEHE FIC THREGPEDIR T4
S EMnfglEx b, RERIT in vitro DEETERE
Wi gt &, BRI A ED Sh T b,
2. SLCZ5A38ERICKZBEHEREES X EH
HHFRER M
SLC25A38 133 baY KU THNBUCHEET S M
VAR—E—THY, FRERICARIEHRL TS,
TS5 71 v o= Tk, SLC25438 @
KT SN D L ALAS2 K & 8BL T
foo ETz, yeast BHIWHHTTIX, SLC25438 DX
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HIZ~LARBHREL LU, ZOAKKERISY
S, TI/VLTYVEBOHMEICEYL AFa—&
nhazk, 223 =ACADI bay KU 7N
BIRETLTWARWT &b, SLC25A38135 Y &
ORI L TWA LEL ENTNSY, L
PS> Cy BRIFERYL T I O RS 13 ALAS? 45 1L L
RIS THHI EMTREIND, RidO X 3 Atz
FOEEIT ALASZ IO THEENE L, HAAR
BOWTHLEOMKTBLELEDbNS,

3. Glutaredoxin 5(GLRX5) ZERIZ & ARFHRE

=Yl

BE-FEI 7 T A& — 13- {m&R, TCAY A 71,
DNA M2 E R AR IC D B A B Ot
PLOTHBEHN, GLRX51%, 2 by FUTIIZRIT
SE-FEW Y TR —DEGIRICEb A RIETTH
b, Wk, GLRXS5 Bz (-OERA, MG BHER
HEMICRTRES Y, GLRXS #z-T-0%
BIZ X B ERIBIRD A =X BN TR TO
EITEXLNTND, HIASEIEN WAL,
VDR TR E—BIBREND T L5,
IRP1 {X8k-0i0% 7 5 A % — %49 % aconitase & LT
BREL TWDM, BRIz LEk-hikr 5

AE =W AN A2 BT, aconitase & LTH

BEREZRW, IRP & LTHERET B, GLRX5 OERIC
XV BTG TAZ —BAST T3 L, IRPLIX
aconitase TR < IRP & L TOMEREA$MT 52 &
Y, BATEET B b T, MIA OB
BRI - BET132e <, HUVOSARMHEA~I<, 5%
12, NLRIKBOALAS2 OBz Y, 3k
2y FYTTONLEEPETL, XLSA D A
H=RXAZEY, T hary RY T TOROLEMNSE
HINnd, ZONLBGEROBRTIZEY, $5—00
IRP CT& % IRP2 O A S R D8R, #RH
PHOWVIABADL 7 MR SLITREEND L2 X
bR T3,

4. ABCOB7ERICK 5BB&AEES X EyH
#SFERM B M (X-linked sideroblastic anemia
with ataxia: XLSA/A)

XLSA/A X1 > XLSA & [RIBRIC X Befnidrs gy
L7e#IZIER & & BA3%, XLSA & B/ v 9B
IO - M OBEEREEERTE D LM
FETHDL. ITNETIT4ERD XLSA/A OfER
H5*, XLSA/A OEIMITIRIETH 0 B CER Y
HFHBADOENDLOD, XLSA & 5A D HBON:

—58:12 < 2010—

EEOMMIA L, RFRTORL T U LR
Hir LAKIIML T3, #H{RFEOMER S XLSA/A
BT D HEME 1% X13q 2 fu i+ 5 ABCB7 ¢
HEZEBRMLNn LR, ABCB7IXI bz
RUFTREETD LIV ARE—2—ThV, yeast
DIPIAVFEYT RIUAR—F—DATML OE b
FERSTHD, ATMI iX#-HEr 528 —0 3
hay RUTHLHIRE~OERICHEELTHWS &
E2BNTRY, ZOXRFUTMIBE TOS-HEN 7
FGRAE—DOREEERT, B-BE ISR X —HIK
{21845 GLRXS HRIC X A 8RBl & Az Y
XLSAATix7a bR vy o olimnieoh s
Zed6, ABCB7 DERIZE 5 8OILEIZ,

ALAS2 OFEFIETFT 2 h Lim~L&H AL TIEIRL,

R 22 i L LSOz X B aTHEA 0,

V.& & &

BIED7 T EMEITIC X v, SkoRBHIZIEH
BRF AT =X LMBEICH S TE =, B{EN
BRI BIMIIHARRBTH DA, FORKNE{EY
DEBIZEY I bay RYTAORIEEA D =X A
BIHLMIR > TE I, 5%, Hi-R2EREETO
MR LV RERYERTHARNI by RY TR
BT 5 EACHBREMST] S22 > T = LA
aha.
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