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Figl. «-and f- globin genes

The solid box shows a functional gene, and the open a
pseudogene. Locus control regions (LCR) which
regulate the globin gene expression locate upstream of
the & -, or { - globin gene.

The both «- and §- globin genes are composed of three
exons,
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Fig 2. Pathogenesis of thalassemia syndromes.
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mutatlon Table I. Haplotype analysis for -31A-G chromosomes
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Fig 3. Frequencies of [ -thalassemia mutations found in
Japanese.
The dark columns stand for heterozygotes and the light
for homozygotes. ordinate : mutations, abscissa:
number of families

FIFEOMRZ MR T, HARADYF T L3 7ilfar
DERE NP HELNTZANEZ BT 5.

1. BYZEITOEETFEE

OEBRDANRY b5 2019974 £ TR C179H
FAHE SN TWBEL, €09 b5 (20%) 2%
HAMIFERER TS (Fig. 3)5, [IARADE
BELCiE, -31A—G (17.2%), 2 F¥ (CD) 90
GAG>TAG (ter) (16.8%), IVS-11-654 C—T
(145%), TVSIL-1 G—A (11.1%) D445 A3 434l
D60% %5, #<LCD 41/42 TTCTTT—TT
(7.3%), BIIHCD ATG—GTG (42%), CD 127/128
CAGGCT—CCT (4.2%), CD 121 GAA—TAA
(ter) Z ANBE, THOHIERNIER DI
BlihHw, ERANRY NG ARO[ FHIEL N
WM>TWaB I ET, EIEFONMPHOTHEY & &
Sz, TOEROREY EY T LI T OLRMNET
d b - LWFET, 2, SHMOERDS%Y 1E LY

, J I e ESBEERIZHAANCL
PRALREVWE O (31, CDY0, BIHCD,
CDI127/128) EAEAWCZ SR eNb b0 (IVSII-
654, CD41/42, IVSIL-1) THER SN TWLH I &
I o 7212, IVS-I1-654, CD41/42i% R R #E,
WH7 VT ICHOTE L, TS OMIgh S oEs
FOWADZ 72, IVSIL-HEHFRIZZ WS, il
A, HERAZZ ORI L2 RPE (CDI1 C

polymorphism 5'e/He  Gy/Hdlll Ay/Hd OB/He  3'9B/hc  Blave3’  p/Bam
heterozygote 1 - + + - + - -
(Tohoku) + - - - - - +
heterozygote 2 - + + - + +
(Tohoku) - + - - " .
heterozygote 3 - + + - & +
(Tohoku) - - - + + N
heterozygote 4 - + + - + +
(Tohoku) + + N B M M
heterozygote 5 - + + - + +
(Tohoku) - - - _ + _
heterozygote 6 - + + - nd I
(Tohoku) + + + - nd .
homozygote 1 - + + _ v "
(Chiba) - + + - - "
homozygote 2 - + + - + +
(Akita) - + + - " +
homozygote 3 - + + - f +
(Chiba) - - - - + "
homozygote 4 - + + - v + -
(Tokyo) - - - - . N B

The polymorphisms detected by endonuclease on the B-globin gene cluster were
determined at 5’ (Hinc ID), Gy (Hind 1D, Ay (Hind 111), $B(Hinc 1D, 368 (Hinc ID), B (Ava 1) and
3’8 (Bam HI). The + and - stand for the polymorphims recognized and not recognized by the
endonucleases, respectively. The major haplotype [~++-1--] linked with 31 A—G is seen in the
inhabitants in the east part of Japan, while [----++-] is found less frequently around only
metropolitan area. The latter might be brought about by possible gene conversion of the former.

»T) AL TOBHTRERZSTWDY, OARA
BTt I TIEBIDORA0% DI RO E R % HF 1L C
BY, BYVIZHARAMEOERTH L,
OFTEAE  HANCE LI ILI 7T OFEEY
R L v & b Tn228, EfE14 (CDY0),
HRRI9%GR (31 0 18%5%, CD24 GGT—GGA 1
KR) VAAAET B P St o7 (Fig 3).
oA EEE (EMWEns LT3k Esh
) EERER UNIRILERAE O A TRESEIR) v Ry
T, HERMBEWELIIETHS BT 7TDERE
B Th s, FHZ, 31 A-GOERNFNHAAN
DEFFTEITEMROPTRERDEZ L ZoT0LER
Wik, FOREEAERSAAER T CELATETDH
STl EREZLNLY, 2N 24 GGT>GGAD]
FARIZMBEAEIC L DD DOTH 729, CDIOT ¥
LU AERDIFERTEETH A39TTH LV, E
T 2 B BRASHER T 2o,

OMPRRY A © -31A—GIZE BRI AL T 128 »
W Wby, A EERAKRL LR
W, LaL, Fogruae riEErionsa s
T OHP TR 2EEARE S hTB Y, BED
BT 22D Vb o LM SN S (Table ).
HAAD NI 5509 % &, 2T
FCWBH, )i, 2HFHICEZVERTHSHCDIOD
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Table II. a-thalassemia mutations found in Japan
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27
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HE 7 V7SV E W) IS EI M ZE 2 oh
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G - 19854 IZImamura & 12 X » T X T
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o TWAIREVED D B, 19934 1CFK 4 & i FEXR
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12140 (3/2008) OMUET, MM XD HDTH
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7z,

I ocHIEIT7DEGEFER

OREEET | o« 7Y VEfE B LT 2 A7
T 57202 248K TH 5 AN A FH4MAEAES
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non SEA
15
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)
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Fig4. Frequency of «% thalassemia chromosomes
found in Japan.

-SEA : Southeast Asian type, --FIL: Filipino type, non -
SEA :not - SEA, and yet undetermined.
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Fig5. Deletions of non -
chromosomes.

SEA type % thalassemia

The symbols, + and — denote the portions of normal
and a half gene dosages, respectively. Dashed lines
indicate the presumed deletion size in each «°-
thalassemia choromosome,

RELZDDR ¢« 5€3I7 (-/), HOAER
RL72DbOR oI T7HMBE (/) EBHL
Twb, TOMAEbEIZLD, 4MWRE («/-),
3R (HbHIE, —/-a, 2MRE («HF5EIT
B, ~/aa, -a/-a), LMRIE (EREGREPER
HE:-a/aa) OFFXI TRENGFAET LS. K
BB WIE BRI L0, A S DK
0, Z2EETRD A, 3K ETIZHHE
ZoRTHDHW (-/-a) BAEL, PETHEHPHA
ANIHFAET S (TableI) ™. EREZET S o YT
I 7 OREBSIZERIEOBRAE (—/aca) ThH
5. 1KY (o/ae) BREIERTH S, HbH
WHOWREZL 5,

@a I3 7 (/) I REWIHEDOPREZFHOE
BTOAYSMIENRTWEY, HRAD (/) T
BHHET7 V7 (SEA) 8b-2b%LK, «"WF
LI T7ORMUEEEDL I ENSh -7 (Fig.
4). -SEAFZZF0H/OEBY, HKET IV TICHD T
%\, FORIME @ a 2~301F TORI20kbIT K
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Table III.  Frequencies of a single o and a triplicated o chromosomes

o "-thal (-o/) triplication (ouoece/)

Tohoku 24 (n=1548, 1.55%)
(-’ type, 24)

36 (n=1515, 2.3%)

Ube 2 (n=803, 0.25%) 6 (n=803, 0.76%)

(-a*1; -0t 1)

p<0.01 p<0.01
LCR . & A ob 3 B
- - el
Jpn-sptSEE7 B = uam
No1 = T S W — A
Jemrmssesnm————————]
No2 R T
[ — . S—
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o]
No4 = - ;
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No5 [ !

Fig6. Rough estimation of deletion for novel & f- and
&y 0 [ - thalassemias.

The top is the Japanese-type 6 f- thalassemia already
known.

K0 W SREENTVADTEF v v 7PCRICT
HKHBHBTRETH 2w, RICHIEDEHDIZ 7
4 D EYH (-FIL) TH5H. ZOWmIEHEA 25
&L, ~SEAIRBE SR T- B 250l g & 7 - 7220,
oD Do T3 7T OBERIGRZH I SIE SN
TV, gene dosageiklT X O K FE MITR I
EOMTAEE, O, a0 7B VG EED20~
50kb, @ (,a 7 UE ¥#{L % 5 T200~300kDb,
D16 Jeta R 7 7 X 7 T2 5 300kb 2L 1, Z
LTD,a 7Y VBIETIEKRMALTWDE DI,
Z® FiPDlocus control region (LCR) &KL 7z
AT, DADITHTHEND T Ehyd o7 (Fig.
5)2, FRTTFUATIIHRMAL TS, K547
W OPDORHORL S 72 BERPOERB EEZ N
5. CNOHIZHARNGH OERTH 2 W HEVED .
O HAANTO o " F £ I 7 OB IR
EHhoTORWD, ENHREE»LWEE, B
FEITDOUSREOHIETH L. LarL, {EHI
FIAIE o T 2 3 7 THEED W S &I
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Fig7. Hb levels of the dominant-type f- thalassemia
mutations.

Presence (+) or absence (—) of Heinz body is shown at
the top. The Hb levels for CD90 mutation is presented
as a common f- thalassemia control which gives the
average Hb levels of 114 g/dl
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Fig 8. Pathogenetic relation of unstable hemoglobinopathy,
dominant £ - thalassemia and thalassemia minor.

BHLETHD. o7 7R R o R
WHR a2, HAATIZES~400AIIFIEET, 3
TBIIX XD HEle )7 AT SR (Tablell) »,
ARG E D F T LI TRIET (/) AW
WENBIE, COMELTHESNDSER o 7
Y YHET (daa/, aaaa/) DRIAIFIZE
VDT BB Fo,

m. #HLWRRBESSE2I7

HAKNICIES fH I3 7155 (Jpnkl) 34
S5NTWBEY, o f, 6, 7Y Vil{nlo4ai
ERMU7ZZH LS YT €3 7H3BIME SNz,
RS/ B ETH Y, H—DERTH L
HetEdsinwv, EHIT, eyd B T3 7 H% 2 Fi
Biish, 2095 1B FLCRL HOTRELT
Wiz, IRSH LY I I FAHARAIMD TR
Ihansz (Fig 6). (CR#H)
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Fig 9. Erythremic compensation for anemia in the f-
thalassemia mutations.

The circle represents the mean value for each
mutation. The solid line keeps the Hb level of 11.4 g/dl.
The mutations below the line have hemolytic
involvement,

V. NIF2 hBEBHSEIT

F 5k 3 TI/NERMEARMLERSE & W 9 FIR T EN:
BIrEEZoN520% BERE LTEHTRET
bbH, LIHP, ~HOBETRETEINTOHS
HKTHY 0, BIERFHHATLIERRD 5.
Iz FIF b (BRER MYI7eIT7ERL
TWa?, NORFETHERBRI N6/ 2 RT (Fig.
7). CD110 (C—T, missense)®, CD127/128
(CAGGCT—CCT, deletion)*», CD121 (GAA—
TAA, ter)?, CD131 (CAG—TAG, ter),
CD115 (GCC—GAC, missense), CD125 (-A,
frameshift) TH Y, WITNLHARALH T LI T
R B HL R 14g/dl% FTH S, £72, SO
WCHIM, WEIES M5, RICB2HETEEFL
WHeinz/MEDPRBIICE D Sh, T oO8%H
“Heinz body thalassemia” & dF &N 5, {4 #H
(CD110, CD127/128, CD121, CD131) T
WEHeinz/MEIZFD SN »WAY, CD127/128, CD
121 T M Heinz/ME2BIZE S B, CD121Tid,
TR (0.05-0.1%) PDtruncated peptidedSEHER
ENTEY, HENICERFEHLIMES N TLERL M
MEEATwWLsI P23 oNz®, Larl,
CD127/128 CIZ TN BB S Wz h o 7w, F /4
BRHESRKKBETRVT NS REHbOFE LR
Motz —H, MCVIZZDOMITREITKE

(e BENAH 5., ZHITHERELED —~HTH 5
P, HeinzZMEKAZWiFE, 52 I70EMTH
B [NERERIMERE ] OBEFEL Y, REEIM
BEOREYPR B - TL BT EERLTVD
(Fig. 8). 230, BEHb (BHRFE) OPRREN
VT EFOERIIBDTH, ELT, D20WIZIER
BE3hi{AY, HeinzZMRkoaprBians, &
DHeinz/MRIZIEF A SN o« HEWKERTH 2
DG TVBED, ¥ ryid o REE
(BAZE) W2k b L \MmER, Heinz/MEIZR S
Ny, MNRELRS (0F), BEMYS L
I7). FREVIMELNERERRFRPOKN
DRERICUBINL 0 EEZLNLTWE®,
IFVIMEAHTEITIE, BELLEE I uL Y
DB H LN R, R L, Bk
o TldHeinzZMEM %2 &7 L= RE (0 h
DOAEZEAPREE TSI 7OM) LESITSN
5.

V. FMIBESEES T EIT7

Tt I T I/NRILERE CRES T 55, Ly
L, A2 5 L3R5 4w, 2R TORMERE
(RBC) &MCV (H 5 \WIZMCH) O % Het
flcEhEFh7ay PLCTABE (Fig. 9) k9
%5, BINTuEak, $XToORKBa F %
B, zomozREzEthEh -8 L k- T,
Hb=114 g/dlD it HICEFT 5. 2F D, MERDS
NS BB EMBRIME L % -T, 114 g/dl®
HbfE %582 9 &3 2 REHBEFE T2, 3
FTEITHPLMETHEILINDE Z LWLl 0
HAZ ZIWZH 5. FIC, Btha FroZRCldRin
HKFE L AS O TL T RMIRMESIE &2 7R3,
7272, BT N ERTHERMIRAS —B L /A S W»
DPRIEM SN T, —J%, S1FEEAR
RPRIFY IS TEI 7 TIRIAL g/dlD T4 v
5TIZAN, H I E TR W LRG0 5.
DOF 0, BAMAOEL RLED,

VI. #& AR

HARANIHEONE Y S 4 I 7 OBETREE &5
ZHURTH Do T0AH I ERBRIZ, H72ITE
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Gene Abnormalities of Thalassemia Syndromes in Japan

Yukio HATTORI

Division of clinical Laboratory Sciences,Faculty of Health Sciences,
Yamaguchi University School of Medicine, 1-1-1, Minami-kogushi, Ube, Yamaguchi 755-8505, Japan

SUMMARY

Japanese individuals with thalassemia (thal) are mostly heterozygous and asymptomatic except for
microcytosis. The frequency of f- thal in Japan is one in 700-1000, and that of «-thal appears to be
one-fifth of f-thal. Mutations for f- thal is heterogenous, with 8 types of mutation comprising almost
80% of all Japanese f - thalassemiacs. About 40% of the mutations seem to have been contacted from
abroad. Twenty homozygotes from more than 280 thalassemiacs have been found. Eighteen
homozygotes have A-G mutation at the second base of TATA box (-31 A-G) bringing about relatively
mild phenotype (f*). The -31 A-G mutation is most frequent of all Japanese f-thal's. Six rare
mutations, despite being heterozygote, showed hemolytic anemia which is also called, "dominant-type
thalassemia’, and some of them demonstrated Heinz bodies in the red blood cells. The microcytosis
which is characteristic of all thal, is well compensated for by an increased number of red blood cells.
However, dominant-type and homozygotes for f- thal have not been compensated, resulting in anemia.
The initiation codon mutations, in particular, have revealed remarkable erythremia. More than half of
the « thal found in the Japanese have been of the Southeast Asian type (-SEA), followed by the
Filipino type (--FIL). The precise breakpoints for nearly 40% of the «°thal mutations remain
undetermined. However, rough estimation has suggested heterogenous deletions. The «*thal
chromosomes which are the base for emerging HbH disease, have been found in 0.25-1.55% of general

population.
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