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Severe phenotype of a new mutant of P-thalassemia complicated with
P4.2yippon may have developed based on the oxidative state of the -
thalassemia.

Author : Chris Adhiyanto

Abstract
A new (3-thalassemia frameshift mutation was f d at codon 102 (AAC>ATCAC) ina
7-year-old Japanese male and his 14-year-old . Both demonstrated a more severe

¢

phmo type of mild hemolytic involvement uzm 1;1<: usual [ -thalassemia minor. No
mRNA derived from the thalassemic allele, or f ' mRNA, was detected in t ln sequencing
analysis of the whole mRNA (¢cDNA). However, a smeul amount of the B mRNA in the
whole fmRNA was specifically amplified by amplification refractory mutation system,
and 'leI‘ZthIi’LOlt,} the quantitative PCR demonstrated a negligible amount of B mRNA.
Thus, their more severe phenotype was not caused by the “dominant type” -
a considerable amount of the p mRNA is present. In addition, the

thalassemia in wh
whole PmRNA of the patient was as half as normal. The cause of the [J-thalassemia by
the frameshift mutation was ascribed to the reduced amount of PmRNA. We further

searched for the cause of their severe phenotype. However, factors that exacerbated the
phenotype of (-thalassemia, such as f;\f--g?e’ob."n gene triplication, coexisting iron

vl o

deficiency and infection were not found. Finally, we noticed that the red cell

morphology revealed ovalocytosis and small numbers of stomatocytes that were seen in
the hereditary spherocytosis (HS), especially by mutations of membrane protem P4.2.
2 gene of our patient disclosed heterozygous P4.2nippon, OF
missense mutation at codon 142 (GCT>ACT) on exon 3, the most common mutation of
_!npam se H ‘« Frequent mutations of other membrane proteins, Band 3 and Ankyrin that
were also a common cause of HS in the Japanese population other than P4.2 were not
detected. When HS by P4.2nippen develops it is homozygous, and no P4.2 protein is
observed in the red cell ghost by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, while, in our case, the amount of the P4.2 was almost normal. We
suspected the oxidation by free excess o-globin chain in {3-thalassemia minor might

'he camuienca f the A
he sequence of the P4

impair the function of altered membrane protein P4.2 by P4.2 ZNippon: However, there are
few reports f—ﬂmut the oxidative state of [-thalasser minor measured by

e (MDA) and total antioxidant capa(,‘m (TCA). Here, our study of
panese patients of f-thalassemia minor discl that the f- "1; lassemia

&

malondialdeh

thirty-three J

"\
a ysed

o

minor was related to oxidation that was evidenced by higher MDA and lower TCA
(p<0.001). In addition, glycerol lysis time ((JLI;)U\ that was invariably prolonged in
thalassemia was highly correlated with both MDA md ""(.f..-v" (p<0.01), or oxidation
Thus, the GLTse prolongation in thalassemia may reflect the membrane alteration or
injury by the oxidation. Such alterations of the .zln;mbmu:: in [-thalassemia may
precipitate the further derangement of the red cell membrane by heterozygous P4.2 ZNippon
to cause hemolytic involvement.

Keywords
f-Thalassemia, frameshift mutation, membrane pi "cm, P4. ?Nii“"m* thalassemia minor,
oxidation, malondialdehyde (MDA), tota lmmux dant capacity (TCA), GLTsp
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Abbreviations and Symbols

o alpha

AQP aquaporin

ARMS amplification refractory mutation system
i3 beta

bp base pair

cDNA copy DNA

C Celsius

CBB coomassie brilliant blue

CBC cell blood count

CRP C-reactive protein

DNA deoxiribunucleic acid

EDTA ethylenediamine tetraacetic acid
GAPDH glycerolaldehyde-3-phosphate dehydrogenase¢
GLTsp glycerol lysis time 50

Hb hemoglobin

HPLC high performance liquid chormatography
HS hereditary spherocytosis

IEF isoelectric focusing

mRNA messenger RNA

MCH mean corpuscular hemoglobin

MCHC mean corpuscular hemoglobin concentration
MCV mean corpuscular volume

MDA malondialdehyde

P4.2 protein 4.2

PAGE polyacrylamide gel electrophoresis

PCR polymerase chain reaction

PCV pack cell volume

qPCR quantitative PCR

RBC -ed blood cell

RDW red cell distribution width

RINA ribonucleic acid

ROS reactive oxygen species

RT-PCR reverse transcription PCR

SDS sodium dodecyl sulfate

! thalassemia

TAC total antioxidant capacity

TBAR thiobarbituric acid regression

TIBC total iron binding capacity

WBC white blood cell
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-

ptom, or more severe anemia. No abnormal

However, the patient had more severe sy
BmRNA, or B mRNA was detected. Thus, the possibility of the dominant-type -
thalassemia was excluded. The patient’s blood smear revealed moderate poikilocytosis,
including ovalocytes that prompted us to search for the abnormality of the membrane
protein of red blood cells. And it was found that he also carried P4.2 abnormality, or
P4.2nippon  (heterozygote) whose homozygote demonstrates hereditary spherocytosis
(HS).

Thalassemia major is reported to be related to ROS and is in enhanced oxidation
status, which is reflected by increased malondialdehyde (MDA) by membrane lipid

peroxidation and the decreased total antioxidant capacity (TCA). However, there was

little evidence for B-thalassemia minor on the association with oxidation state. On the
other hand, in vitro hemolysis by the exposure of red blood cells to glycerol solution that
is measured as GLTsp is abnormally prolonged exclusively in thalassemia " The reason
for the prolongation of GLTsg in thalassemia is not well understood. Thus, the
association of GLTsg with the membrane alteration by oxidative stress is also studied.
1 is likely to be a direct evidence of membrane alteration or injury in f-

(3]
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Case Report
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ovalocytes and occasional stomatocytes. These findings suggested that the patient was
afflicted with B-thalassemia minor (Table I). The same data were shared by his 14-year-

1

old sister who also was considered to have p-thalassemia minor.
I. Analysis of B-thalassemia

1. Identification of a- and B-thalassemia
DNA Analysis

The DNA of the proband and his sister were extracted from 2-ml of bloed by th
conventional phenol/chloroform method." Molecular identification of the tlmlahswmm
was carried out by DNA sequencing and by gap PCR for 3-thalassemia and ol-
thalassemia as described below.

Amplification of S-globin gene by PCR
The 1.9-kb DNA segment of f-globin gene was amplified by PCR using a pair of
primers (forward, 5°-AGTAGCAATTTGTACTGATGGTATGG-3"; reverse, 5’
TTTCCCA. \LE(JTTI(JL\(\( AGCTCTT-3"). The PCR condition for amplification of
[globin gene are, initial denaturation: 94°C for 3 mi nutes; followed by 35 cyeles of
denaturation at 04 ( for 40 seconds, annealing at 62°C for 30 seconds and extension:
72°C for | te. Finally, extension at 72°C for 2 minutes was added. The PCR
product was isolated by »1371033 gel electrophoresis, excised and purified by Qiagen-
QIAquick gel extraction kit.'® After dideoxy reaction using BigDye ® Terminator v1.1
Cycle Sequencing Kit (Applied E“}i(}fh}:b ems, Tokyo, Japan), it was subjected to DNA
sequencer (Applied Biosystems, 3130 Genetic Analyzer). The BigDye Terminator
condition are, initial denaturation at 96°C for one minute, followed by 25 cycles of
denaturation at 96"C for 10 seconds, annealing a ;[\ ’C for five seconds and extension at
60°C for 4 minutes, and after completion, kept at 4° C unt

il used.

Amplification of a~globin gene by PCR

Aboutl.0-kb DNA segments of a/-globin gene and a.2-globin gene were amplified by
PCR using a pair of primer (common forward, 5’-GATGCACCCACTGGACTCCI
GG-3’; reverse for o2, 5’-AACACCTCCATTGTTGGCACATTCC-3’, reverse for al,
5'-CGCCCATGCTGGCACGTTTGCT ‘GAG-3).

The primers Ior gap PCR for a-thalassemia (-c”") and a-triplication (oo v 7y are:
5'-GATGCACCCACTGGCATCCTGC-3"and S"—C.{ﬁ‘.Cﬁ*"l'(’i(]’l"(?(d \( GT lC GAG-
3 (for  -0*"), and  5-GATGCACCCACT GGCACTCCTGC-3'and ~ 5°-
AACACCTCCATTGTTGGCACATTCC-3" (for aca®™?7). The Fﬂ(,k uondmon for
. ication of a-globin gene are, initial denaturation: 94°C for 3 nn'uukw;' followed by
45 cycles of liuaunduon at 94°C for 50 seconds, nnmlmw at 63°C for 1 minute and
extension at 72°C for | minute. The last extension at 72°C for 5 minutes was added.

RNA analysis

The presence of abnormal mRNA derived from thalassemic allele L’;’fjrmii IA) was
examined using packed red blood cells washed three times with saline and stored at -
80°C for a couple of months. The RNA was extracted from 100 pl of packed red blood
cells using Trizol Reagent (Invitrogen, catalogue No.15596-018). After ethanol
purification, it was subjected to RT-PCR using Pri111c33c1'i131."m RT reagent Kit (code

RRO037A, TaKaRa, Kyoto, Japan) wusing a primer pair (forward, 5°-
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exon/intron boundari ies ot the P4./ gene that is often the cause of Japanese elliptocytosis

were also analyzed. Omm membrane p!ol;.lu& ﬁ‘ml—cyrm and Band 3 were also
investigated wnsu‘“sl 1g their frequency of abnormality in the Japanese population, in

which exons 1, 5, 6, 16, 17 ,,"_.' 26, 28, 31 and 38, and exons 5 and 6 wer .anal yzed for
Ankyrin and bLsz 3 genes, respectively (Table 2). The presence of Southeast Asian
ov«ﬂm vtosis (SAQO) by Band 3 mutation was also analyzed.
The procedure of PC R condition for membrane protein P4.2 gene (exons | to )) was

Initial denaturation (94°C, 2 min.), followed by 35 L\r'Ll' of dex nwwuoﬂ (94°C, 30
R PP, . W _ .
seconds), annealing (62°C, 30 seconds), extension (72" 0C, 1 mi 'mlc) and final extension
g 0~ - . + g A ¢ -
(72°C, 2 minutes) foll owed | ay coolil l!w‘ PCR condition for P4.2 gene exons 4 to 12

were only different on annealing u,mgmmm ()IJ C, 1 minute) and extension (?GUC. 30
seconds for exons 4 to 6; and 11, 12; and 70°C, 1 minute for exons 7 to 10, 13).

The PCR condition for membrane protein '-'-J.j gene was the same as that for exon 1
of P4.2 gene. Meanwhile, the PCR program for Awnkyrin gene {L:\'ow 5,16,17, 22, 28,
8) and r)zmd 3 gene (exons 5 and 6) were: Initial dumuumﬂun (94" 'C i min.), followed
by 30 cycles of denaturation (94OC, 30 seconds), annealing (6() 'C, 30 seconds),
extension (72°C, 1 minute), and final extension (72°C, 2 minutes) followed by cooling.
The PCR program for exons 1, 6, 26, and '%1 of Ankyrin gene were: Initial denaturation
°c, 3 min.), followed by 3‘: cycles of denaturation (’\)é‘s” C, 30 seconds), annealing
C extension (72°C, 30 seconds), and final extension (72°C, 2 minutes)

III. Analysis of oxidation status of common (-thalassemia minor

Thirty-three blood samples of [-thalassemia minor and 12 normal confrols were
collected from individuals living in Japan.

Analysis of malondialdehyde (MDA) and total antioxidant capacity (TAC)
The MDA in plasma that reflects membrane lipid peroxidation was l]]\;uhilbd using
e "m;'n!;v*": [0009055). The TAC which indicates

Cayman’s TBAR Assay Kit (ca

the sum of redox capacity was measured using Abcam (catalogue number: ab65329).
Statistical analysis was porlb"a‘mi nsing StatFlex V6 English version (ArtechCo.,Ltd,

Osaka, Japan, statflex@statflex.n

6




Table 2. The primers of PCR for erythrocyte membrane abnormalities. R
P4.2 ‘
lexon | 5 primer . R I
| 1 5> TAACCTTTCTACC k( ACTGCCCAGA-3° I CACCA’ f( TC('C’"GC‘(_"“'L\J}' 3
i 5’-GACAGTTCCACACTCAGCC TCACTC-3’ ATCT A
5'-GGCCTCATTTCTAG (an“suu TLnLqu I'GCT .
4| S-GTAGAGACAGAGTCTTGCT GTGTTC S.GGT IA[(JUG(\\,A(} CACTCT ACACA-3’
5 | 5-TAGGACAGTCAGGGTTCA f'}; AAT 5’ f T‘ '"TGCCTGTCTTTTTGTC CTCCT-3’
6 | 5-TTTAACCAGTACCAGG' | 5’-CTAGGGCAGC J(JTF\(IUU AAG [f\ (J -3’
7-8 | 5-ACTCCTCTTCTT CCAAGT ‘___ 5-CATGCCTCGTGCTTCTACTG TTT
9 S*-TATTCCTGTCATATCCATAG / 3 ’\CT(a»\A TTTCCTATGTGAA .L\G.L‘\Ji\—['-fw'
10 |5 (r f f(;(x AAGAGACACACTG TATCGG-3’ -TCCTGCCACTGT f\( TCTGT AACT-3
Il | 5-CCCTGTCTCTAAAACAAAACAAAAA-3 5’-'1‘.:'\;\'1";'&GGGCA‘l' TAAGAAAC TATGTS
12 [5-C uoa AGAGATGAGGAAA CTTACT-3 | $-AAGCCACTTGGTAGCCCTAA TCCTT-3’
13A E WTGGCTCCTGTCTTCTATTCC TTTAT-37 5"-GTAAGTTCTCGCTCTATATG TCCCT-3
| 13B | 5-CTTCCACTTATGCAGGAAG ATGAAG 5-AGTGTCAAGGCAACA r\f\r\’r\ ACATA
13C i 5-TGGTCCAGTAGAGAAATAT AAA \Lf”! 37 | 5-TTTTTACCAGAAAT 'ACAGT 5 GAT T(!
S e — ’X'II "! 1" ————
exon | 5’ primer J.lmmcr
I 574 (.LJ;(J\_‘:\ \’\(JUL:\,\ ATTGTGTAGAT-3> | 5'-AAAAATATGAAAC ]
5 | S-TTGTAATAATCCCAGGACGCCAGTC-3’ | 5'-CTTTGTCATTAGTCCCTTG!
6 51--;‘3\.:\6-&_:(}(;(,[ [ |{J(J[L](]‘\.(I(ii AGGTC 3’ | 5°-CTGGGC ,flC TGC j"(JCu*\JW
16 | 5-CTICT TGTATTGATCT-3 | 5-GAATAGCGTGATTAC
17 5-CCCTGCT lhTU 1 (: TTGATAT [GTCA- w‘ 5'-GGGAA'I‘AAGCAACLi TCTG/
22 | S-AAAAATGTGTGCGGCTCTAGTTTGG-3’ ST-TATAGTGCT SCGTGT 1(TT \f\u G-
26 5-GGCATCTAAAGAGTATGATGAGGAC-: 5-GACACCT" STGTCAGGAAAAGT-3’
28 57-TCCCGCTGTACTTCGTGATCATG lL 5°-CCTCACC _TTAACTCTC-3
31 5-TCTGG T(s\w\(u\JU\l(R ’ 5-AGGGTCTTGTCC [TATCATCTG-3
38 | 5-ACCCCGAATGTGCATGCATCTC TGT-3 | 5- TACCCAGGAGCCCAGAAGACAAAAA-3’
Band 3
exon 5’ primer 3 primer
5-6 -CCTGGACTATGCCTGATGAACTAAC-3 5’-AGGACGTTGTAGATGTAAGTGGGTG-3
| P4.1 B
exo 5’ primer . e 3’primer e
1 5'-AGCAAGACCCCAGAGGCAGAGGGAG-3’ | 5-ATTGCATTGTATCATGTGACCAAAAA-3
p 57- LT_[ TAGGGTTTAGGGTTTTGCCAAC-3’ 5"-ACCGCGCCCAGCCCAAATACTCTTA-3’

3 5-GTTCATGC [TTTATTGGTAAGATTA-3 5’-GTGAGTCTTATCGTGGGCAAAATCA-3’
4 |5 m;cmm ATCAGGCCACTGTACTCC-3* | 5’-TCAATGATGAAAGAATACACCAGCA-3’
5 57-GCACTATTTGAAGATAGTCAGTGAT-3’ §4Tiﬂl J’stlel [TACTCTCAACTC-3’
6 | 5- ﬂ—\ ‘GTTTGAAT \TT‘L SAGGTACTT-3 5-AATATCCATGATAAGCAAGGCC,
7 | 5-CTGTGTCCTTATTTTTTCTCTCTCT-3’ 5 TAGGCAAACAATGAACCAAT

8 5 T’\A AATACAGT (J»—\ %I,x TATAAATGT-3* | 5’-GGGTCTTGCTCTGTCGCCY
9 S™-TTGGTTGTTATCTTCAGATTATC I ’ " CTCAGATGACTTAATAAGG
10 7‘C'L|\_J\11],"XLTCII.’\TI./\{ T('_l_lf‘\\l '\(‘.(.,'A |LLII‘AI(L]I| ILITM

_lblUl \Tk'

i(u’i GT

A\( IEI(J

SGAAACAAC \( TAT

‘-JA 'J\ J| _n |

A T

A lul ]---. ,:;.




Results
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The [J"‘l ANA in the proband’s red blood cells determined by gPCR comprises only
0.01% (0.182/[1438t0.182]) of the whole PmRNA, while it is absent in those oi the

normal control (Table 3). In addition, the amount of the fmRNA of the patient was
49 5% (1438/2904) of that ol norm al control (Table “a\ The alleles of a-thalassemia (-

o*’y and o tr iplication (caa™ *") were not present. The o’-thalassemia alleles (--SEA
T : . 23-25
and -—t— IL), frequent in Japanese, were also not found. ™

1

Table 3. The amount of the total, wild and mutant PmRNA’s of the normal control and
patient, measured by qPCR.

: ] normal control patient
sample - i :
copy number ; copy number
actual | corrected®™® | actual | corrected®*
GAPDH* ~ -
’ 792 | 1210
cDNA | _
primer wild cDNA 2300000 | 2904 | 1740000 1438
mutant i .
0.0171 ).0000 220 0.182
cDNA ] 0.00002 | U.1s

g!).»'(‘;:e,-“or;r/d'ez’?_;-'a’e-;?-*}rfmx':!rr';rfc dehydrogenase (GAPDH) gene

T

The wild and mutant BmRNA (BcDNA) were corrected by GAPDH, internal control.

Analysis of membrane proteins and their alleles

The SDS-PAG electrophoretogram of the proband’s membrane protein exhibited a
amount of Band 3, Pw.] and )E."‘ that were corrected by actin, i.e., 1.27
(reference 1.31 = 0.25), 1.33 (1.28 % \).'}2) and 1.12 (1.12 & 0.15), respectively. The

amount of a-, B-spectri

ns and Ankyrin did not seem to be decreased by the Fairbanks
method, but may not have been determined precisely because of sample agi The
DNA sequencing of membrane protein P4.2 showed a imulu/\*’mla missense mutation
at codon 142 (GCT>ACT) in exon 3, a replacement of alanine by threonine (Fig. 5).
This abnormality has been reported as P4.2y;
gives rise to HS, and is common in Ja paumg H
carried the same P-thalassemia and P4.2 mutation
Anlkyrin and Band 3 in our sample.

2226

,nL i*r)nww_v J()\l Y for P

10 <Nippon
S. 2226 The sister of the proband also
s.

We did not find any mutations for

10







When we see the all of the samples together, and see the correlation between the
parameters (Table 5),

3) The MDA and TAC displayed a remarkably significant reverse correlation (r: -0.786,
p<0.001*). Thus, when lipid peroxidation reflected by MDA is enhanced, the TAC is
decreased.

4) The GLTsy has considerable correlation with TAC and MDA (p<0.01), especially
with the former. Thus, GLTsp seems to be associated with oxidative state.

5) Hb level has no significant correlation with GLTso, MDA and TAC (not included in

the table).

Table 5. Correlation of GLTsg and oxidation status. .
I Parameter GLTsp MDA TAC
| GLTs : v 0.381 1:-0.572
. ><0.01 p<0.01
| MDA - - r: -0.786
! p<0.001

MDA: malondialdehyde, GLTss: glycerol lysis time, TAC: total antioxidant capacity, 1

regression.




Discussion

nt in this study had hemolytic anemia possibly re ‘;eh)(i to thalassemia, whilc
qthy and gene analysis indic m'f’ ﬁ 1alassemig

The pati
the examination for the her mfr]obi*m ,
minor, or heterozygote (B "IB) for the new ["-thalassemia mutation at cw*ﬁn

C>ATCACQC). The patient’s symptom is evidently severer than v,:sual [3-thalassemia

1 +

In such situation, there are two possibilities. One is d-\,— ninant-

this new mutation, and another &:'\Miii"-l‘t‘.fﬂitﬁl'i of pregnancy.

{

tion, iron deficiency anemia, a-globin gene triplication (aoet™ ") or m!l-cu: suck
hey
LR

as membrane disorders. Our patients were not related to infection and pregnancy. T
are not in iron deficiency state. The oo™ was not present. Therefore, possibility of
the dominant-type [3-thalassemia was considered at firsi. Most [-thalassemia hag

alassemia, 5"'!1137\?;\_ s

lecreased amount of B mRNA, while, in the dominant-type |
ally expressed, and subsequently sufficient amount of [3'-globin is formed, which!
however, destroyed immediately after it is translated, possibly by the defect of ¢

[

v .

E:‘_‘»a‘;:};zul;u‘l of globin tetramer or even afd dimer due to its extreme ln\uw!l Ur‘mm]i‘
ssemia has burden of proteolysis of '

globin partner (called free excess a-globin). However, t

1 has extra burden to hydrolyze degraded 3" globin in addition to thg
fr obin, which a\;n;'cctds the capacity of hydrolysis, and results in th
formation of Heinz bodies. The Heinz [md y d ! ' leadin

hemolytic involvement. Howe our patients :*'!::9;

L ~nT
sligible amount of B mRI

6). Thus, the possi



Chm cpln ¢RI ('l!]ll: Chiar  Cpis  epis

Fig. 6. Dominant-type (3-thalassemia (Hb, Heinz Bodies vs Mutation). The left most of
codon 90 mutant is not a dominant type but typical f-thalassemia minor, and cited as a
reference. Heinz bodies appear with the severity of hemolytic anemia (rightward).
(Copywrite permission from Y Hattori, PhD)

The second possibility was red blood cells membrane defect. The presence of the
ovalocytes, teardrop cells and occasional stomatocytes implied its possibility (Fig. 7).
The SDS-PAGE did not suggest the deficiency of Band 3, P4.1 and P4.2, and that of o-,
B-spectrins and Ankyrin looked unlikely to be. The gene analysis for P4.2 revealed a
mutation at codon 142 (GCT>ACT) in exon 3 (heterozygote), or P4.2yjppon Whose
lhomozygote gives hemolytic anemia, and most common in the gene abnormalities of
Japanese HS. Thus, the double heterozygosity for the (-thalassemia and P4.2nippon Was
distinet.
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['he thalassemia minor demonstrates poikilocytesis. mainly of i

1alassemia mutation and P4.2 mutation of

heterozygote tor the b

reased osmotic fragility, Therelore, the membrane of thalassemic red

£ - 1 .
Gl s 18 known to have close

dentlv abnormal. or a

ity test where the thalassemic red blood cells are res

ant to osmotic lysis.” Thus,

it 1s suspected that the membranes of the thalassemic red blood cells are osmotically
LoThe GLTsy is invariably prolonged in thalassci minor, or heterozygous

thalassemia® and has been in el ised Tor the screening of thalasse




administration of vitamin E or thiol groups. The resistance to osmotic fragility seems to
be caused by oxidative stress leading to cross-linked and rigid membranes.” On the
other hand, it is reported that both glycerol and water flow across the red blood cells
membrane via Aquaporin 3 (AQP3), one of membrane proteins.*' The excess free -
globin in B-thalassemia, very susceptible to oxidation generates globin radicals, which
later reacts more easily with cytoskeletal and membrane proteins, such as AQP3. AQP3
may cause impairment of the function, resulting in delayed entrance of glycerol and
delayed hemolysis. This explains the reason for GLTs prolongation in B-thalassemia.
Although the cause of the prolonged GLTsp in thalassemia still remains uncertain, it
may be related to AQP3 denaturation. Further studies on permeability of glycerol as
well as water in thalassemic red blood cells are necessary.
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CHAPTER V

®Hhnclusion

l.

L D

Ln

A new frameshift mutation of B’-thalassemia at codon 102 (AAC>ATCAC) was
found.

No exacerbating factors of the B-thalassemia including dominant-type was found.
Morphological abnormality of red blood cells led the discovery of the co-
existence of abnormal membrane protein, or P4.2y,00 (heterozygote) in our
patients whose homozygote gives overt hemolysis as HS.

The increased membrane oxidation and reduced TAC in [3-thalassemia minor
(n=33) was shown by elevated MDA and decreased TAC, respectively.
Prolonged GLTsp is an example of membrane protein damage by the oxidation.
Although there is no firm evidence, the aggravation of (-thalassemia in our
patients (hemolytic involvement) may be induced by impaired P4.2xnippon

{(heterozygote) based on the oxidative background of B-thalassemia.
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abin ¢

%= O

On the other han

. . the RBCs celis in jmiu.his wi
mtact genes is normally

Another globin produ

in the blood. The

are L.‘\i?()\(‘d o a heh

[he nei

i nornmal |

produced - half

axidation of

L denatured globin in
ormgs « -

reduction ol hemog] . ‘
i , I . causes release ol free won. In
CyLIC rea cells (mieroc
1on, reacts with ox

es (ROS) that inttiate the p

yaen spedd

! |

Hipids and proteins the of the red cell

ihe membrane rigid. Membrane rigidity

N 1l T T % by rne | 2. .y '
IS s very 0 W OMWTT DO e ANSUCTANTOT]

minor, which actually

ddreess correspond

wiment of Flealth !
J ytic involvement., Oxidation of R

Medicine,

i leleol
ndialdeh

compound an

ROS devrade
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Discussion

studhes have reported that increased oxidative stress

in (-TM is related 10 wn excess of denmtured z- or -globin

chain, ron overload and decreased Hb level (10). The
oxidation that occurs in the eryvthroblusts s expected 1o
cause changes in membrane structure of the erythroblasts

and nduces premature apoptosis ¢H1D leading to intrame-

dulfary hemolysis, or inef

erythropoiests, Although
B-thal minor may share the same pathophysiology. the amount
of the denatured - or B-globin chuin would be much less than
in 3-T™. and

atic. However,  our experiments. it was found that even the

the ciinical picture often hecomes asymptom-

oxidation staus of -thal minor was under enhanced. wh

igher MDA and lower TAC |

els

was reflected by

re all compound heteros

Jur Hb H disease cuses we
o

o manilest & milder ¢hinical severity

7 ' B . oo, SEA,
and the Southeast Asian 2 -thal (- - ) type that tends
(12.13). Tl of

[3-thal minor and mild Hi~ H disease are thus not only in

In addition. even slight

milieu of decreased 1

oxidative stress may \(.‘thi o precipitation of Hb that is seen in

the in virro addition of brilliant cresyl blue (BCB). mild
3

u\ﬁ\ antin Hb H fhsuu«.u In our study. the dominant B-thal that

hemolytic  involvement  demonsirated

wracterized by

extraordina s burden of elim-

unstable B-globin, in addition to

ination of «
unpaired Lomay give rise 1o increased ROS generation,

ﬁ*'[wi}iliil}:\.l_'l!Tfil minoer ¢

w-alobn

lemonstrates poikilocytosis, mainly

cells and decreased asmotic {1 fore. the

membrane of thalassemic RBCxs s \"-'l'mlLJ to be altered.

i

1 GLTsq 18 known to have close association with the

osmotic (it test where the thalassemic red cells are

resistant to osmotic Iysis (1), Thus, it is suspected that the

RBCs are osmoticu

(

[ in B-thal

y rigid.”

of the thalassemic

roloy

nembranes

15 v nmimnor  or

oous F-thal (8,9), and has been used for the screenin

of thalassemin, We examined the correlation of GLTsy o
kers. or MDA and TAC
Hb H disease, It was hig]
TAC (Table 2). The

associated with oxidation

oxidation mi in P-thal minor and

ccorrelated with both MDA and

are. GLTs, is very likely to be

Kahane and Rachmilewitz (1)

feseribed only 50,

L

ASSeMmia ¢

0% ol thiol groups in tha npared

to normal membranes and osmotic fragility was normalized
by administration of vitamin The authors concluded that

resistance 1o osmotic _\HE}‘ wits cuused by oxidative stress

leading o cross-linked

It was reported that inmh veerol and water flow aeross the
red cell membrane Aquaporin 3 (AQP3) that lies on the

red vcell membrane as an oligomeric integral water channel
protein (WCP) ([3).

>plible to oxidation and the generation ol globin

The excess ol free z-alobin in B-thal is

VETY SUs

The Jatter react more easily with

raclicals is well estublished.

toskeletal and membrane proteins rather than penetrate

MeMillan et

inta the Tipid bilay (16) reported that the

Hb vadical is less lipophilic and difficult 1o penetrate the lipid

bilayer. However, inleraction between globin radicals and
membra
function from the membrane
that AQP3
ts thiol groups, res

e oproteins such as AQP3 may cause

impitired

ee. [ might be assumed
denatured by oxidation of

ulting iy delayed entrance of gly

thalussemic RBCs

erol and

Oxideiive Stetus of S3-Thal Minor and Hir Hoin Japan 3

delayed ol hemolysis. The presence of up to six thiols in APQ

(16) make, besides intramolecular adducts, mtramolecular

reaction possible between thiols forming cystine from two
cysteins with essential impact an protein conformation il

function (16-18).

Kahune and Ra

eben et al.

reisl

Smular to nilewitz (14)

(19) reported changes in thiol status in RBC membranes
mdicating oxidation processes and rigidified environment in
membrane proteins. Concomitantly, changes in lipid domains
of the RBC membranes of thalassemia patients were detected

isolated RBC membranes

In f-thal minor patients,

exhibited increased rigidity
(20) co
|

ed that the membrane ol

imcreased order parameters, |

rrelated with oxidative stress (21) Timw, it may be

tha
mr_‘mhi‘;mc Hpul pmmi(Llli(\n

assum - RBCs undergo
not only the oxwdation by

sed MDA level, but also bmpairment

stee by 11

of membrane protein that gives rise o dc\;n'u! waler

influx  through  the membrane. delayed  hemolysis. and

,.’]",“.

other WCPs
15 spectfic o water channels may still be intact, Henee, GLTy,
10tic

prolonged

prolonged G

Flowever. such as Aquaporin 1 (AQPT) that

might be more sensitive (o thalassemia than to o3

aility tests (22). Although the cause of the

GLT sy inthalassemia is not certain, it may be related o AQP3
denaturation. Further
well as water in tha

studies on permeability of glycerol as

assemic RBCs are necessary
The correlation of Hb level as o markes
ity with MDA and TAC was not significant.

of phenotypic
The reason
is unknown. but there may be various factors that influence

e levels of MDA as discussed in (23) and TAC which was

' 7.1
ssessed o (24
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Sequencing analysis

n . IS ¥a] 1. ] . Py
of approximately , Wh globin gene was
s segment, "0.07. rect uencing. However, no

measured al oniy Lhe

whether gene deletion

(Gene dosage analysis

A of the p-thal allele was present [rom

applied lor the Mrst ¢

Therefore, the

expected {

which was developed in ow
determine th
Briefly, the patienl's DNA a

correct region

Led |>_\ ClE

JC18 vector digested with the same

cyme. Alter Hgation, DNA was su cen the &

to gap PCR using M13 common primer rfon Lo perform Junction

arried out }Jf'i".'\".’ﬁf‘: il

OCHIC primers, prepare

junction that was estimaled in the g five prime
s above, An abnormal band of the of the multi—<
il detected n tor. Thus
s excised,

et to DNA

S (3180 G

AT Y
Japdl

1al3

\ sequence ‘ .
deletion of the 1=l

The up

gene clus-

WEeTe seatrt
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VAR

Gap PCR
Gap PCH by

primer pair l1~1“x\“"-. pre-  genes

the deletion and subscqu (v e homol

o this de further co ooy with the new L1-like sequence except lor
one smateh which me olymo

phism at 17 fownstream [rom

s junction, king sec

junction

maolooy
1010

s conducted nitially with ay like sequence where the

of denaturation at 94 degrees, and (ollowec

at 91

1 1 H
vas once believed 1o be present.

breakpoinls wore ¢

o
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thle lor normal allele, be

forr PCIR analvsis, Thus,
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TABLE 1 Peimess Used For DNA and o3 of olUNA

RY SSTCT G (.ﬁ,( N
{15 HCCNGTTTAG T TA GG
Q16K LOCG TGO GO AC \,\(-1 \TCACT AW

Q15061 5-CCCTTC NTANTA TCC GGG AGT
NTSOGA prohe S NVIC-ANT TTC TAT TAA AGGT

'—L\.IL CTAT TAN COOG TTC CTT TG-MGBAY

\

DNA Sequencing

Ie PCR fragments were purified then directly sc mam‘;v\‘:‘d by

igDye™ Terminator cvele sequencing kit version L] on . PR l‘ﬂ\

genetic analyzer (Apphied Biosystems, Tokvo, Japan). T l e same pPrimens as

ientioned above (Table 1) were used [or the sequencing analysis,

Hydrolysis Probe Method (Semi-Quantification of mRNA)
The purificd cDNA is semiquantitated by a hydrolvsis probe method

Man MGB SNP it (Applicd Biosystems). The PCR amp
I¢

nusing he T

Y

'] { g

tons were carvied out on a Light Cyele whe Diagnostics KUK Tokvo,
480 Probes Master reagent (Roche Diagnostics).

s and NIS0GA and NIBOGC were

Japan) using LightCycler

QI506F and Q15061 were used as prim
used as probes (Table 1). li":t:n.x were as {ollows: inital denat-
wration (95°7C, 10 min 55 cvcles of denaturaton (957C, 10

RN

Is), extension (72°C, 1 second) and

seconds), anncaling (60

coolin 10 seconds),

The p;ll}v;n‘ a Jlyear-old "1;11,);13'1:*5:,- male, was relerred o us [rom a

donal hospital for further evaluation of microcytosis. An automated

hematology analvzer (XE-2100; Sysmex, Hyvogo, Japan) was used lor com-

tent had mild anemia (Hb 11.8 ¢/dl.) with

plete '\]{ml yunt, T

normal RBC count > 10~ /L) and microcytosis (MCV 66.9 [1.). His

‘L), These results prompted

at showed elevated Hb As (5.29)

Serim Jc-zw‘ii}:; fevel was normal (14

ther hemoglohinopatl

13 :w'k'l‘(’{'!iifi.‘{ [eSLs

(5), normal Hb I level ( and prolonged glveerol Iysis time (GLT;

seconds; normal reference range: 85-55 seconds) (6).

His genomic DDNA was sequenced using specific primers (o amplify the
p-globin gene (=H00 1o 2000 bp). This analysis revealed a rare point muta-
tion in the 3'UTR that has never belore been published in the literature
(Figrre 1), This novel point mutaion was identified in the 3'UTR [+41,506

(A=) or 52 bases downstream of the termination codon of the p-globin
;
|

gene). There was no sequence abnormality in other parts ol the p-globn
gene. We conlirmed that the muotation was not a polvinorphism by the
RIGHTS
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The + 1,306 (A>C) Mutation Affects B-Globin Iixpression 40}

{72°C, 2 mim.) and inal extension (72°C, 5 min.). These amplicons and the
PGLA.74 vector were excised by double digestion using Xbal and Bam HI-FIF

(New England Biolahs Japan, Tokvo, Japan) resuiction enzyvimes. Then the

TR,

Qr
)

vector was subjected to ligaton with wild tvpe and  mutant
respectively.

Mutagenesis

The excess nts in recombinant pGL4. 74 were excised by Mutagenesis Kin
TRAPCR-LU

and BYUTR-D primers (Table 2) under conditions recommended by the

(KOD-PLUS Mutagenesis Kit TOYOBO, Osaka, Japan) using B

manuwlacurer. In addigon, six other mutations i the B-globin J'UTR were
also introduced by mutagenesis into the pGLA 74 construct with the wild-type

f-globin FUTR (Figure 1). These mutations were known to cause f-thalasse-

) or f-mRNA instability. They are +1.480 (C>G)

(3}, 13 nrdeletion at -+ 1,56

| (91 L1, (FO6T=>C)  (11), HI22
GGGGGA>AAGCTT) an : FTATTAT>AAGCT

primers for each mutagenesis are shown in Table 2. Subsequently, recombi-

mia (B-th
term codon +47 (C>0)
(9,10),

103 (clel) ]

nant pPGLA 74 vectors were translormed and cloned. They were further sub-
Jected to a large-scale culture, and purified by ultracentrifugation to get the

plasmid with various muadons (12).

FABLE 2 The Mutations wnd Primers Used for che Preparadon of the Mutagenesis

Primers Primoer Scqguoences (°

duon

B UTRAPCR-U TTACTG CTC GTT OTT CAG CAG GOG O
BYUTR-D GO COGETTT CTT GUT GTO CAN TCT

= AN (CEGY TBee0 B UTR-APCR-U ITACTG CTCGTT CTT CGAG G

[ CT4800G-D GET CGGTTT CTT GUT GTC

=) HOT=( TI570C0, FOAACGG CCOTT

1505 10 15774

GUATOCCGOGA TTC TGO CTA NTA AN AAC
TCANGG CCOCTTOATAATATCCCCO A

GO TAATAAN AAMNACNTTT

AT TTOAN

termy codon 4700 70> C-D GTANGT COANCT ACT AN CTG GGG G
: [335 GOAACAANG GANCET TTAATAG

1122 HETY B UTR ACTTTAGTA GTT GOAL A
BALUTRI ANGCTTTAT TA

I RRRE! RS BIUTR [T G
BENE A

RIS HMTS




Pholinus byrealis

(recombmant pGL4.74
T £ PN
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[ter additon and mb

ol the mutants, we carried ot

v relatve Tucifer

» 18 shown i Figure
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based hemos

i ted regulations and poli rning the stor

fransmission, rele

tion. handling of

tion period ol clectronic health informa-

abase servers, and database back-up, as

well as deflining the tor and user

RESULTS

Over 8000 individual samples were processed on this novel

[nternet-based reporting system. The various sections tha

. \
were addressed on the L

Nat

]
H

aboratory are ilustrated in T

ional Screening |

1

e 1. Specific de

deseribed here.

Client registration

WAL daac) and this can be done

hsite (hitp

from anvwhere and from any computer with Internet access,

ration process can be done in English or Arabic.

fore accessing the registration page, the client has to agree

(o the terms couditions that represent an online consent

form (Fig fter a successful regis 100 Process. a unigue

ted Tor cach client automatic:

number and profile is ¢

The client recerves an email communication on the s

completion ation process (Fig. 3). This also

1 about the laboratory’s acce

informs the

collected blood sample for testing

Blood sample collection

The process of blood sample collection is the first step in the

management and operations process in the labora

=
)
=

the sample

collection center, or mai

transported in an appropriate state and time. In all ca

ied
from the system is used on the sample collection tubes, The

phlebotomi

stration process is onfine and a barcode that is aen

s are trained in the elient identifica

il Pracuss,

barcode sample labelling, and collec

aencration ol a uniy

tion process, Onee the sample arrives in the laboeratory, U

iving desk will cheek the sample according Lo a

list {see Table 2) that also ne

chi s online documentation
This sample checklist is an important guality assurance

step to determine the fitness ol the collected sample for the

next process in the testing area. I the sample does not meet
the checklist eriteria, it s rejected with automated lecedback

e sample is

the client s an email

accepted and registered onli

Tis email also gives instructions to

conlirming this event.’l
the client on checking the result online through a unique

username and password that are generated soon aller the

successiul blood-collection process

Blood sample analysis

[he blood sample is processed through various test process
automated equipment (for CBC, HPLC, ferriting and GoPD

ling on the

assayy and also through ot ual tests. depen

initial sereening results, All the awtomated equipment that

is used in oour labo has both an awto-sampler and

barc ity. The remaining sample is stored for

NA extr:

fe-readimg faci

1 and

further needed investisations, including

DNA analysis

Exporting of the fest results to the laboratory
information management system and reporting

[he vesult Tor cach client and cach test s verilied and

exported to the database arca, to which only the laboratory

fireclor can approve

director has access. Here, the labaratory

or disapprove the generated results or advise the laboratory

1L

(. the

technologist ©

‘ther testing process. Once approve
N

results are generat ualy and can be

as a test report (hiling

viewed in the client profile sc

Release of the test results

“unalysis is mad

as a PDF file alter the approval process. Here

checks the result online through the unique u

password that were generated soon after the successiul
ocess (Fig, ), I the results are n
nAllthe reports are released
3). Thereis
action that

1. We

blood-cellection §

st further

“79 1

[aworking day (1

the clients wit

dback form on customer s

an online

cli

thewr res

ents can complete at the time ol accessing

udits on these services.

also conduct independ

Counseling process

[f the results are positive at the time ol reporting. the labo-

cou

ratory director clectronically communicates a s

1o session Lo the client. A

ain, the entire process is

I online. Automated bidirectional email commu-
he LIMS and t

. 06). Every counseh

client conlirms the

coun-

210311 SES510N

conducted s documented. The clinic nurse coom s 1his

by the

counseling process and the counse

the client who teste

1s provid

nencist o1

cal

genetic counselor. In most cases, only

witive attends the ¢ ling session.

On some occasions, when the client is a minor an

family studies are required. other members ol

session. All clinic visits and counselin

attend the
sessions are Iree. The clinie visit for counseling also concen-

screening. Most of 1

mse

trates on extended fam wonme. one

those who participate in

counseling session is sullicient as al

the counse am have prior knowledge of what to

expect thro awarceness programs and lectures

als and colleoes.

that have heen conducted in the sche

DISCUSSION

During the carlicr plase of the program’s implementation.,

individual and group surveys were undertaken. Lapses in

informa e between the

in the

tion exche

cening ogram for a ci

i)
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crnet-dased

noglobinopathy screening b1

acreening for

Client moue: g Jose Pepsonad 11 (2057
| Sampling date: ory 13510
Repore relense dater i Certificate no.

S |
]
[
~ SCreCin L oarnier finane |
aC ull 1 i roier thnnty |
R Adence of tha
| a U1 Abbott Cell-by ne 3700 51 v, UPLLC: Boltad Variant H
s This dutian sierpretation of werson tested has bad o recent translusion
11 50, the tests should be reg
- iy genche predictions fotlowinget in ire as stated and samy
idennficany correct
. T
ening o siekbe ¢ell s 2
Thalassemia s o magor publ blemm mour pa i amd abso i many parts of the world
v Thalassema and sickle coll anemi are o possibality only when both parents ire varners
|
by ) v ndnduals 1 reted only when such screeming tests are dong
v sl hitanhialhy o than treatmen
Example v ¢
result, CBC com . Po—
. . . theed wegrart does ol r
high performance Hiquid chromatograp _ - I
[t ol an casy communication process from receiving recruit skilled staff for these arcas. The system has been

efficiency of the adoptled and customized

al needs, Therefore, o

carly, the quality ol care, and

d secure emails and gain access o

aenetic counseling process. This also resulted in the efficien clients are able 1o se
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Answers to the comments and questions given before and during the
presentation.

By Prof. Ishikawa:
Q1: What is Thalassemia?

Thalassemia is an inherited blood disorder caused by defective production of globin
chain (o- or non-¢, such as [3). Thalassemia can be classified by phenotype into major
and minor t’}fpca‘ The patients with thalassemia major have severe anemia and need
regular blood transfusion. Those with thalassemia minor may only suffer from slight
anemia, and usuall}«' no blood transfusion is necessary. Most of the thalassemia cases
found in Japan are minor type.

2: I know that number of Japanese patients are increasing recently. Why the
incidence of thalassemia has arisen in the Japan as well as United State?

W i at 1s a factor which led to the increasing number of cases of Thalassemia in Japan?
) Immigration from abroad or population movement, particularly from countries
sucl as Southeast Asia where the thalassemia is common, 1s increasing.

2) International marriage between Japanese and ?‘a'mz‘c.igncr::: coming from countries
where the thalassemia is common, is increasing

3) There are several p—lhz‘tlawm’ma mutants umque to Japanese such as a nonsense
mutant at CD90 which has spread with the increase in the past population.

: Explain about clinical significances of your cases:

[ am not a physician or clinician, [ am just considering if the Japanese physician has a
patient with a severe anemia, he or she would assume possibility of not only iron
deficiency, but thalassemia combined with another abnormality such as certain
membrane defect which 1s common in Japan.

Q4: How to treat this disease with minor symptoms?

For We do not need to treat Thalassemia minor, because it just exhibits slight anemia.
The patients with thalassemia minor may have severe anemia under pregnancy or any
other complications. In those cases, blood transfusion may be required exceptionally
as a supportive care.

By Prof. Ichihara (the question after presentation)
Q: This is a new type of J-thalassemia with combination of HS, Nippon type.
What is the prevalence of combination of B-thalassemia and HS recessive allele?

got no information about the cases of combination of p-thalassemia and recessive
1S in Japanese. However, considering the fre qum‘ecy “E' ”mlaqscmia in Japan is 0.1%
| of 1000) and the recessive HS (P4.2) comprises 45% of 60 ] apfl 1ese kindreds of
HS which has been reported by Prof Yawata, the combination of [-thalassemia and
recessive HS would be possible, but rare.




By Prof. Tokuda (the question on presentation)
Q: Is there any reference about Aquaporin?

X than 10
Hns about

Some researcher has reported about Aquaporin, and now, there arej§
Aquaporins have been reported. However, there is only a few info
Aquaporin 3 function in red blood. Nathalie Roudier et al (1998 ar
reported about the evidence of Aquaporin 3 in red blood cell. Howgs
glycerol transporter in erythrocytes is not elucidated.

A the role as a

4, Prof. Tanaka (the question on presentation and interview)
Q: Would you like to explain about GLT5¢?

GLTsg is one of parameter for screening thalassemia trait or minaiy
this method is how long the time (second) for 50% hemolysiSlsl red bloods is
required when the red cells are exposed to saline-glycerol on. The basic
principle is like osmotic fragility test, but glycerol is used in GL. T {##8ic glycerol will
enter across the glycerol transporter (AQP3) from outside of red blood cell
membrane. In thalassemia cases, this protein AQP3 function may|sSlinpaired by the
oxidation, and the glycerol needs more time to enter the red cell.



