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ABSTRACT
Background: [ is estimated that sbour 3000 pregnancies in Iran are a1 risk for [i-thalassemia each vear,

Objectiver To evaluate the diagnostic accursey of combination of ARMSPCR and  RFLIVPCR 1o
diagnosis of [i-thalassemia

rigues in prenatal

Methods: Sixry-seven [-thalassemia carrier familics were enralled in this study. To analyze f-alobin gene. amplification
refractary mutation system (ARMS) and restriction fragment length polymerphism {RFLP) methods were used. Tn order
torabain fetal cells for TINA analysis, chorionic villous sampling (CVS) was implemented.

Results: Using the twe echniques (e, ARMS and BFLPY, prenatal diagnosis (PND) wes successfully perfarmed in
98.6% of subjects. From 72 cases, 20 fewses (27.8% ) were found to be affected, 32 (44 %1 were heterozygous carriers
and 1% {26.4% ) were homozygous normal. In 62 families (ncluding 5 twins) the ARMS 1echnique enabled us o race the
mutation in gither one ar both parents, out of which 46 were further confirmed hy RFLP. However, i 16 cases RFLP
could not be informative and the dizgnosis was based only on ARMS results. In the remaining 10 families, diggnosis was
possible only with RFLP,

Conelusion: ARMS coupled with RFLE provides sn effective way for prenatal diggnosis of B-thalasserma. Using the twa
techniques |ogether mcreases the accurzcy of PMD and in cases in which ARMS is not sufficient o reach 2 fingl
conclusion, it cen be replaced with RFLE. In sddivion, using these two methods in parallel increases ACCUTECY, S8Ves THme
and inereases conlidence.
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Introduction whom both are carriers of B-thalassemia.’
FND s the most effective means  for
fi-thalassemia is an autosomal recessive disease preventing the birth of an atfected child.*
characterized by hypochromic and bemolviic Methods used for PND of f(-thalassemia
anemia, and is dependent on blood transfusion have progressed in recent years. It began with
to sustain life.'  This disease is common in the  stdy of B-globin  chain  synthesis,
several parts of the world, especially in the continuing to indirect detection by using DNA
Mediterranean region and Southeast Asia.®  polymorphisms (i.e. RFLP analysis) and
Due to the high ui-urhidit}' and mortality in - finallv leading w dircol detection of muatant
thalassemia disease, prenatal diagnosis (PN alleles.’
has been an important option for couples in Using the ARMS technigue, mutations can

be successtully identified.™ More than 180
R mutations affecting almost every known stage
Corrcspondence: 5. Zeinali M.D.. Bictechnotogy Depanment.  of B olobin  pene expression results in oa
tie Pastenr fustiile of fran, Pastene Ave . Telran F35164, fran Ve - : ;
GSTE g Feer v 983164651 32, fmair:  Teduction or complete absence of B-globin
HEEASEE 00 synthesis by the affected allele.” Forunately,
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in any  given population, there are a lew
common mutations and some rare ones.” In
families in which the type of mutation is not
known, it is often possible w define the
allected  prenatal  chromosome by RFLP
linkage analysis, and then to determine
whether the fetus has received both alfected
chromosomes from its parents or not.”

[n the present study, we have successiully
performed the prenatal diagnosis for 72 at-risk
fetuses for B-thalassemia in [randan families
using the two techniques, ARMS and RELP,

Materials and Methods

Subjects:

Sixty-seven B-thalassemia carrier families
iincluding 5 twins, amounting o a total of 72
PNID requested  prenatal  diagnosis at our
genetic unit from March 2000 to March 2001,
They were studied by ARMS/PCR in parallel
with RFLP  analysis. From each family
member, including parents and affected child
iif presend), 53-10 ml of blood was collected in
EDTA as  an anticoagulant,  In childless
couples, bhlood samples were obtained from
parents as well as paternal and maternal family
members for RFLP analvsis.  CW5  was
obtained at 10-12 weeks of gestation by a
specialist. All CW5S were sorted free of any
maternal cells and blood clots by microscopic
dissection before preparing DNAL Genomic
DNA was extracted by boiling method {rom
the peripheral blood leukocytes.”

DNA Analysis:

The DNA  was  then amplified by
polymerase chain reaction (PCRY® using Tag
DXNA polymerase (Sinagene, Iran). In order to
diagnose a  specilic mutation, we  applied
ARMS  technique w detect each  known
mutation. To this end. we imtally used only
mulant primers for mutations w be tesied.
Fach sample was inidally  analveed  lor
common mutations reported in Iran: | 1VSI-]
(G—=A), VS-S (G—C) oand Fr&/9 (-AA),

IVSI-110 (G—A), IVSI-6 (T—C). IVSI-]
(Med. ) (G—A), IVEI-130 (G—C), Codon 30
(G—C), Codon 44 (-C). Codon 5 (-CTy,
IWE1-1 {Indy (G—T)y, IVSD 3end (-25
deletiony,  IVSII-745, Codon 39 (C—T),
Codon  36-37 (-T} and CB (T—()].*"
Whenever we noticed @ band inoa given sample
reaction, we used ARMS primers for wild
type, also in order 10 confirm its homozygous
or heterozygous status,”

Haplotvpe analysis was carried out for the
lpur common B-globin gene cluster RFLP:
Hinell! 3y, Avall! P Hinl'p and Rsal/3
In these siwations, it was necessary 1o
undertake family studies to identify which
DNA polyvmorphisms would be informative. In
order to save time and money, ARMS primers
were designed to analyze these RFLP siles and
compare their effectiveness by conventional
RFLF using restriction endonuclease enzymes
in parallel.

The PCR  products were subjected
electrophoresis on 1.3- 2.3% agarose gel,
stained with cthidium bromide and visualized
under U transluminator.

Results

We routinely use ARMS and RFLP for PND.
In thiz study, we analyzed the effectiveness of
each of these methods.  Diagnosis of feral
menotype was possible in 71 out of the 72
cases investizated (Table 1), Nineteen fetuses
were normal, 32 were heterosygous, and 20
were found w be affected. We could not
obtain complete diagnosis in one tetus, In this

Table 1:Results of Prenatal Diagnoses
Fetal Status Cases (%)
Mormal LY (26,4}
Heterozygote {carrier) 3704 4
Homozygote/ Compound 20(27.8)
Heterozygote {major)

Heterozygote! 170143
Compound Heterozygote
Tuotal T2 (100

* Incomplete PND for one family
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Table 2: Informativeness of RFLP and
ARMS methods for PMD

DMA Analysis Cases Percentage
1005 ARMS 13 319
1% RFLP

100% ARMS [1* 15.3
S0% RFLP

S0% ARMS 5 0.9
50% RFLP

S0 ARMS 7 9.7
% RELP

0% ARMS If 112
0% RFLP

0% ARMS Lo 1249
100% RFLP

Taotal 72 Ll

*In one family, results oblained from RELE were
o conlirmed with AN,

cise. mutation or informative RFLP was Tound
mother,  The  other parent had
homozygous haplotypes and his mutation was
unkoown.  The informative  parent had
transmitted  the mutant G-globin gene w the
fets. Therclore, this PND was only 30%
possible and the fetus was cither heterozyvgous
or compoeund-heterozygous (neomplete PND
for one out of 725,

Using allele-specific. ARMS wehnique, we
wore able 1o claracterize the mutation in 76 %
of conples, OF these, 60% had one of the four
most comman  mutations: [VSIL-]D (G—=A),
IVSL-3 (G—=C), Fr8-9 and IVSIE-110 (G—=A).
Rare mutations were found in 16% of subjeuts,
Motably, the predominant muation in most
provinces was IVSI-1 (G—=A) as previously
reported. ™

In these  cases, 30 fewses  were  all
diagnosed by ARMS/PCR. In 12 feruses, the
mutalions remained unkoown in oone of the
parental members, The PND tor 10 families
wis possible only with DNA linkage study. In
6O samples, RFLP analysis was used lor
diggnosis. In 2 childless couples {including
cme Iwind haplotype analysis was impossible,

i the

as blood samples from paternal and maternal

family members were not made available, In
38 familics (including 2 twins) haoth parents
had informative haplotypes (109 diagnosis).
In 14 tamilics (including 2 twins) one parent
bad homosyzous haplotypes (0% diagnosis).
In 13 families both parents had bomozygois
haplotypes  (non-informative),  Therefore,
diagnosis was only hased on ARMS resules in
I cases (Tahle 2),

Eesults obtained from cach of the two
technigques (ARMS  and  RFLP) could  be
confirmed with the other. [n only one case,
there was no agreement hetween results [rom
RFLP mapping and ARMS. Using ARMS
results, this fetus was found o be a carrier of
either of the paterpal or maternal mutation
iboth of them had Fr&/S mutationy, bul in the
RFLP stwly it was found 1o be affected by
thalassemia.

For the affected lvtuses, termination ol
pregnancy was offered afier diagnosis and the
{families were referred 1o the National Legal
Medicine Organization. No  false diagnosis
was Tound during postnatal follow-up.

Discussion

Many ditterent types of mutation can produce
fi-thalassemia condition.""™  Several previous
studies on some 17 muoations prevalent in
Iran, have shown that in using ARMS method,
only up o 87% of mutations can be detected .

[n prenatal diagnesis, mutation from any of
the paremts may be unknown, If just the
ARMS technique 15 emploved, PND can not
be completed,  Using RFLP alone, the same
difficulty arises; for instance, had we only
used ARMS method, 30.3% ol PND would
not have been completed and for RELP only,
44.4% would have failed o reach (he final
conclusion. But using botl methods, we could
reach the final conclusion in 98.6% cases (i.e.
T out of T2 cases).

[n 1he RFLP study., ooe o letus was
diagnosed as B-thalassemia major. This result
was not contirmed by ARMS technigue in
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feius was found w be a carrier,
Diagnosis by this method carries a prediciable
error of about one in 300 w0 300 due o the
meiotic recombination between the RFLEP sie
and the site of mutation itself.'

These resulis sugeest that ARMS coupled
with  RFLFP  provides prenatal
diagnosis for B-thalassemia. Implementation of
both  echniques together  increases  the
accuracy of PND and in cascs where ARMS is
unsuccessful, it can be replaced with RFLP.

In addition, the use of ARMS and RELP in
parallel, reduces the time of PND and is
theretore, more cost-cllective. It is also more
comvenient for families: should one method
prove inconclusive, the other may be
employed with limited disruption.

In conclusion, using the two echnigues has
several advantages in PNDY of [-thalassemia,
and 1t 1s recommended that it becomes a
routine procedure in all PND centers in the
couniry,

which the

cllective
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