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Abstract
Background: Conventional diagnostic strategy for thalassemia carriers is time-consuming and
requires many types of laboratory tests.
Objective : To demonstrate the possibility of a combination of MCV or MCH and a PCR-based
technique in identifying a- and p-thalassemia carriers in the population of the Northern Thailand
in  which molecular defects causing thalassemia are well documented.
Materials and methods: Seventy northern Thai healthy adults with Hb12 g/dL, MCV 80 fL and
MCH 27 pg were tested for the a- and [3-globin gene mutations commonly found in Northern
Thailand by a modified multiplex allele-specific PCR. The nucleotide sequencing was employed
to confirm the results obtained from the PCR-based method.
Results: A combination of MCV 80 fL. or MCH 27 pg and a modified multiplex allele-specific PCR
was able to definitely diagnose a- and B-thalassemia carriers in 81.4% of the samples tested.
These included single carriers of SEA-a thalassemia 1, of a-thalassemia 2 (3.7-kb deletion),
of Hb Constant Spring, of HbE, of B*"** ™ -thalassemia and of B'"*"-thalassemia. These
also included double carriers of a-thalassemia 2 (3.7-kb deletion) and B'"*"-thalassemia,
double carrier of Hb Constant Spring and HbE, double carrier of SEA-a thalassemia 1 and
BWA'T)—thalassemia and double carrier of a-thalassemia 2 (3.7-kb deletion) and HbE. The results
obtained from the modified multiplex allele-specific PCR completely agreed with those gener-
ated from the standard nucleotide sequencing.
Conclusion: Combination of MCV or MCH and a modified multiplex allele-specific PCR
might be an alternative means in detecting common a- and {-thalassemia carriers in
northern Thailand. This strategy may be applied in other regions where thalassemia is endemic
and globin gene mutations are well documented. Bull Chiang Mai Assoc Med Sci 2013;
46(1): 22-32
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Introduction

Thalassemia is an inherited hemolytic anemia  affected by the disease characterized by chronic anemia

caused by abnormality of globin chain production. It is
caused by defects of globin genes which are inherited in
an autosomal recessive manner. Those homozygous and

compound heterozygous for abnormal globin genes are

requiring frequent blood transfusions followed by several
fatal complications. In contrast, those heterozygous and
doubly heterozygous for these abnormalities are clini-

cally asymptomatic with obvious alteration of erythrocytic
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parameters. Alpha (a)- and beta (B)-thalassemias are the
most common types of thalassemia worldwide.’

Thalassemia is a globally distributed hemolytic
anemia spreading from the Mediteranean through Far
Eastern regions including Thailand. In Thailand, approxi-
mately 40% of its population are heterozygotes or carriers
of thalassemia comprising 20-30% a-thalassemia carriers,
3-9% B-thalassemia carriers, 10-60% HbE carriers and
1-6% Hb Constant Spring carriers.” High incidence of
thalassemia carriers in Thailand leads to a high probability
of producing new cases of thalassemia in this country.
Thus, correct diagnosis of a thalassemia carrier should
be essential in managing this disorder.

Presently, diagnostic strategy for thalassemia
carriers consists of 3 consecutive steps including initial
screening by the one-tube osmotic fragility test (OFT) with
or without mean corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH), followed by hemoglobin
identification by high performance liquid chromatography
(HPLC), low pressure liquid chromatography (LPLC),
capillary zone electrophoresis (CZE) and finally by analysis
for globin gene defects by allele-specific polymerase chain
reaction (allele-specific PCR).*® This conventional strategy
is time-consuming and requires many steps to obtain
definite diagnosis. Employing this strategy, a rapid and
definite diagnosis of the thalassemia carriers is unlikely.
To overcome this problem, a rapid and accurate protocol
needs to be established.

In Northern Thailand, successful diagnosis of
carriers of SEA-a thalassemia 1 has been demonstrated
by a combination of OFT and Gap-PCR for a-globin gene
deletion.10 However, this concept has never been tested
for other types of thalassemia in this region. Thus, this
study is aimed to test the possibility of a combination of
MCV or MCH and the PCR-based method in making a
definite diagnosis of both a- and B-thalassemia carriers
common in the northern Thailand where specific globin
gene mutations are well characterized. It is anticipated
that the proposed strategy would be a prototype that can
be applied in other regions where a- and B-thalassemia
are common and globin gene mutations are also well

documented.
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Materials and Methods

This study was ethically approved by The Re-
search Ethics Committee, Faculty of Associated Medical
Sciences, Chiang Mai University. EDTA blood samples
were collected from 70 healthy subjects of the Northern
Thailand. Hb, MCV and MCH levels were analyzed by an
automated blood cell analyzer (Sysmex KX-21; Sysmex
Corporation, Kobe, Japan ). DNA was prepared from
EDTA blood using the Chelex extraction method with
some modifications." A 100-microliter EDTA blood sam-
ple was firstly washed in 1 mL 0.5% (v/v) Triton X-100 and
then in 1 mL deionised water (DI) before adding 110 pL
DI and 1-2 drops of Chelex suspension (5% (w/v) in DI).
The mixture was then incubated in a 56°C-waterbath for
2 hours and then in a boiling water-bath for 10 minutes.
Finally, the tube was centrifuged at 15,000 g for 1 minute,
supernatant harvested and kept at -20°C until use.

Characterization of a-globin gene defects com-
monly found in Northern Thailand was performed using
the protocols described elsewhere with some modifica-

tions.™ ™

A 50 pL-PCR reaction was performed contain-
ing 0.4 pM each of the following primers; SEA1 (5’-TGA
CTC CAA TAA ATG GAT GAG GA-3’), SEA3 (5°-GCC
TGC GCC GGG GAA CGT AAC CA-3), CS2 (5’- CCA
TTG TTG GCA CAT TCC GG -3’) and C3 (5’- CCA TTG
TTG GCA CAT TCC GG -3’) as well as 0.025 uM of aG-
17 (5’- AGA TGG CAC CTT CCT CTC AGG-3’), 1.2 uM
each of Alpha 3.7A (5’- CCC AGA GCC AGG TTT GTT
TAT CTG-3’) and Alpha3.7B (5’- GAG GCC CAA GGG
GCA AGA AGC AT-3) in 10 mM Tris pH 8.5, 50 mM KCl,
1 mM MgCI2, 140 uM dNTPs, 2% DMSO, 2M .betaine,
0.1 unit DNA polymerase (iTag; iNtRON Biotechnology,
Inc.) and 5 pL DNA. The amplification reaction was carried
out in 29 thermal cycles comprising denaturation at 94°C
for 6 minutes 30 seconds in the first cycle and for 1 minute
30 seconds in subsequent 28 cycles, primer annealing
at 60°C for 1 minute 30 seconds and extension at 72°C
for 2 minute 20 seconds in the first 28 cycles and for
7 minutes during the last cycle. 762-bp amplified prod-
ucts generated from SEA1 and SEA3 primers were pro-
duced in the presence of SEA deletion of a-thalassemia

1. 180-bp fragments were produced from C3 and CS2
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Figure 1 (A) Locations of binding sites of primers used in multiplex allele-specific PCR to identify a-globin gene
defects. The corresponding amplified products of each primer pair are indicated. (B) Agarose gel pattern of
amplified products in which the specific amplified products were produced. Lane 1 is the DNA from HbH
disease (- a3.7/- -SEA with 1,671-bp and 762-bp products), Lane 2 is the DNA from carrier of SEA-a thalas-
semia (- -SEA/aa with the762-.bp products), Lane 3 is the DNA from carrier of Hb Constant Spring (aCSa/
aa with the 180-bp products), Lane 4 is the DNA from normal individual in which only the 280-bp, 391-bp and
1,782-bp internal controls products are seen, Lane 5 is a blank control. M is a 1-kb DNA size marker. Note: “C”

is internal control. “3.7” is 3.7-kb a-thalassemia 2. “SEA” is SEA-a thalassemia 1. “CS” is Hb Constant Spring.
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primers in the presence of HbCS allele whereas 1,67 1-bp
PCR products from Alpha3.7A and Alpha3.7B primers
were generated in the presence of 3.7-kb deletion of
a-thalassemia 2. 391-bp fragments generated from aG17
and C8 primers served as internal control (Figure 1).

A modification of the amplification protocol
described by Tatu et al was performed to characterize
the B-globin gene defects commonly found in Thailand. ™
PCR was carried out in a 25 uL PCR reaction containing
0.032 pM of Beta-common multiplex primer (5’-AAG
AGC CAA GGA CAG GTA CGG CTG T-3), 0.056 pM of
Beta41/42 multiplex primer (5’-AGA TCC CCA AAG GAC
TCA ACC T-3’), 0.054 uM of Betal7 multiplex primer
(5’-CCA ACT TCA TCC ACG TTC ACG TA-3’), 0.018 uM
of Beta E multiplex primer (5’-CGT ACC AAC CTG CCC
AGG GCC AT-3’) and 0.14 uM of M-28M1 primer (5’-AGA
AGC AAA TGT AAG CAA TAC ATG GCT CTG CCC TGC
CAT C -3) in 10 mM Tris pH 8.5, 50 mM KCI, 4 mM
MgCI2, 140 uM dNTPs, 2% DMSO, 0.1 unit DNA poly-
merase (iTaq; iINtRON Biotechnology, Inc.) and 5 pl DNA.
The amplification reaction was carried out in 27 thermal

cycles comprising denaturation at 95°C for 5 minutes in
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the first cycle and for 1 minute in subsequent 26 cycles,
primer annealing at 62°C for 30 seconds and extension
at 72°C for 30 seconds in the first 26 cycles and for
7 minutes during the last cycle. 469-bp amplified products
generated from Beta-common multiplex and Beta41/42
multiplex primers were produced in the presence of TTCT
deletion at codons 41/42. 267-bp fragments were pro-
duced from Beta-common multiplex and Beta17 multiplex
primers in the presence of “T” instead of “A” at codon
17. 290-bp products were produced from Beta-common
multiplex and Beta E multiplex primers in the presence of
HbE allele. Finally, 136-bp fragments were produced from
Beta-common multiplex and M-28M1primers in the pres-
ence “G” instead of “A” at the nucleotide -28 in 3-globin
gene promoter. 391-bp fragments generated from aG-17
and C3 primers were used as an internal control (Figure
2). Blood samples positive for the multiplex allele-specific
PCR were randomly selected for nucleotide sequencing

to validate the mutation identification.

Results

The mean Hb level in 70 blood samples

Table 1 Frequencies of globin gene mutations in thalassemia carriers with MCV < 80 fL and MCH < 27 pg

detected by the modified multiplex allele-specific PCR

Number of samples

(%)
a-thalassemia-1 (SEA type) 18 (25.7)
a-thalassemia-2 (3.7 type) 12 (17.1)
HbCS 1(1.4)
Bw-thalassemia 1(1.4)
[541/42-thalassemia 2(2.8)
HbE 15 (21.4)
HbCS/HbE 2(2.8)
o-thalassemia-1 (SEA type)/ﬁ”-thalassemia 1(1.4)
o-thalassemia-2 (3.7 type)/ﬁw-thalassemia 3(4.2)
a-thalassemia-2 (3.7 type)/HbE 2(2.8)
Negative for PCR analysis 13 (18.5)
Total 70
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analysed was 13.1-1.0 g/dl (Mean-SD). The MCV and fL and MCH<27 pg, the modified multiplex allele-
MCH levels were 73.1-5.6 fL (Mean-SD) and 23.-2.2  specific PCR analysis revealed that 57 samples (81.4%)

pg (Mean-D), respectively. In the cases with MCV<80 were carriers of a- and - thalassemia in both sin-
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Figure 2 (A) Locations of binding sites of primers used in multiplex allele-specific PCR to identify [-globin gene
defects. The corresponding amplified products of each primer pair are indicated. (B) Agarose gel pattern of
amplified products in which the specific amplified products were produced. Lane 1 is the DNA from normal individual
in which only the 391-bp internal control products is seen. Lane 2 is the DNA from carrier of 8"7*™ (3/8" with the
267-.bp products), Lane 3 is the DNA from carrier of p**°" (3/8*"** with the 469-bp products), Lane 4 is the
DNA from carrier of HbE (/8% with the 290-bp products), Lane 5 is the DNA from carrier of B-"** (3/8-*® with the
136-bp products), Lane 6 is the blank control. M is a 1-kb DNA size marker. Note : “C” is internal control. “41/42”

is 841/42(—1701}. “E” is HBE. “17” is BW(A—nand “08” is B_28(A—G) )
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Figure 3 Comparison of a-globin gene mutations identified by the nucleotide sequencing (left box) and by the

multiplex allele-specific PCR (right box) for SEA-.a thalassemia 1 (A) and Hb Constant Spring (B). Note: “C” is

internal control. “SEA” is SEA-a thalassemia 1. “CS” is Hb Constant Spring.
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Figure 4 Comparison of 3-globin gene mutations identified by the nucleotide sequencing (left box) and by the

multiplex allele-specific PCR (right box) for b'"*" (A), b*"**"(B), HbE (C) and b-*** (D). Note :
control. “41/42” is B*"*T°D “E” is HoE. “17” is """ Pand

gle and double states. These included single carriers
-**/aa), HbE (B/F), Hb
Constant Spring (a“®a/aa), a-thalassemia 2 (3.7-kb
deletion) (- a*'/aa), p*"* ™ -thalassemia (B/B*"**) and
B'""D_thalassemia (B/B"). These also included double

a*’/aa) and

of SEA-a thalassemia 1 (-

carriers of a-thalassemia 2 (3.7-kb deletion) (-
B'"*T_thalassemia (8"), double carrier of Hb Constant
Spring (a®*a/aa) and HbE (B/p), double carrier of SEA-
a thalassemia 1 (- -**/aa) and p""*"-thalassemia (B')

and double carrier of a-thalassemia 2 (3.7-kb deletion)

“C” is internal
“.08” ig B—QS(A—G).

(- a®"/aa) and HPE (B/p%) as shown in Table 1. The globin
gene mutations identified by the modified multiplex allele-
specific PCR were completely identical to those generated

by the standard nucleotide sequencing (Figures 3, 4).

Discussion

Conventional detection of thalassemia carriers in
Thailand starts with initial screening tests including OFT
or MCV and DCIP tests.

#151% Those positive for the

initial screening tests are subjected to Hb identification
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to determine HbA2/E levels to identify carrier states of
B-thalassemia and HbE.® Employing these two laboratory
stages, one cannot determine types of 3-globin mutations,
a-thalassemia and double carriers of a- and 3-thalassemia
which require DNA analysis.

Rund et al and Sanguansermsri demonstrated
that it was possible to carry out mutation analysis just
after the initial screening of a- and 3-thalassemia carriers
by MCV and OFT in the area where mutations are well
documented.”®"” Based on these notions, we attempted
to characterize the a- and B-globin gene mutations
common in northern Thailand by the modified multiplex
allele-specific PCR in the 70 samples previously tested
for MCV and MCH. The results clearly showed that com-
mon thalassemia in either single or double states was
detected in the majority of samples having MCV and MCH
below the cut-off points. This showed that the MCV
and MCH were effective in screening thalassemia carri-
ers and that a combination of these red cell indices and
the modified multiplex allele-specific PCR was possible
in detecting a- and 3-thalassemia carriers of all statuses.
MCV and MCH are the parameters accurately obtained
by an automated blood cell analyzer. They have been in-
tensively evaluated and proven to be effective parameters
in screening of thalassemia carriers and the cut-off points
of 80 fL for MCV and 27 pg for MCH are mostly widely
accepted.®®*"** However, MCV and MCH values of HoE
carriers may overlapped with those of normal population
and approximately 5% HbE carriers will be missed when
this indices are relied on.”****® Thus, HbE screening tests
may be included in order to increase efficiency of this
proposed protocol.

In Northern Thailand, the p*"*, B, B, BF and
- -5 -0®, o®®a are the common - and a-globin gene
defects.”®*” Molecular analysis of these mutations have
been well established as stated earlier and we have modi-
fied these PCR methodologies to establish an in-house
protocol. Employing this modified PCR protocol to test
the 70 blood samples whose screening results were
positive, the majority of the samples were diagnosed to
be carriers of the common types of globin gene defects.

This indicated that the PCR analysis of common globin

UR 46 oUuA 1 unsAU 2556

gene mutations directly after the MCV or MCH analysis
was capable in identifying common a- and p-thalassemia
in Northern Thailand. The modified multiplex allele-specific
PCR employed in this study had previously been validated
against the known samples. The standard nucleotide
sequencing was employed to confirm the results gener-
ated by this multiplex allele-specific PCR. As shown, the
mutations identified by both techniques were completely
identical. This should indicate that the specificity and sen-
sitivity of the proposed strategy were significant. In the
minor portion of the samples that had positive screening
results, the proposed multiplex allele-specific PCR failed
to identify any globin gene mutations. These samples
certainly harbored rare types of globin gene mutations
and other tests, e.g. Hb identification is still required to
make the definite diagnosis.

Another most significant advantage of molecular
analysis of globin gene defects is an ability to detect the
carriers of a-globin thalassemia either in a single carrier
state or in double carrier state with B-thalassemia and
HPE. In the Northern Thailand, double carriers of a- and

" These dou-

-thalassemia or HbE are fairly common.
ble carriers cannot be detected by the conventional Hb
identification techniques such as HPLC.

Skipping the Hb identification step as proposed
in this report raised 2 major questions. These included
ability of this new approach in nationwide carrier screen
and in detecting complex thalassemia encountering in
Thailand. As a national strategy for thalassemia screen,
all samples having positive screening results are subjected
for Hb identification (e.g. by HPLC, LPLC or CZE). Despite
Hb identification is capable of identifying only carriers of
B-thalassemia, &B-thalassemia, but a-thalassemia and
a/fB-thalassemia cannot be detected by this method.
Detection of a-thalassemia still needs DNA analysis. More
importantly, mutation analysis of 3-globin gene in those
diagnosed as being the B-thalassemia carrier is always
required in case prenatal diagnosis is planned. Thus,
implementing this proposed strategy may be helpful in
this situation. As stated, the carriers of dp-thalassemia

or abnormal hemoglobins can only be indicated by the
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Hb identification and could be missed in situation where

82831 Thus in situation

the proposed strategy is applied.
where the 8B -thalassemia and abnormal hemoglobins
are expected, the Hb identification is still necessary.

Although the presented strategy seemed to
violate the national thalassemia diagnosis strategy, we
herein only proposed an alternative means in detecting
thalassemia carriers. Hb identification by HPLC or LPLC
or CZE is still necessary in this context. Further intensive
investigations are required to clarify this concept.

In conclusion, we have attempted to demon-
strate possibility of combination of MCV or MCH and a
multiplex allele-specific PCR in detecting common a- and
B-thalassemia carriers. However, this strategy was only

a preliminary model that could not identify all types of

Vol. 46, No. 1 January 2013

globin gene mutations. Hb identification is still required
in detecting thalassemia carriers. Additional studies are

needed to extent its efficacy.
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