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Abstract

Imbalance in o/B-globin chains is an important determinant of thalassemia disease

severity. This study examined the relationship between ov/-globin mRNA ratio and disease
severity in various thalassemia genotypes. a- and 3-globin mRNA contents of red blood cells
of 75 a- and 32 B-thalassemia subjects (5 with Bo—thalassemia/Hb E) and 14 normal controls
were measured using multiplex quantitative real-time reverse transcription-polymerase chain
reaction (QRT-PCR). The a/B-globin mRNA ratio of each sample was calculated based on the
Z'MCT method. A decrease of a/B-globin mRNA ratios in a-thalassemia subjects compared to
normal controls correlated with the numbers of defective a-globin genes, whereas an increase of
the ratios was observed in -thalassemia. Subjects with Bo-thalassemia/Hb E disease had the
highest a/B-globin mRNA ratio, followed by Bo-thalassemia trait and then B+-thalassemia
trait, which correlated with decrease in severity of anemia. Coinheritance of a-thalassemia in
Bo-thalassemia/Hb E resulted in a more balanced o./B-globin mRNA ratio and an amelioration
of the anemia. This study indicates that imbalance in globin gene expression, the major factor
affecting clinical severity of thalassemia, could be demonstrated by measuring o/-globin mMRNA
ratio, which was conveniently and accurately determined by qRT-PCR. In a-thalassemia,
o/B-globin mRNA ratio correlated with the number of functional o-globin genes present, whereas

in B-thalassemia the ratio provided a good indicator of disease severity.

Keywords: thalassemia, imbalance of globin chain, o/} globin mRNA ratio, qRT-PCR
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Table 1 Sequences of oligonucleotide primers and probes for real-time PCR.

Size of RT-PCR

Oligonucleotides Sequences (5'2>3")
product
A: a-sense primer GAGGCCCTGGAGAGGATGTTC
B: o-antisense primer CGTGGCTCAGGTCGAAGTG 73 bp
C: a-probe 6FAM-TGTCCTTCCCCACCACCAAGACCTACT-TAMRA
D: B-sense primer CTGTCCACTCCTGATGCTGTT
E: B-antisense primer GGCACCGAGCACTTTCTTG 74 bp

F: B-probe

VIC-TGGGCAACCCTAAGGTGAAGGCTCA-TAMRA

5

a- globin mRNA

CAP Poly A

l Ex-I1 Ex-I Ex-llI l

3

>0
@

73 bp

B- globin mMRNA

CAP Poly A

l Ex-I Ex-II Ex-llI ‘

3

F
D E
74 bp

Figure 1 §u113284 primers and probes Ut a- kas B-globin MRNA
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Figure 2 Quantitative real-time RT-PCR in known ot-thalassemia genotypes showed an increased of he
C, values when the number of a-globin gene deleted is increased ( oi-thal 2: o-globin
gene deleted, o-thal 1: two ol-globin gene deleted, Hb H disease: three o-globin gene deleted

and Hb Bart’s hydrops fetalis: four o-globin gene deleted).



Table 2 Hematological profile, genotype and o/3 mRNA ratio of Hb H and [3-thalassemia/HbE subjects

Patients Genotypes  o/f mRNA  Hb Hct RBC MCV MCH MCHC RDW

ratio (g/d) (%) (1071 (@) (pg)  (g/dl) (%)
1. Hb H disease*
H-1 o 0.1 98 279 4.50 62.0 21.8 35.1 16.7
H2 o 0.1 8.1 25.8 4.76 54.1 17.0 31.3 23.0
H-3 v oY 0.2 89 294 5.46 53.8 16.4 30.4 23.3
H-4 % o 0.2 104 335 6.25 53.5 16.7 31.1 30.4
H-5 oo 0.1 83 306 4.56 67.1 18.3 27.2 21.7
H-6 o a 0.4 85 304 4.67 65.1 18.2 28.0 22.6
H-7 a”a 0.1 85 296 4.29 69.0 19.9 28.9 22.6
H-8 oo 0.1 48 202 2.60 777 18.5 23.8 28.3
H-9 oo 0.2 83 305 4.28 71.3 19.4 27.2 24.8
H-10 oo 0.2 11.3 387 5.71 67.8 19.8 29.2 23.9
H-11 oo 0.3 8.1 28.2 4.31 65.4 18.8 28.7 25.4
H-12 oo 0.4 90 305 3.59 84.8 25.0 29.4 19.5
H-13 oo 0.5 8.1 30.1 4.82 62.3 16.8 26.9 222
H-14 oo 0.2 6.8 275 3.89 70.7 17.5 24.7 30.3
2. B-thalassemia/HbE

BE-1 PP 10.1 111 31.8 5.80 54.7 19.1 34.9 28.9
BE-2 PP 43.3 76 251 3.81 66.0 20.0 30.5 36.1
BE3 BB 28.9 61 212 - 64.0 - - -

3. B-thalassemia/HbE with Ol-thalassemia

BE-4 BB, 6.1 119 334 6.05 55.2 19.7 35.6 26.7
Ot3'7/ (13'7

BE-5 [_35/[3‘”"‘27”“”, 5.0 115 328  6.60 49.9 17.5 35.1 29.6
o“o/oo

* 3 patients had no hematological data



Table 3 Median (min-max) of a/B-globin mRNA ratio in normal and a-thalassemia subjects

Genotypes No. OL/B mRNA ratio OL/B gene ratio
1. Normal control 14 1.3 (0.9-2.9) * 2.0
2. One a-globin gene defects 1.5
21 oo 10 0.8 (0.6-1.2)
2.2 oo 11 0.6 (0.3-1.1)
Subtotal 21 0.7 (0.3-1.2) *
3. Two Ol-globin gene defects 1.0
3.1 oo 23 0.5(0.2-0.9)
32 o/ o 3 0.5 (0.5-0.7)
3.3 _a’aa 4 0.3 (0.3-0.8)
3.4 o“ouoo 3 0.4 (0.3-0.5)
3.5 oo o 1 0.5
Subtotal 34 0.5(0.2-0.9) *
4. Three Ol-globin gene defects (Hb H disease) 0.5
41 o 6 0.2 (0.1-0.2)
42 oo 10 0.2 (0.1-0.5)
43 oo 1 0.2

Subtotal 17 0.2 (0.1-0.5) *

5. Four Ol-globin gene defects (Hb Bart’s hydrops fetalis) 0.0
51 %y % 3 0 (0-0)

* OL/B mRNA ratios were significantly different among the 4 groups ( p-value < 0.001, for
both Kruskal-Wallis test and Mann-Whitney U-test)



Table 4 Median (min-max) of a/B-globin MRNA ratio in B-thalassemia including

coinheritance with O.-thalassemia

Genotype No. o/ mRNA ratio

1. Heterozygous Bo—thalassemia

11 B41/42 (TTCT) 9 2.4 (1.4-3.7)
19 BW(AAG-TAG) 5 2.4 (1.2-3.2)
13 B15(TGG-TAG) 1 2.7
14 Ba.A kb deletion 1 2.2

Subtotal 16 2.4 (1.2-3.7)

2. Heterozygous Bo—thalassemia with Ol-thalassemia

2.1 BT _at /oo 1 1.5
22BN _a’ oo 1 1.3
2.3 7™ aCasao 1 1.2
2.4 B™eTO T S g 1 0.9
Subtotal 4 1.3(0.9-1.5)
3. Heterozygous B+—thalassemia (BQS ey o 1.6, 2.0
4. Heterozygous Btthalassemia with Ol-thalassemia
4.1 B%"9 _a*/oo 3 1.3,1.6,2.3
4.2 3**° a“osaal 1 1.1
4.3B3%%% _ oo 1 0.7
Subtotal 5 1.3(0.7-2.3)
5. Bo—thalassemia/Hb E
5.1 Bpereme 2 10.1,43.3
5.2 pY/pY ) 1 28.9
6. Bo-thalassemia/Hb E with Ol-thalassemia
6.1 BB _a*’/_a*’ 1 6.

62 BE/BM/AZ (-TTCT), aCSa/aa ,I 50
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Abstract

Objectives: Imbalance in a/B-globin chains is an important determinant of thalassemia disease severity. This study examined the relationship
between a/B-globin mRNA ratio and disease severity in various thalassemia genotypes.

Design and methods: a- and B-globin mRNA contents of red blood cells of 75 - and 32 B-thalassemia subjects (5 with p°-thalassemia/Hb
E) and 14 normal controls were measured using multiplex quantitative real-time reverse transcription-polymerase chain reaction (qQRT-PCR).
The o/B-globin mRNA ratio of each sample was calculated based on the 2~*2¢T method.

Results: A decrease of o/B-globin mRNA ratios in a-thalassemia subjects compared to normal controls correlated with the numbers of
defective a-globin genes, whereas an increase of the ratios was observed in p-thalassemia. Subjects with p°-thalassemia/Hb E disease had the
highest a/-globin mRNA ratio, followed by pO-thalassemia trait and then p*-thalassemia trait, which correlated with decrease in severity of
anemia. Coinheritance of a-thalassemia in (°-thalassemia/Hb E resulted in a more balanced o/ -globin mRNA ratio and an amelioration of the
anemia.

Conclusions: This study indicates that imbalance in globin gene expression, the major factor affecting clinical severity of thalassemia, could be
demonstrated by measuring o/p-globin mRNA ratio, which was conveniently and accurately determined by qRT-PCR. In a-thalassemia, a/p3-
globin mRNA ratio correlated with the number of functional a-globin genes present, whereas in 3-thalassemia, the ratio provided a good indicator

of disease severity.

© 2007 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Keywords: Thalassemia; Imbalance of globin chain; o/R3-Globin mRNA ratio; qRT-PCR

Introduction

Thalassemia is a heterogeneous group of genetic disorders
of hemoglobin synthesis, characterized by a decrease in the
production of globin chains [1]. The two most clinically
relevant thalassemia syndromes are the a- and 3-thalassemias.

* Corresponding author. Fax: +66 43 202 087.
E-mail address: sutpra@kku.ac.th (S. Kitcharoen).

a-Thalassemia is caused by deletion or mutation affecting
either one or more of the duplicated a-globin genes, located
on chromosome 16pter-pl13.3, whereas P-thalassemia is
caused by point mutations in {-globin gene, located on
chromosome 11pl5.5, leading to an absence or decrease in
globin chain production from the affected genes. Both a- and
-thalassemias are highly prevalent in Southeast Asia,
including in Thailand where the prevalence of «-thalassemia
reaches 20-30% and that of -thalassemia is between 3 and
9% [2].

0009-9120/$ - see front matter © 2007 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Furthermore, both «-chain and B-chain variants are also
present at a high frequency in Southeast Asian region. In
Thailand, the two most common hemoglobin (Hb) variants in
Thailand are hemoglobin E (Hb E) and Hb Constant Spring
(CS). Hb E results from a single amino acid substitution of
lysine by glutamic acid, due to a point mutation (GAG>AA4G) in
codon 26 of the B-globin gene. Its prevalence in Thailand is
about 13%, with the highest frequency of about 50% observed
in the northeast part of the country [3,4]. Hb CS, caused by a2-
globin gene termination codon mutation (744> CAA4, Gln) is the
most common mutation among non-deletional «-thalassemia
with an estimated prevalence of 1-8% [3,5]. In addition to Hb
CS, Hb Paksé (PS), another Hb variant arising from a2-globin
gene termination codon mutation (744> TAT, Tyr), has also
been reported with a significant prevalence [6,7].

Interactions of these hemoglobinopathies are thus not
uncommon in the Thai population and lead to thalassemia
syndromes with a variety of phenotypes, ranging from
asymptomatic to severe anemia. Phenotypic diversity of
thalassemia depends on the extent of imbalance between -
and non-a-globin chains [1,8]. The most direct method for
determining imbalance in a/non-a-globin chain ratio is
measurement of «o/PB-globin synthesis ratio in vitro. This
involves the incubation of reticulocytes with radioactive
amino acids such as *H-leucine, which requires not only
handling of radionuclides, but also a chromatographic separa-
tion step of the two types of globin chains before quantitation by
liquid scintillation counting can be made [1]. Recently, Irenge et
al. developed quantitative real-time reverse transcription-
polymerase chain reaction (qQRT-PCR) to quantify the in vitro
expression of mutated -globin genes and demonstrated that
gqRT-PCR is an accurate method used to assess transcriptional
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impact of p-globin gene [9,10]. This method, compared to
competitive RT-PCR [11], has been proven to be faster, less
labor-intensive, and devoid of molecular carryover.

In the present study, we have chosen to determine o/p3-globin
mRNA ratios in thalassemia using qRT-PCR and show that the
deviations in o/B-globin mRNA ratio from normal control
value are good indicators of thalassemia disease severity.

Materials and methods
Subjects

A total of 107 thalassemia EDTA-blood samples (75 a-
thalassemia, 27 PB-thalassemia and 5 p°-thalassemia/Hb E)
were recruited from prenatal diagnosis blood samples obtained
at Centre for Research and Development of Medical
Diagnostic Laboratories, Faculty of Associated Medical
Sciences, Khon Kaen University, Thailand. Samples from 14
healthy individuals who had normal Hb profile and no «-
thalassemia gene were also included in this study. Hb
phenotypes of all samples were identified using Hb/HPLC
analyzer (Variant, Bio-Rad Laboratories, Hercules, CA, USA).
Ethical approval of the study protocol was obtained from the
Ethical Committee of Khon Kaen University, Khon Kaen,
Thailand (HE 481016). The hematological profiles of subjects
with Hb H and p°-thalassemia/Hb E are shown in Table 1.

DNA analysis
Identification of o’-thalassemia (SEA-type), o' -thalassemia

(3.7- and 4.2-kb deletion), Hb CS, Hb PS, Hb E and B-
thalassemia mutations in genomic DNA extracted from blood

Table 1

Hematological profile, genotype and a/p mRNA ratio of Hb H and B-thalassemia/HbE subjects

Patient ~ Genotype o/p mRNA ratio  Hb (z/dL) Het (%) RBC (x10'%L) MCV (fL) MCH (pg) MCHC (g/dL) RDW (%)

(1) Hb H disease®
H-1  _ _SBAL37 0.1 9.8 27.9 4.50 62.0 21.8 35.1 16.7
H-2  _ _SEAL 3T 0.1 8.1 25.8 476 54.1 17.0 313 23.0
H-3  __SEA 37 0.2 8.9 29.4 5.46 53.8 16.4 30.4 233
H-4  _ _SBAL37 0.2 10.4 33.5 6.25 53.5 16.7 31.1 30.4
H-5  SEA%QSSq 0.1 8.3 30.6 4.56 67.1 18.3 272 21.7
H-6  SEAQSSq 0.4 8.5 30.4 4.67 65.1 18.2 28.0 22.6
H-7  SPAaSa 0.1 8.5 29.6 429 69.0 19.9 28.9 22.6
H-8  SEA/QSSq 0.1 48 20.2 2.60 71.7 18.5 23.8 28.3
H-9  SEAQSSq 0.2 8.3 30.5 428 71.3 19.4 27.2 24.8
H-10 SEAaSq 0.2 113 38.7 5.71 67.8 19.8 29.2 23.9
H-11  SPA%aSa 0.3 8.1 28.2 431 65.4 18.8 28.7 254
H-12  SEAQSq 0.4 9.0 30.5 3.59 84.8 25.0 29.4 19.5
H-13  SEA/QSSq 0.5 8.1 30.1 4.82 62.3 16.8 26.9 222
H-14 SEAaPSa 0.2 6.8 27.5 3.89 70.7 17.5 24.7 30.3

(2) p-Thalassemia/HbE
BE-1 pEpPAAGTAG 10.1 11.1 31.8 5.80 54.7 19.1 34.9 28.9
BE-2 pfp* (AAGTAG) 433 7.6 25.1 3.81 66.0 20.0 30.5 36.1
BE-3  pEplVsiHEo 28.9 6.1 21.2 - 64.0 - - -

(3) B-Thalassemia/HbE with a-thalassemia
BE-4 pEpta2CTTeD 37 37 6.1 11.9 334 6.05 55.2 19.7 35.6 26.7
BE-5 pE/p42 CTTCD (CSo/an 5.0 11.5 32.8 6.60 49.9 17.5 35.1 29.6

? Three patients had no hematological data.
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leukocytes were performed using standard PCR methodologies
[7,12-15].

RNA analysis

Total RNA was isolated from peripheral red blood cells,
which included reticulocytes, using Trizol™ reagent kit
(Invitrogen, California, USA) [16]. RNA concentration and
purity were determined by measuring absorbance at 260 and
280 nm (UV 1101 photometer, Biotech Photometer, Cambridge,
CB16NW, UK). DNA contamination in the RNA sample was
eliminated by DNase treatment (Promega, Madison, W1, USA).
Multiplex one-step real-time RT-PCR for quantification of -
and P-globin mRNA was performed in 13 pL volume
containing 25 ng of RNA, 115 nM of each primer, 50 nM of
each probe and reagents supplied by TagMan™ One-Step RT-
PCR Master Mix kit (Applied Biosystem, California, USA).
The sequences of primers and probes used in this study have
been described elsewhere [17]. Plasmid pHE7 containing «-
and B-globin cDNA, kindly provided by TJ Shen (Department
of Biological Sciences, Carnegie Mellon University, Pittsburgh,
PA, USA) [18], was used as standard for the calculation of o/f3-
globin mRNA ratio according to the 2 22T method [19]. Real-
time RT-PCR amplifications were conducted in triplicate using
Rotor-Gene 3000 version 6.0 (Corbett Research, Sydney, New
South Wales, Australia) as follows: 30 min at 48 °C for reverse
transcription; 10 min at 94 °C for inactivation of reverse
transcriptase and AmpliTaq Gold activation; and 35 cycles of
PCR with 15 s at 94 °C for denaturation and 1 min at 58 °C for
annealing/extension.

Statistical analysis

Calculation of statistical significance was performed using
the Minitab software (1998; release 12.2; Minitab Inc, State
College, PA, USA). Since the data did not follow a normal
distribution, nonparametric statistical methods were applied for
the data analysis. The Kruskal—Wallis test was used to test the
differences among groups. Further testing with Mann—Whitney
U-test was done when a significant difference was found. A
p-value of <0.05 was considered as statistically significant.

Results

Multiplex one-step real-time RT-PCR was used to determine
the amounts of a- and B-globin mRNA in the reticulocyte blood
samples. The a/p-globin mRNA ratio in each sample was then
calculated by the 2 AACT method [19]. This procedure is based
on the measurement of CT value of the sample and compared to
that of standard pHE7 plasmid which contains a single copy of
a- and p-globin cDNA. A known concentration of (3-globin
cDNA was assigned as the calibrator for calculation a/pB-globin
mRNA ratio of the sample. The a/B-globin mRNA ratio of the
standard plasmid ranged between 0.9 and 1.1. In 14 normal
subjects, the median (min—max) of a/p-globin mRNA ratio was
1.3 (0.9-2.9) (Table 2), a range of values consistent with the
gene dosage.

Table 2
a/B-Globin mRNA ratio in normal and a-thalassemia subjects

Genotype No. Median o/p mRNA ratio (min—max)
(1) Normal control 14 1.3 (0.9-2.9)*
2) One a-globin gene defects
g g

2.1 _o* /o 10 0.8 (0.6-1.2)

2.2 o%Sa/aa 11 0.6 (0.3-1.1)

Subtotal 21 0.7 (0.3-1.2)*
3) Two a-globin gene defects

g g

3.1 - S« 23 0.5 (0.2-0.9)

32 7o 3 0.5 (0.5-0.7)

3.3 _o7/aSa 4 0.3 (0.3-0.8)

3.4 oSSa/aSa 3 0.4 (0.3-0.5)

3.5 aSSa/aSa 1 0.5

Subtotal 34 0.5 (0.2-0.9)"
(4) Three a-globin gene defects (Hb H disease)

4.1 _ SEAL Q3T 6 0.2 (0.1-0.2)

42 _ SEA Sy 10 0.2 (0.1-0.5)

4.3 _ SEAQPSy 1 0.2

Subtotal 17 0.2 (0.1-0.5)"
(5) Four a-globin gene defects (Hb Bart’s hydrops fetalis)

5.1 _ _SEA/__SEA 3 0 (0-0)

a

o/ mRNA ratios were significantly different among the 4 group
(p-value<0.001, for both Kruskal-Wallis test and Mann—Whitney U-test).

Seventy-five a-thalassemia samples analyzed were divided
into 4 groups depending on the number of defective a-globin
gene (Table 2, groups 2-5). There was a decrease in the ratios
concomitant with the decrease in the numbers of functional a-
globin genes. The median (min—max) a/pB-globin mRNA ratio
in individuals with one, two, and three a-globin gene deletion
was 0.7 (0.3-1.2), 0.5 (0.2-0.9), and 0.2 (0.1-0.5), respec-
tively, all significantly different from control value and among
the groups (p-value <0.001, for both Kruskal-Wallis test and
Mann—Whitney U-test). Fetal blood of Hb Bart’s hydrops
fetalis (group 5; 4 a-globin gene deletion) had, as expected, no
transcription of a-globin gene, and thus the a/B-globin mRNA
ratio was equal to zero. The presence of a“5- or «">-gene gave
rise to a/P-globin mRNA ratios that did not significantly differ
from that due to a single a-gene deletion. Patients with Hb H
disease presented with mild hypochromic and microcytic
anemia (Table 1), but there was no correlation between severity
of anemia, represented by Hb level, and a/p-globin mRNA
ratios.

The thirty-two cases of -thalassemia were divided into 6
groups (Table 3). The number of subjects within most
categories was, however, too small for conducting meaningful
statistical tests, thus the observed results were descriptively
explained. Sixteen samples were heterozygous B°-thalassemia
consisting of 9 cases of p41/42 (TICD) 5 o 17 (AAG-TAG) a1 one
each of L))15 (TGG-TAG) and B3.4 kb deletion- The a/B-globin
mRNA ratio of this group was 2.4 (1.2-3.7) which was about
two times higher than normal control. Coinheritance of -
thalassemia or Hb CS with heterozygous [°-thalassemia
resulted in reduction of a/B-globin mRNA ratio to within the
normal range (1.3 (0.9-1.5), n=4). Heterozygous {3 -thalasse-
mia (372* “9) produced o/p-globin mRNA ratio (1.6 and 2.0)
within normal range and coinheritance of a-thalassemia or Hb
CS reduced the ratio slightly (1.3 (0.7-2.3), n=3). However,
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Table 3
o/B-globin mRNA ratio in P-thalassemia including coinheritance with
a-thalassemia

Genotype No. Median o/p mRNA ratio
(min—max)
(1) Heterozygous °-thalassemia
1.1 piaz cTTen 9 24(14-37)
1.2 pl7 (AAG-TAG) 5 24(12-32)
1.3 p!S (TGG-TAG) 1 27
1.4 B3.4 kb deletion 1 22
Subtotal 16 2.4(1.2-3.7)

(2) Heterozygous B°-thalassemia with a-thalassemia

2.1 pHAZCTTCD (370 115
22 p7V2 68 (30 1 13
2.3 pl7 AAGTAG) (CSq/aa 1 12
2.4 pl7 (AAGTAG)  SEA/ 109
Subtotal 4 13(09-1.5)
(3) Heterozygous (> -thalassemia E3’®9) 2 16,20
(4) Heterozygous ' -thalassemia with a-thalassemia
4.1 A0 03w 3013,16,23
42 p B A9 (Sa/aa 1 11
430 SFAgq 107
Subtotal 5 1.3(0.7-2.3)
(5) 3°-Thalassemia/Hb E
5.1 pE/p® (AAGTAG) 2 101,433
5.0 BE/BIVS#S (G-O) 1 289
(6) °-Thalassemia/Hb E with a-thalassemia
6.1 pE/p 4V42 CTICD)  (3.7) (37 1 61
6.2 BE/B 41/42 (—TT(‘T)’ «SSa/aa 1 5.0

the combination of Hb E with P-thalassemia profoundly
affected o/p-globin mRNA ratio and anemia severity. Subject
with a lower a/3-globin mRNA ratio had a less severe anemia
than one with higher ratio (Table 1): subject BE-1 with ratio of
10.1 had a Hb level of 11.1 g/dL compared with BE-2 (/-
globin mRNA ratio=43.3 and Hb level=7.6 g/dL) and BE-3
(a/B-globin mRNA ratio=28.9 and Hb level=6.1 g/dL).
Coinheritance of a-thalassemia (BE-4) or Hb CS (BE-5) with
p°-thalassemia/Hb E reduced o/B-globin mRNA ratio (6.1 and
5.0 respectively) and anemia severity (Hb level of 11.9 and
11.5 g/dL respectively).

Discussion

Balanced synthesis of a- and (-globin is critical to the
normal development and function of red blood cells and
imbalance in globin chain synthesis causes thalassemia.
R-Globin is translated from mRNA transcribed from a single
R-globin gene, whereas a-globin mRNA is transcribed from
duplicated a-globin genes. In this study, a/B-globin mRNA
ratio obtained from 14 normal subjects was consistent with that
expected from the gene dosage and in agreement with previous
reports of 1.2- to 2.3-fold increase of a-globin mRNA over
R-globin mRNA [17,20—23]. Ratios as high as 4.2—4.6 have
been reported [24,25], but these studies employed liquid
hybridization techniques which are affected by variations in
such factors as stringency of hybridization and specific activity
of the probes employed. It is not clear whether in situ there is an
excess of a-globin over 3-globin mRNA. A confounding factor
is the variation in the reticulocyte developmental stages from

which mRNA was extracted. Reticulocytes are undergoing
catabolism of mRNA and ribosomes as they mature into
erythrocytes within the blood circulation. In this study, blood
samples were immediately processed for RNA extraction.
Recent discovery of an a-hemoglobin stabilizing protein
(AHSP) that specifically binds unstable monomeric a-Hb and
prevents its precipitation in the absence of available p-Hb
subunit, suggests that there can be the presence of excess a-
over 3-globin chains in normal red blood cells [26].

In «-thalassemia subjects, o/p-globin mRNA ratio
decreased in proportion to the number of defective a-globin
gene. Decrease in o/-globin mRNA ratios concomitant with
the number of defective a-globin genes has been reported by
several investigators [20,23,24], but the absolute values of the
ratio given in each report are not the same, reflecting the
different parameters employed in each study. Determination of
a/p-globin mRNA ratio provides information regarding the
number of inactivated a-globin gene. This approach should be
useful to detect cases of a-thalassemia carriers.

The presence of a“S-globin or a"-globin gene did not
change the o/p-globin mRNA from that of deletional type of
a-thalassemia (Table 2). Hb CS and Hb PS are categorized as
nondeletional «-thalassemia. This has been explained by the
entry of ribosomes into the 3’-untranslated region (3’-UTR) due
to abolition of the normal stop codon in - or a”S-mRNA
resulting in destabilization of mRNA, which is normally
protected from deadenylation and endoribonucleolytic cleavage
by the presence on 3’-UTR of an RNA-protein “a-complex”
[27]. However, the presence of Hb CS and Hb PS in red blood
cells, albeit in small amounts, indicates that there must be
sufficient mRNA for translation of the variant a-globin chains.
The pathology of red blood cells containing Hb CS or PS has
been ascribed to the presence of Hb CS/Hb PS on red blood cell
plasma membrane where they exert oxidative damage [28,29].
A recent report of impaired interaction of AHSP with a“S- and
a"S-globin could also exacerbate the reduction in formation of
Hb CS and Hb PS [30].

Studies of a/B-globin mRNA ratio in B-thalassemia carriers
demonstrated higher values than normal control in p°-
thalassemia carriers. These findings are consistent with the
phenomenon of nonsense-mediated mRNA decay (NMD), a
surveillance mechanism that selectively degrades mRNA
carrying premature translation termination codons [31] (except,
of course, in the case of p>* Kb deletiony " Ajl 3O thalassemia
genes have nonsense mutations in exon 1 or exon 2, or produce
an in-frame nonsense codon upstream of the last exon, which
commit the affected mRNA to NMD [32]. However, the
efficiency of NMD can also depend on the position of the
nonsense mutation [33].

The highest a/B-globin mRNA ratios were seen in B°-
thalassemia/Hb E and the ratios correlated with the anemia
severity. This finding is in agreement with a previous report
[17]. As expected the presence of deletional or nondeletional «-
thalassemia in (B-thalassemia carriers reduced o/p-globin
mRNA ratio. When this occurs in subjects with B°-thalasse-
mia/Hb E, this can result in significant amelioration of anemia.
It is unclear why p°-thalassemia/Hb E subjects with the same
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pC-thalassemia mutation (in the absence of a-thalassemia or
high Hb F) presented with differences in anemia severity. This
study clearly demonstrated that milder outcome is associated
with a more normal «/pB-globin mRNA ratio. A possible
explanation is that this is the result of variation in alternate
splicing of R"-globin mRNA [34].

In summary, this study showed that multiplex qRT-PCR is a
convenient and accurate method to measure «/p-globin mRNA
ratio from «- and -thalassemia reticulocytes. In a-thalassemia,
o/p-globin mRNA ratio correlated with the number of
functional a-globin genes present, whereas in {3-thalassemia,
the ratio provided a good indicator of disease severity.
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a-pglobin mRNA ratio. fihalassemia, real-time RT-PCR

bﬂul&mﬁa’samofhcmdimymiaschamuimdhymdwcd
(B thalassemia) or absent (f*thalassemia, production of B-globin chain. The excess
aglobindmimpmdpimcmmdbbodcellsandmm:dwhamﬂysisofmdblood
cells. B-Thalassemia usually has more severe clinical features, It is found that red
bbodmlkofﬁ‘hl&anhmhmmtofmcmofa-globhdm
than those of B-thalassemia, Morcover, the concomitance with o thalassemia can
mdwcdwscvuityofﬂ\cdim.lnmdamobminmehfmrdawdmme
pathophysiology of discasc at the mRNA level, we measured the o f globin mRNA
mdoshvmgaxxypsofpﬁmhsuniamingmuldpla real-time RT-PCR. The
result showed that the median (interquartile range) of u-f-globin mRNA ratio in
nonnalcormol(N=l4)is129(1.10-1.70l11\cratiow'asixumedixlﬂdlalmnia.
The highest ratio was found in Bthalassemia/tb E patients (10.14, 28.86 and 4336,
N=3), followed by Bithalassewnia carriers (244 (2.03-3.15), N=16) and
Masmﬁwﬁm(l.%mdl.&.Nﬁ)ﬂrmﬁouasm&wchmﬂmkm z
interaction with othalassemia. The ratios in fBand B’ thalassemia carviers with one
a-globin gene defect were reduced to 1.43 (1.22-1.78), N=4) and 1.24, 1.29, 145,
(N=3).mq)¢cdvdy.mdmosc“idtmoaglobhga\cdefmmclosedto 1
{0.73, N=1 and 0.91, N=1, tespectively). f-ThalassemiaHb E with a-thalassemia
had decreased ratio bus stil greater than the normal control (4.96 and 6.14, N=2), .
Increased of a.f globin mRNA inﬂdlalmniaindicauimbalma:ofa-andﬁ
globin chains synthesis at mRNA level and this correlates with disease scverity.
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