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ABSTRACT

Hemoglobin (Hb) variant is an abnormal structure Hb due to globin genes
mutation. The effect of Hb variants are varied, from no clinical implication to clinical
significance if combines either with thalassemia or with their own. The Hb variants
commonly found in Thailand are Hb E and Hb Constant Spring. They are clinically
significant when associate with thalassemia.

This study was aimed at some rare Hb variants in Thailand. Based on Hb
typing, a Hb variant was screened to present as an abnormal peak or sometimes in the
same peak of normal Hb fraction such as Hb F and Hb A,. Moreover, different Hb
variants may separate in the same fraction. Two automated Hb typing machines were
used in comparative, the Variant Il HPLC and the Capillarys-2 CZE. Three multiplex
ARMS-PCR test were set up to identify 12 Hb variants.

The first group of Hb variants were those eluted before Hb A on HPLC.
The second and the third groups were those eluted after Hb A on HPLC, but the latter
was for the Middle East population. The variants positive by PCR were confirmed by
direct DNA sequencing. The results showed the successful of the multiplex ARMS-
PCR in detection of rare 7 Hb variants in Thai and 2 variants in the Middle East
samples.
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CHAPTER I
INTRODUCTION

Background and problems

More than 900 hemoglobin (Hb) variants have now been found worldwide,
most of which are single point mutations, including « globin chains, g globin chains, y
globin chains, ¢ globin chains, C-terminal elongations and &4 hybrid hemoglobin
resulting from crossing-over. Several hemoglobinopathies are found in Thailand, most
are rare and do not cause clinical symptoms. However, some of high prevalent Hb
variants have clinical implications such as Hb E, Hb constant Spring or Hb Tak, either
on their own or in association with thalassemia e.g. Hb E/f’-thalassemia. Alkaline and
acid hemoglobin electrophoresis are the conventional used methods for investigation
hemoglobin variants. Hemoglobin fraction analysis by high performance liquid
chromatography (HPLC) and capillary zone electrophoresis (CZE) have the advantage
of quantifying Hb F, A, A, E and other Hb variants. However, the definite
identification of Hb variants can be achieved only by DNA analysis or amino acid
sequencing. Because of in Hb variants screening methods (HPLC and CZE), many
different Hb variants may be co-eluted in the same window (HPLC) or the same zone
(CZE). In this study the results from both methods were compared with the databases
of each method to predict the possible Hb variants in each case for further
identification by DNA analysis. The standard procedure for molecular characterization
of known mutation is southern blot analysis and amplification refractory mutation
system (ARMS). Southern-blot hybridization of particular restriction enzyme digests
to labeled complementary gene probes is typically used for the diagnosis of
deletion/mutation causing Hb variants, however this technique is laborious, observer-
dependent, and reported to have poor sensitivity. The amplification refractory
mutation system (ARMS) is assay to detect point mutations in the present or absence

of allele-specific primers, which is faster, safer (no radioactivity involved), and easier



Noppawan Tangbubpha Introduction / 2

to interpret than Southern blot analysis. But it usually detects one mutation per
reaction, resulting of laborious and expensive for characterizing Hb variant in each
location of variant chromatogram. Thus the MARMS-PCR (multiplex amplification
refractory mutation system) assay have been developed to detection of Hb variants in
each location of variant chromatogram. This technique could be amplified multiple
DNA targets in one reaction by using more than one pair of primers that make the less
expense of reagents and preparation time is less than others systems. The method is
rapid and simple and can be performed in routine laboratory.
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CHAPTER I
OBJECTIVE

Develop multiplex ARMS-PCR assays for identification and confirmation

of hemoglobin variants found in Thailand
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CHAPTER III
LITERATURE REVIEW

Human hemoglobin (Hb) is the iron containing oxygen-transport in red
blood cells. Hb molecule is a tetrameric polypeptide comprised four subunits that are
two alpha (a or ) and two non-alpha (g, y, 6 or B) globin chain. (1, 2). In normal
human adults the major hemoglobin component is Hb A (0,p;) comprising about 97
%. A minor fraction accounting for about 2 % is Hb A; (00,) Trace of Hb F (a.2y2) or
fetal hemoglobin (approximately 1 %) has still been found despite its predominance
during fetal period (3). The genes controlling globin production are on chromosome
16 (alpha; a globin genes) and chromosome 11 (beta; 3, gamma; v, and delta; o globin
genes) (1-4). As seen in the Figure 3.1 (5), the alpha globin molecule concentration is
rather stable and expressed until birth and after birth, because it is needed for both
fetal and adult hemoglobin production. The beta globin molecule appears early in fetal
life at low levels and begins to rapidly increase after 30 weeks gestational age and
complete about 30 weeks postnatally. The transition from gamma globin synthesis to
beta globin synthesis begins before birth. By approximately six months of age. The
delta globin appears at a low level at about 30 weeks gestational age and maintains a
low profile throughout life. In the thalassemia patient, a mutation or deletion of the
genes that control globin production occurs. This leads to a decreased production of
the corresponding globin chains and an abnormal hemoglobin ratio (o: non-a) (6-8).
This abnormal ratio leads to decreased synthesis of hemoglobin and the expression of
thalassemia. The globin that is produced in normal amounts winds up in excess and
forms red cell aggregates or inclusions. These aggregates become oxidized and

damage the cell membrane, leading either to hemolysis, ineffective erythropoiesis, or

both (9, 10).
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Figure 3.1 Gene expression of hemoglobin before and after birth. Also identifies the

types of cells and organs in which the gene expression (5)



Noppawan Tangbubpha Literature Review / 6

3.1 Hemoglobinopathy

Hemoglobinopathies or inherited disorders of Hb synthesis could involve
either heme or globin parts of the molecule. However, very little is known about the
genetic defects of heme synthesis (2, 11). Subsequently, the term hemoglobinopathy is
usually restricted to the inherited disorders of the structure synthesis of globin (11).
Hemoglobinopathy can be classified into two main groups as thalassemia which are
genetic abnormalities causing the reduction or absence in globin chains synthesis and
abnormal Hb or Hb variant in which the abnormal globin chains were produced (11,
12). Thailand has a high incidence of hemoglobinopathies, which include not only a-

thalassemia, B-thalassemia, but also abnormal Hb or more precisely, "Hb variants"

(11, 12).

3.1.1 Thalassemia
Thalassemia are a group of inherited autosomal recessive disorders
because of the decreased or absent synthesis of a globin chain as a quantitative defect
of globin chain production, lead to imbalanced globin chain synthesis, defective Hb
production and damage to the red blood cells or their precursors(7, 13, 14). These
defects lead to hereditary anemia with symptomatic varieties. Thalassemias are mainly
classified, based on type of deficient globin chain into o-thalassemia and [3-
thalassemia.
3.1.1.1 Beta thalassemia
B-thalassemia syndromes are a group of hereditary disorders
characterized by decreased or absent B globin chain synthesis. (15, 16). In the
homozygous state, beta thalassemia (ie, thalassemia major) causes severe transfusion-
dependent anemia. In the heterozygous state, the beta thalassemia trait (ie, thalassemia
minor) causes mild-to-moderate microcytic anemia (17). In addition, hemoglobin (Hb)
E, a common Hb variant found in Southeast Asia, is associated with a beta thalassemia
phenotype, and this variant is included in the beta thalassemia category of diseases
(14). Beta-thalassemia results in an excess of alpha globins that accumulate in the

erythroblast (immature red blood cell). These aggregates are very insoluble and
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precipitation interferes with erythropoiesis, cell maturation and cell membrane
function, leading to ineffective erythropoiesis and anemia (14, 16, 18).

3.1.1.2 Alpha thalassemia

o-thalassemia is characterized by a reduced rate of o globin
chain production, which is common hereditary anemia resulting from the deficient
expression of the functional ol and/or a2-globin genes. Although a small minority of
cases involve point mutations of the a-globin genes, a-thalassemia is usually caused
by deletions that remove one or both a-globin genes (16, 19-21). Individuals in whom
one or two o-globin genes have been deleted or inactivated are mildly anemic, but
otherwise healthy (a-thalassemia trait) (21). Loss of three a-globin genes results in an
excess of beta globins, which leads to the formation of beta globin tetramers (4)
called Hb H (16).These tetramers are more stable and soluble, but under special
circumstances can lead to hemolysis, generally shortening the life span of the red cell.
Conditions of oxidant stress cause Hb H to precipitate, interfering with membrane
function and leading to red cell breakage (19). Hb H-Constant Spring disease is a more
severe form of this hemolytic disorder (22, 23). The most severe thalassemia is alpha
thalassemia major, in which a fetus produces no alpha globins, which is generally

incompatible with life (16).

3.1.2 Abnormal Hb or Hb variant

Hb variants are inherited disorders of the structural synthesis of globins
cause alteration in the amino acids (2, 16). These changes may effect the structure of
the hemoglobin, resulting in abnormal function such as oxygen transport or leads to
hemolytic anemia (24). Some Hb variants are synthesized in reduced amount leading
to thalassemia-like effect (8, 25). Most Hb variants themselves actually do not cause
any abnormalities in function, since they occur at the surface of molecule (7). Some of
high prevalent Hb variants have clinical implication, ether on their own or in
association with thalassemia (25, 26). Many types of Hb variants have been found,
depending on racial background (27, 28). The most common Hb variants worldwide
are Hb S, Hb E, Hb C, Hb D. Approximately 8% of African-Americans descent carries

mutation which produces Hb S (6 (Glu>Val)), the incidence of the gene in some
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African populations is as high as 40 %, the gene is also found with less frequency in
non-Indo-European aboriginal peoples of India and in the middle East (29). Those
with Hb S disease have two abnormal beta (B°) chains and two normal alpha (o)
chains. The presence of hemoglobin S causes the red blood cell to deform and assume
a sickle shape when exposed to decreased amounts of oxygen such as might happen
when someone exercises. Sickle red blood cells can block small blood vessels, causing
pain and impaired circulation, decrease the oxygen-carrying capacity of the red blood
cell, and decrease the cell’s lifespan (29-31). A single B° copy does not cause
symptoms unless it is combined with another hemoglobin mutation (29-31).

In Thailand, since the discovery of Hb E in 1964, more than 30 different
Hb variants have now been found (31, 68). Most are rare except for Hb E and Hb
Constant Spring with frequency of 10- 53 % and 1-8 % respectively (31, 35). Most
mutations are point mutations included point mutations in o chains and point
mutations in [ chains (2). But insertions, deletions, C-terminal elongations and
unequal crossing-over with the production of fusion genes are also found (2). Some of
them are shown in Table 3.1. The consequences of these genetic events depend on the
type of amino acid substituted, the site of substitution or crossing-over, and the rate of
production of the hemoglobin variant (69,70). In many cases the structural changes
cause no disability (2, 31). In some cases they cause shortening of red cell survival by
either altering the shape of the red cell or by causing precipitation of hemoglobin due
to molecular instability (2, 24, 71). Because of their proximity to the hemepocket,
produce permanent methemoglobinemia while others result in lack of heme/heme
interaction and produce a high oxygen-affinity state which causes a genetically

determined polycythemia (2, 24, 36, 71).

3.2 Genetic Classification of Hb variants in Thailand

3.2.1 Point mutations in a-globin gene
A point mutation changes only a single base by substitution of one
nucleotide, loss of a nucleotide, or insertion of an additional nucleotide (2, 31). The

point mutations include missense, nonsense, frameshift, and silent mutations. In Thai
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individuals, Hb variants due to point mutations in a-globin genes were reported such
as Hb Anantharaj, Hb siam, Hb Queens, Hb Mahidol or Hb Q-Thailand, Hb Constant
Spring (Hb CS) and Hb Pakse’ (Hb PS) (52, 53, 72, 74-78).

Hb Anantharaj was characterized in 1974 as being the mutation in a1
(Lys>Glu) by S. Pootrakul (64) and the mutated amino acid was reexamined to be al11
(Lys>Gln) as Hb J-Wenchang-Wuming by J. Svati et al. in 1993 (53). Heterozygous
Hb Anantharaj did not appear to produce any disturbance of hematological parameters
(53).

Hb Siam or Hb Ottawa (15 Gly>Arg) has been described in a Chinese
male from Thailand by S. Pootrakul ef al. in 1974 (52). In previous reports, the
hematological profile was normal in heterozygote (5, 46, 52) Hb typing by automated
HPLC (VARIANTTM; Bio-Rad Laboratories, Hercules, CA, USA) revealed unknown
peak in S window (73).

Hb Queens also known as Hb Ogi (&34 Leu>Arg) has been reported in
Oriental races including subject of Korean, Japanese, Chinese and Vietnamese (72,
74). The first report in Thailand was found in Thai male of Chinese ancestry by S.
Yongsuwan et al. in 1987 (38). The hematological profile was normal in heterozygote
and has a slightly increased oxygen affinity compared to Hb A (38, 66).

Hb Mahidol, also known as Hb Q-Thailand, Hb G-Taichung, Hb Kurashiki
and Hb Asabara, was found mainly in China and South-East Asian countries (75). In
Thai, it has been reported in 1970 by S. Pootrakul et al. (76). Hb Q-Thailand is
resulting from a point mutation in codon 74 (Asp>His) of al globin gene occurs on a
chromosome with the a2-globin gene deleted (4.2-kb deletion) (75). It has important
implications in the identification because of the heterozygous form is associated with
slight microcytosis due to linked o-thalassemia 2 determinant .Thus co-inheritance of
Hb Q-Thailand with a-thalassemia 1 results in a thalassemia intermedia known as the
Hb Q-H disease with similar clinical features of Hb H disease.

Hb CS and Hb Pakse’ are two abnormal Hbs resulting from point
mutations at the stop codon of the a2-globin gene, TAA>CAA and TAA>TAT,
respectively. These two mutant globin genes are the most prevalent nondeletional o-

thalassemias among Southeast Asian populations. These mutations lead to the addition
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of 31 amino acids to the normal a-globin sequence. The mRNAs of these two mutant
genes are very unstable, and the rates of a-chain synthesis are reduced. Heterozygotes
of these two variants are clinically and hematologically normal. Homozygotes show a
clinical picture of thalassemia intermedia with mild anemia, jaundice, and
hepatosplenomegaly. Interactions of them with ol-thalassemia lead to the Hb H
disease, which is usually more severe than the Hb H disease caused by deletion of

either a2 or al gene (61, 77, 78).

3.2.2 Point mutations in B-globin gene

A various mutation in 3-globin gene reported in Thai individuals were Hb
E, Hb C, Hb Siriraj, Hb J-Bangkok, Hb D-Punjab and Hb Hope (35, 63, 66, 79, 80-82,
84, 86 ).

Hb E (£26 Glu>Lys) is a variant Hb with a mutation causing substitution
of glutamic acid for lysine at position 26 of the 3 globin chain (80). Hb E is the most
common Hb variant in Thailand (80). Both heterozygotes and homozygotes are
asymptomatic, minimally anemic, and have microcytic and hypochromic red blood
cells (15, 34, 80, 82). Most of the problems with Hb E is found when it is associated
with B-thalassemia, so that can cause mild to moderate and severe anemia (82).

Hb C (p6 Glu>Lys) is a Hb variant that causes mild hemolytic anemia in
homozygotes but SC disease is a clinically significant such as having sporadic
episodes of musculoskeletal (joint) pain (54, 83). Persons with hemoglobin C disease
with continued hemolysis may produce pigmented gallstones, an unusual type of
gallstone composed of the dark-colored contents of red blood cells (83, 84). The cause
of pigmented gallstones is uncertain. Hemoglobin C comprises of two normal alpha
chains and two variant beta chains in which lysine has replaced glutamic acid at
position 6. This unstable hemoglobin precipitates in red blood cells to form crystals.
These intracellular crystals lead to a decrease in red blood cell deformability and an
increase in the viscosity of the blood (84, 85). The spleen effectively removes these
crystal-containing cells. Much like the mechanism in sickle cell hemoglobin, the
amino acid change in the hemoglobin C molecule impairs malaria growth and

development (86). It reduces parasitemia and confers protection against mild malaria
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attack. Therefore, persons who are heterozygous for Hb C have a survival advantage in
endemic areas. The risk of malaria is lower still in persons who are homozygous for
hemoglobin C (86). Hemoglobin C disease has a prevalence of 0.017% in African
Americans and approximately 0.03 % in Northern Africa (87). The hematological
changes are present of target cells in the peripheral smears, intraerythrocytic crystals
in red blood cells of homozygotes and in the absence of other types of hemoglobin
(54, 83, 84).

Hb Siriraj or Hb G-Siriraj (7 Glu>Lys) was found in a few Thai and
Chinese families(77). In Thailand, it has been reported by S. Tuchinda et al. in 1965
(63) In the heterozygous state has normal hematological parameters, with the amount
of Hb variant of 33-40% (72). The variant has been found in combination with [3-
thalasemia and in homozygote. On HPLC Hb Siriraj is eluted in C window

Hb J-Bangkok (56 Gly>Asp), also known as Hb J-Meinung, Hb J-Korat
and Hb J-Manado, was found in Thai, Indonesian, Black and Chinese families (57,
88). The Hb variant quantity in heterozygote is approximately 40-45 % (73) and has
normal hematological parameters (59). It also found in combination with Hb S (88).

Hb D-Punjab (£121 Glu>Gln), also known as Hb D Los Angeles, is
primarily found in Northern India, especially in Punjab but also wide-spread (89). It is
the fourth most frequently occurring Hb variants world wide (77). The amount of the
variant is approximately 40% in heterozygote (72). It also found with Hb S, Hb C, Hb
E, B-thalassemia, a-thalassemia and in the homozygous state (89). The hematological
parameters are normal in heterozygotes and homozygotes (90).

Hb Hope (5136 Gly>Asp) was found in several Black families, Japanese,
Thai, Loatain and Cuban families (36, 91). The variant amount of 40-50% has been
found in heterozygote with normal hematological values (72, 91). Hb Hope has been
found in combination with Hb S, Hb E, a-thalassemia 2 (3.7-kb deletion) and [3-
thalassemia (36, 42).Hb Hope is only hemoglobin variant eluted in P2 window on

HPLC with the mean percentage of 45.9% (72).



Noppawan Tangbubpha Literature Review /12

3.2.3 Deletion

Gene deletion is a mutation in which a part of a chromosome or a
sequence of DNA is missing. Deletions can be caused by errors in chromosomal
crossover during meiosis. This causes several serious genetic diseases (2). In Thailand,
Hb variant causes by gene deletion is Hb Khon Kaen (£123>125 deletion), which
highly unstable thus cannot be distinguished by HPLC techniques (41).

3.2.4 Insertion and frameshift mutation

Insertion mutation is the addition of one or more nucleotide base pairs into
a DNA sequence. Hb variant found in Thailand such as Hb Pak Nam Pho («131/132
insertion) contains the additional 34 amino acids (49, 92). This Hb disorder, resulting
in frame shift, gives rise to a highly unstable a-globin chain. This unusual o -globin
variant clearly causes o thalassemia (92). Hb Tak is caused by an insertion and
frameshift mutation of a dinucleotides AC after codon 146 that abolishes the normal
stop codon at position 147. This insertion results in a frameshift causing elongation of
the B-chain by 11 amino acids ((147) Thr-Lys-Leu-Ala-Phe-Leu-Leu-Ser-Asn-Phe-
(157)Tyr-COOH). In heterozygote, the hematological values were normal and have
30-40 % of Hb Tak with normal or slightly high Hb level of 14-17 g/dl (47, 92, 93).
The combination of Hb Tak/Hb E was not expressed as a-thalassemia but a mild
polycythemia (37, 47, 26, 93). Hb Tak found in association with (-thalassemia is
characteristically polycythemic or cyanotic condition such as congenital cyanotic heart
disease which may be explained by the high oxygen affinity of the mutant hemoglobin
(47, 93).

3.2.5 &-B hybrid chain

An abnormal hemoglobin named Hb Lepore is resulted from a crossover
between 0 and B-globin gene loci (30, 33). Hb Lepore has a normal alpha chain
combined with a non alpha chain that consists of the N-terminal residue of the delta
chain fused with the C-terminal residue of the beta chain. Many different varieties of
Hb Lepore have been described in which the transition from delta to beta amino acid

sequences occurs at different points (56, 94, 95). Essentially the Lepore non-alpha
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chain is a delta-beta fusion chain. Hb Lepore consists of 3 variants characterized by 3
different 6-to-B sequence transitions at the fusion junction (56, 94). Hb Lepore-
Boston-Washington (§'*'p*!'%1%%) is the most common Hb Lepore type (56).
Heterozygotes and homozygotes contain about 7-20 % of Hb variant with mild
anemia, microcytosis, and hypochromia as in B'-thalassemia (30, 33, 56) but
Homozygotes state had severe anemia (95). Hb Lepore had elution peak in the A,
window and the characteristic hump on the downward slope of the elution peak on

HPLC and migrated in zone 6 on CZE, respectively (72, 94, 95).
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3.3 Laboratory Diagnosis for Hb Variants

3.3.1 Hemoglobin typing

3.3.1.1 High Performance Liquid Chromatography (HPLC)

Automated HPLC analyzer, especially the Variant II, B-
thalassemia short program (Bio-Rad, USA) has been widely used in Thailand for
laboratory diagnosis of thalassemia and hemoglobin variants (73, 101-107). The
samples are injected into the analysis stream. The separation principle based on the
cation-exchange chromatography (73, 105). The cartridge consists of a phosphate ion
gradient generated by mixing two buffers of different ionic strengths to elute the
different hemoglobins (101, 106, 107). A dual wavelength filter photometer (415 and
690 nm) monitors the eluent from the cartridge and as it passes through the photometer
cell, changes in optical density at 415 nm are measured. A secondary filter at 690 nm
corrects the effects caused by mixing buffers of different ionic strengths. The data is
processed and reported the chromatogram of time versus absorbance where each Hb is
identified (due to its retention time) in a defined windows and their retention time to
identify each hemoglobin type (Clinical Data Management software, Bio-Rad
Laboratories) (Figure 3.2). For automated Variant [I-HPLC, there are six “window” of
A, F, A, D, S and C (Table 3.2). However the retention time can change with different
lots of columns and reagents on the Variant system (73, 74, 101, 104, 106).
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Table 3.2 Manufacturer-assigned windows for Bio-Rad, Variant II-HPLC system

Peak name Retention time, min
P1 window 0.63-0.85

F window 0.98-1.20

P2 window 1.24-1.40

P3 window 1.40-1.90

Ay window 1.90-3.10

A, window 3.30-3.90

D window 3.30-3.90

S window 3.90-4.30

C window 4.90-5.30

Time (min.)

Figure 3.2 Chromatogram from Variant [I-HPLC, B-thalassemia short program (Bio-
Rad Laboratories, California, USA). Normal Hb typing shows Hb F, A and A, eluted

in F window, A window and A, window, respectively.
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3.3.1.2 Capillary electrophoresis (CE) or Capillary Zone
Electrophoresis (CZE)
The recent technology of hemoglobin identification 1is

automated capillary zone electrophoresis (CZE or CE) (99, 108). With this technique,
charged molecules are separated by their electrophoretic mobility in an alkaline buffer
with a specific pH. Separation also occurs according to the electrolyte pH and electro
osmotic flow (EOF) (13, 109). A sample dilution is prepared with hemolysing solution
and injected by aspiration at the anodic end of the capillary. A high voltage Hb
separation is then performed and direct detection of the hemoglobin is made at 415 nm
at the cathodic end of the capillary. The resulting electrophoregram is evaluated for Hb
fraction and reported by dividing into 15 zones (Table 3.3 and Figure 3.3).

Table 3.3 Identification of zone in electrophroregram of Capillarys 2-CE system
(Sebia Co., Ltd, France) (110)

zone detection position (sec.)
Z 15 0-50
Z14 51-65
Z13 66-75
Z12 76-110
Z11 111-130
Z10 131-140
79 141-155
78 156-170
77 171-194
76 195-210
75 211-220
74 221-235
73 236-250
72 251-260
Z1 261-291
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Figure 3.3 Electrophoregram from CE Capillarys 2-CE (Sebia Co., Ltd, France).

Normal Hb typing shows Hb A, F and A; eluted in zone 9, 7 and 3, respectively.
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3.4 DNA analysis for confirmation of Hb variants

However, by two Hb variants screening methods as HPLC and CE, many
different Hb variants may be co-eluted in the same window on HPLC or the same zone
on CE (108, 109). Thus, the definitive identification of Hb variants can be achieved
only by DNA analysis of globin genes (2, 60).

DNA techniques have been used for definitive identification of Hb variants

point mutation and small deletion detection (2, 12, 31, 111).

3.4.1 Polymerase chain reaction (PCR)

Polymerase Chain Reaction (PCR), invented by Kary B. Mullis, at the
Cetus Corporation, who was awarded the 1993 Nobel Prize in chemistry (112). This
technique allows a small amount of DNA to be amplified in vitro (112). The process is
composed of cycles of the three following steps: perform heat denaturing to separate
double-strand DNA target sequence into single strands, anneal each strand to the
specific primers, and then extend the polymerase chain from the primer termini. Once
there are enough of the DNA target sequences produced, further analysis can be
performed. Gel electrophoresis is commonly done following the PCR to separate
different DNA fragments. Many additional methods can be coupled with gel
electrophoresis and PCR for detection of Hb variants such as direct DNA sequencing,
the amplification refractory mutation system (ARMS-PCR), and single stranded
conformation polymorphism (SSCP) (2, 31,112, 113).

In this research, the definitive identification of Hb variant was carried out
by using multiplex amplification refractory mutation system polymerase chain
reaction (MARMS-PCR) and then some of the positive PCR products were
additionally confirmed by DNA sequencing at the research center of Ramathibodi
hospital.

3.4.2 Multiplex amplification refractory mutation system polymerase
chain reaction (MARMS-PCR)
The amplification refractory mutation system (ARMS-PCR), also known

as allele specific PCR, is used to detect point mutations in the present or absence of
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allele-specific primers (11, 12, 114). Gel electrophoresis is used to separate specific
DNA bands. The Multiplex PCR was first described in 1988 by Chamberlain et al. The
technique based on multiplex-PCR and ARMS which is named as MARMS (115).
Basic principle of the multiplex PCR is a modification of polymerase chain reaction
which enabling simultaneous amplification of many targets of interest in one reaction
by using more than one pair of primers (11, 12, 116). More than one mutation can also
be screened at the same time. Multiplex ARMS-PCR requires stringent optimization of
primer annealing conditions and primer concentration (117). This technique has been
applied to the diagnosis of [-thalassemia mutation in Taiwan and has been used for

diagnosis of Hb variants (118).

3.4.3 Manual and automated DNA sequencing

An enzymatic DNA sequencing technique, known as dideoxynucleotide
sequencing or the Sanger method (119). The use of 2'3'-dideoxynucleotide
triphosphates (ddNTPs) molecules that differ from deoxynucleotides by having a
hydrogen atom attached to the 3' carbon rather than an OH group. These molecules
terminate DNA chain elongation because they cannot form a phosphodiester bond
with the next deoxynucleotide. Double stranded DNA must be converted into single
stranded DNA, by denaturing the double stranded DNA with NaOH, to be used as a
template for in vitro synthesis by DNA polymerase (120). For manual sequencing,
four reactions are set up, one for each of the four dideoxy chain terminators to be used.
In addition, either the primer, used to start the reaction, or one of the normal
deoxynucleotides is labeled with a radioactive atom or a fluorescent tag (120). The
dideoxynucleotide is present at a concentration about 200-fold less than its competing
nucleotide (120). There is therefore a competition between deoxynucleotides and
dideoxynucleotides for incorporation into the growing chain leading to a statistical
representation of lengths of DNA which correspond to the first 200-500 residues
complementary to the template (120). Four separate reactions are run and these are
loaded and their components separated within four separate lanes of a denaturing gel
by electrophoresis. Labeled bands will appear at each location where the
dideoxynucleotide brought that particular elongation reaction to a halt. Thus, the

sequence can be read directly.
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Similarly, an automated DNA sequencer is based on chain termination.
The dideoxynucleosides are labeled with four different fluorescent dyes in a single

tube and then the detection is performed with automated DNA sequencer (121).
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CHAPTER IV
MATERIALS AND METHODS

4.1 Biological samples

4.1.1 Source of sample

Whole blood samples were collected in EDTA anticoagulant from routine
laboratory service of Blood Disease Diagnostic Center, Department of Pathology,
Faculty of Medicine, Ramathibodi Hospital, Mahidol University. The total 59
peripheral blood samples with hemoglobin variants were collected from May 2005 to
January 2009. The study protocol was approved by Committee on Human Rights
Related to Researches Involving Human Subjects, Faculty of Medicine, Ramathibodi

Hospital, Mahidol University (MURA2009/1409)

4.2 Hematological analysis and Hb Identification

Hematological parameters were measured within a day after blood
collection using a Bayer Advial20 (Bayer Diagnostic Division, Tarrytown, NY)
automated blood cell counter. Hb identification was performed using an automated
high performance liquid chromatography (HPLC) (Variant II, Bio-Rad Laboratories,
California, USA) with f-thal short program. An automated Capillary Zone
Electrophoresis (CE or CZE) (Capillarys 2, Sebia Co., Ltd, France) was used in
comparative to the Variant Il HPLC. The results from both methods were analyzed in
combination as a guideline for fu rther identification by multiplex amplification
refractory mutation system polymerase chain reaction (MARMS-PCR). The samples
present an abnormal peak in Hb typing results either on Variant II HPLC or Capillarys
2-CE were further identified by MARMS-PCR and DNA sequencing. The normal Hb
typing shows peaks of Hb F, Hb A, Hb A2 in F-window, A-window and A2-window,
respectively on the Variant II HPLC, while on the Capillarys 2-CE, they migrate in
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zone 7, zone 9 and zone 3, respectively (Figure 4.1). The samples with abnormal peak
(s) were grouped according to the location related to Hb A on Variant Il HPLC (Table
4.1). For group 1, Hb variant was eluted before Hb A on Variant II HPLC. The Hb
variants in this group are possible to be Hb Hope, Hb J-Bangkok and Hb Anantharaj.
Hb variants in group 2 were eluted after Hb A on Variant II HPLC, the Hb variants in
this group are possible to be Hb Lepore, Hb D-Punjab, Hb Tak, Hb Siam, Hb Queens,
Hb Q-Thailand, Hb C and Hb Siriraj. The retention time of abnormal peaks in group 3
were similar to group 2 but the samples were collected from the Middle East

individuals. The Hb variants in this group are possible to be Hb S and Hb D-Punjab.

Table 4.1 Location of Hb variant peaks from Variant Il HPLC and Capillarys 2-CE
and groups of MARMS-PCR primers.

Location of Hb variant Suspected MARMS-PCR
(HPLC) (CZE) Hb variants Primers
P2, P3 window Hb Hope,
Between P2-P3 zone 10, zone 12 | Hb J-Bangkok, Group 1
Hb Anantharaj
Hb Lepore,
A2-window,
Hb D-Punjab, Hb C
D-window, zone2, zones,
) Hb Tak, Hb Siam,
C-window, zone6b, zone7 Group 2
_ Hb Siriraj,
S-window
Hb Queens,
Hb Q-Thailand
S-window, zone 5, zone6, Hb S, Hb D-Punjab

D-window between zone 5-6 | [Middle East] Group 3
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Figure 4.1 The chromatogram and electrophoregram from the Variant Il HPLC (4.1A)
and Capillarys 2-CE (4.1B) showed normal Hb typing. Hb F, Hb A and Hb A2 were
eluted in the F window, A window and A2 window, respectively on the Variant II
HPLC. While Hb A, Hb F and Hb A2 were migrated in zone 9, zone 7 and zone 3,
respectively on the Capillarys 2-CE



Noppawan Tangbubpha Materials and Methods / 26

4.3 DNA preparation

DNA was extracted from blood samples using Maxwell16® blood DNA
purification kit and automated Maxwell16® instrument (Promega Corporation, USA)
following the manufacturer protocol. The prepared DNA was kept in -30°C freezer for

analysis.

4.4 Multiplex-PCR for a-thalassemia

All of the samples were examined for a-thlassemia genes including a-thal
1 deletions; i.e., SEA deletion (-->**), Thai deletion (--""*), FIL deletion (--"""), MED
deletion (--"*P), 20.5 -kb deletion (-a**"), a-thal 2 deletions; i.e., 3.7 -kb deletion
(-a7), 4.2 -kb deletion (-o*?) and non deletion o-thal 2; i.e., Hb CS and Hb PS.

4.5 Design of multiplex amplification refractory mutation system-
polymerase chain reaction (MARMS-PCR) primers for hemoglobin

variants

MARMS-PCR primers were designed for detection of various Hb variants
using Bio Edit version 7.0.5 and Primer Express software (Applied Biosystems). The
genomic sequences of B- and a-globin gene were obtained from the GenBank database
under accession number NG 000007 and NG_000006, respectively. The primers were
synthesized from the BioService Unit of the National Center for Genetic Engineering
and Biotechnology (BIOTECH) and the National Science and Technology
Development Agency (NSTDA), Bangkok, Thailand. Three groups of primers were
arranged according to the location of Hb variants’ peaks present in Hb typing results.
Forward and reverse primers of B-actin sequence were used as an internal control
primers in each group as direct in Table 4.1. Group 1 primers were designed for
detection of 3 Hb variants eluted before Hb A by Variant II HPLC. In this group, the
suspected Hb variants found in Thais are Hb Hope (f136, Gly>Asp) and Hb J-
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Bangkok (56, Gly>Asp), which are the B-chain variants and Hb Anantharaj (a1,
Lys>Gln) which is the a-chain variant. Figure 4.2 shows the locations of primers in
group 1. Group 2 primers were designed for 8 suspected Hb variants eluted after Hb A
by Variant II HPLC. They are possible to be 5 B-chain variants; Hb Lepore (&8
hybrid chain), Hb D-Punjab (f£121, Glu>Gln), Hb Tak (f147(+AC)), Hb C
(p6,Glu>Lys) and Hb Siriraj (#7, Glu>Lys) and 3 a-chain variants; Hb Siam (15,
Gly>Arg), Hb Queens (&34, Leu>Arg) and Hb Q-Thailand (74, Asp>His) The
primers sequences and sizes of PCR products are indicated in Table 4.3. Figure 4.3A
and 4.3 B shows the locations of primers in group 2. Group 3 primers are setting for
Middle East individuals carried Hb variants with the location similar to Group 2. They
are possible to be 2 B-chain variants; Hb S (£6, Glu>Val) and Hb D-Punjab (121,
Glu>Gln). Figure 4.4 shows the locations of the primers in group 3. The primers
sequences and sizes of PCR products are indicated in Table 4.2-4.4.The grouping
criterias depended on the locations of each Hb variant related to Hb A in the Variant II
HPLC chromatogram, the previous reports of the each Hb variant found in Thai or
Middle East population, and the databases from the Variant II HPLC and Capillarys 2-
CE. MARMS-PCR are started from choosing primer sequence which length of 18-24
bp and a GC content of 35-60 % thus having an annealing temperature of 55-58°C or
higher. To calculate the melting point and test to possible primer-primer interaction,

“Primer Express” was used.
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CD56(G>A) CD136(G>A)
B-globin gene I-Banglok Hope
, . a '
L7089:J [1:84 J
94 bp 168 bp
' CD11(A>G)
o-globin gene Anantharaj

\_i7613
285 bp

‘_

Figure 4.2 Locations of group 1 primers including of Hb J-Bangkok and Hb Hope as

the B-chain variants and Hb Anantharaj as a-chain variant.
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C (CD6, G>A)

B - globin gene l Siriraj  (CD7, G>A)

D-Punjab(CD 121, G>C)

l Tak (CD147, +AC)

Rl

217 bp 269 bp

Siam (CD15, G > ()

o-globin gene
Queens (CD34, T>G)

7193] 72015
—> 321 bp

400 bp<—

Q-Thailand (CD74, G>C)

37625 800
62 b
641 bp

72919 J
—>  526bp A

A

B

5 T =

» Hb Lepore deletion 3

Forward —> 1000 bp

AN B

<— Reverse B

Figure 4.3 Locations of group 2 primers including of 5 B-chain variants; Hb C, Hb
Siriraj, Hb D-Punjab, Hb Tak and 3 a-chain variant; Hb Siam, Hb Queens and Hb Q-
Thailand (A) and Hb Lepore (B)
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CDI121 (G>C)

B-Globin CDé6 (SA>T) D-Punjab
70614 71938
215bp 4 321bp

Figure 4.4 Locations of group 3 primers including of 2 B-chain variant; Hb S and Hb
D-Punjab.
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4.6  Establishment of the MARMS-PCR assays for detection of Hb

variants

Due to each primer group can have different requirements, so it is essential
that all aspects of the procedures are optimized, particularly for multiple reactions
where several primer sets are used. The following conditions require optimization in
each group of primers to maximize product yields. The concentration of each primer is
used at 0.2-1 uM and Taq DNA polymerase concentration are usually used at 1-1.5
units. The dNTP is used at the final concentration of 200 uM but some application can
be accomplished using much lower concentration. The MgCl, concentration is used in
the range of 1.5-2 mM. Cycle numbers for amplification are generally used at 30-40
cycles and the annealing temperature is £5 °C from the melting temperature. These
criteria need to be optimized for successful PCR.

The DNA samples were grouped according to the location of Hb variants
in Hb typing results. The samples with Hb variants eluted before Hb A were identified
using group 1| MARMS-PCR protocol. Those eluted after Hb A were identified using
group 2 or group 3 protocols according to their races are Thai or Middle East
individuals, respectively. The wunidentified samples were submitted for DNA

sequencing analysis.

4.6.1 Interpretation of the MARMS-PCR

The assay was considered satisfactory for interpretation when the 751-bp
PCR product of internal control gene was present, the positive controls were positive,
and the negative control showed no amplified product. A band was considered positive

when it was in the expected size range.

4.6.2 Multiplex ARMS-PCR group 1 for detection of Hb variants
eluted before Hb A by Variant HPLC

Group 1 primers were designed for detection of Hb Hope, Hb J-Bangkok
and Hb Anantharaj as shown in Table 4.5 and 4.6.



Noppawan Tangbubpha Materials and Methods / 36

Multiplex ARMS-PCR was performed using Veriti'" 96-Well Thermal
cycler (Applied Biosystems, USA). The PCR reaction was carried out in a 30 pl
reaction mixture of 2.5 ul DNA template, 1x PCR buffer, 1 units Go taq® Flexi DNA
polymerase (Promega Corporation, USA), 0.67 mM MgCl,, 0.2 mM dNTP. Internal
control and Hb variant-specific primers were added to the reaction mixture in the
concentration shown in Table 4.5. The optimal condition used is initial denaturation
for 5 min at 94°C, follow by 30 cycles of 30s at 94°C, 45s at 62°C, 1 min at 72°C and
final extension for 7 min at 72°C.

The amplified products were electrophoresed in 2-3 % agarose gel at 100
V for 35 min and stained with ethidium bromide and visualized with ChemiDoc™
XRS System (Bio-Rad Laboratories Ltd., USA). Then some of the positive PCR

products were additionally confirmed by DNA sequencing.
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Table 4.5 The optimal condition of MARMS-PCR group 1 for detection of Hb
variants eluted before Hb A by Variant Il HPLC

Volume (pl) Final concentration
Sxbuffer 6 1x
25 mM MgCl, 0.8 0.67 mM
1 mM dNTPs 6 0.2 mM
Taq 0.2 1 U
10 uM Primer: Internal control-F 1.4 0.47 uM
Internal control-R 1.4 047 uM
Hb Hope-F 1.6 0.53 uM
Hb Hope-R 1.6 0.53 uM
Hb J-Bangkok-F 0.9 03 uM
Hb J-Bangkok-R 0.9 0.3 uM
Hb Anantharaj-F 0.6 02 uM
Hb Anantharaj-R 0.6 0.2 pM
DNA sample 2.5 0.05 pg
ddH,O 5.5
Total volume 30
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Table 4.6 Protocol of MARMS-PCR group 1 for detection of Hb variants eluted
before Hb A by Variant I HPLC

Protocol temperature time cycle
Initial denaturation 94°C 5 min
denaturation 94°C 30s W
Annealing 62°C 45s r 30 cycles
Extension 72°C 1 min Z
Final extension 72°C 7 min

Separate on 2-3 % agarose gel at 100 V for 35 min.
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4.6.3 Multiplex ARMS-PCR group 2 for detection of Hb variants
eluted after Hb A by Variant 11 HPLC

Group 2 primers were designed for detection of Hb Lepore, Hb Q-
Thailand, Hb Tak, Hb D-Punjab Hb C, Hb Siriraj, Hb Siam and Hb Queens as shown
in Table 4.7 and 4.8.

Multiplex ARMS-PCR was performed using Veriti'™ 96-Well Thermal
cycler (Applied Biosystems, USA). The PCR reaction was carried out in a 30 pl
reaction mixture of 2.5 pl DNA template, 1x PCR buffer, 0.75 units Go taq® Flexi
DNA polymerase (Promega Corporation, USA), 0.67 mM MgCl,, 0.13 mM dNTP.
Internal control and Hb variant-specific primers were added to the reaction mixture in
the concentration shown in Figure 4.6. The optimal condition used is initial
denaturation for 5 min at 94°C, follow by 30 cycles of 30s at 94°C, 45s at 62°C, 1 min
at 72°C and final extension for 7 min at 72°C.

The amplified products were electrophoresed in 2-3 % agarose gel at 100
V for 35 min and stained with ethidium bromide and visualized with ChemiDoc™
XRS System (Bio-Rad Laboratories Ltd., USA). Then some of the positive PCR
products were additionally confirmed by DNA sequencing.
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Table 4.7 The optimal condition of MARMS-PCR group 2 for detection of Hb
variants eluted after Hb A by Variant I HPLC

Volume (pl) Final concentration
Sxbuffer 6 1x
25 mM MgCl, 0.8 0.67 mM
1 mM dNTPs 4 0.13 mM
Taq 0.15 0.75U
10 uM Primer: Hb Lepore-F 3 1 uM
Hb Lepore-R 3 1 uM
Hb Q-Thailand-F 2 0.67 uM
Hb Q-Thailand-R 2 0.67 uM
Hb Tak-F 1.3 0.43 uM
Hb Tak-R 1.3 0.43 uM
Hb D-Punjab-F 1.5 0.5 uM
Hb D-Punjab-R 1.5 0.5 uM
Hb C-F 0.7 0.23 uM
Hb C-R 0.7 0.23 pM
Hb Siriraj-F 0.6 0.23 uM
Hb Siriraj-R 0.6 0.23 uM
Hb Siam-F 0.6 0.23 uM
Hb Siam-R 0.6 0.23 uM
Hb Queens-F 0.6 0.23 uM
Hb Queens-R 0.6 0.23 uM
DNA sample 2.5 0.05 pg
ddH,0 3.5
Total volume 30




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Clinical Pathology) / 41

Table 4.8 Protocol of MARMS-PCR group 2 for detection of Hb variants eluted after

Hb A by Variant Il HPLC

Protocol temperature time cycle
Initial denaturation 94°C 5 min

denaturation 94°C 30s W

Annealing 62°C 45s r 30 cycles
Extension 72°C 1 min Z

Final extension 72°C 7 min

Separate on 2-3 % agarose gel at 100 V for 35 min.
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4.6.4 Multiplex ARMS-PCR group 3 for detection of Hb variants
eluted after Hb A by Variant Il HPLC (Middle East individual)

Group 3 primers were designed for detection of Hb S and Hb D-Punjab as
shown in Table 4.4. The PCR reaction was carried out in a 30 ul reaction mixture of
2.5 ul DNA template, 1x PCR buffer, 1 units Go taq® Flexi DNA polymerase
(Promega Corporation, USA), 0.67 mM MgCl,, 0.2 mM dNTP. Hb variant-specific
primers were added to the reaction mixture in the concentration shown in Table 4.9
and 4.10.

Multiplex ARMS-PCR was performed using thermal cycler (Eppendorf,
Germany) under the following conditions: Denaturation at 94°C for 5 min, followed
by 30 amplification cycles consisting of denaturation at 94°C for 45 sec, primer
annealing at 62°C for 45 sec and followed by extension at 72°C for 1 min, and a final
extension at 72°C for 7 min. After amplification, the amplified products were
electrophoresed in a 2-3 % agarose gel at 100 V for 35 min and stained with ethidium
bromide and visualized with ChemiDoc™ XRS System (Bio-Rad Laboratories Ltd.,
USA). Then some of the positive PCR products were additionally confirmed by DNA
sequencing.

Figure 4.8 is a summarized flowchart of analytical process for detection of

Hb variants in this thesis.
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Table 4.9 The optimal condition of MARMS-PCR group 3 for detection of Hb
variants eluted after Hb A by Variant Il HPLC (Middle East individual)

Volume (pl) Final concentration
Sxbuffer 6 1x
25 mM MgCl, 0.8 0.67 mM
1 nM dNTPs 6 0.2 mM
Taq 0.2 1 U
10 uM Primer: Internal control-F 1.4 0.47 uM
Internal control-R 1.4 0.47 uM
Hb S-F 1 033 uM
Hb S-R 1 0.33 uM
Hb D-Punjab-F 1.4 0.47 uM
Hb D-Punjab-R 1.4 0.47 uM
DNA sample 2.5 0.05 pg
ddH,O 6.95
Total volume 30
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Table 4.10 Protocol of MARMS-PCR group 3 for detection of Hb variants eluted
after Hb A by Variant Il HPLC (Middle East individual)

Protocol temperature time cycle
Initial denaturation 94°C 5 min
denaturation 94°C 30s )
Annealing 62°C 45s r 30 cycles
Extension 72°C 1 min -
Final extension 72°C 7 min

Separate on 2-3 % agarose gel at 100 V for 35 min.




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Clinical Pathology) / 45

EDTA Blood
Samples

Hematological analysis using automated Advia 120
Hb Identification by HPLC (Variant IT) and CE (Capillarys 2)

59 samples of Hb variants

.

DNA preparation

PCR for a-thalassemia MARMS-PCR for Hb variants

Design MARMS-PCR primers

Optimization of MARMS-PCR protocols for 3 groups of primers

.

Identification of Hb variants by MARMS-PCR

Groupl Group 2 Group 3
before A window After A window After A window
(Middle East)
unidentified identified
DNA sequencing Confirmed by
| DNA seqluencing

v

Data analysis

Figure 4.5 Analytical process for detection of Hb variants
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CHAPTER V
RESULTS

The hematological parameters were measured in all whole blood samples
using automated cell counter (Advia 120, Bayer Diagnostic Division, Tarrytown, NY)
and Hb typing was performed using High performance liquid chromatography
(HPLC) (Variant Il, B-thalassemia short program, Bio-Rad Laboratories, California,
USA) and Capillary Zone Electrophoresis (CZE or CE) (Capillarys 2, Sebia Co., Ltd,
France). A total of 59 samples of Hb variants were collected and divided into three
groups according to the results of Hb typing as indicated in the materials and methods.
These Hb variants were identified by three groups of multiplex amplification
refractory mutation system polymerase chain reaction (MARMS-PCR). Each type of

Hb variant and unidentified one was analyzed by DNA sequencing.

5.1 Multiplex ARMS-PCR

Multiplex amplification refractory mutation system polymerase chain
reaction (MARMS-PCR) testing can detect Hb variants by allele specific primers for
PCR reaction. The 3’ terminal nucleotide in the primer is either complementary to the
normal sequence or the mutant sequence at a particular position. MARMS-PCR was
tested on 59 Hb variants samples. We were successfully optimized PCR conditions for
amplifications of twelve Hb variants, which were divided into 3 groups according to
the variants location related to Hb A. Primer concentrations for each mutation were
adjusted in the reaction in such a way that there was no possibility of obtaining false-

positive results.
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5.1.1 MARMS-PCR of Group 1 Hb variants

The primers of MAMRS-PCR groupl were designed for detection of Hb
variants which eluted before Hb A from Variants Il HPLC. These included Hb Hope
(#4136, Gly>Asp), Hb J-Bangkok (56, Gly>Asp) which are the B-chain variants and
Hb Anantharaj (11, Lys>GlIn) which is the a-chain variant. The specific primers for
these variants and internal control were simultaneously amplified in a single tube,
thereby producing the PCR products of 285, 168 and 94 bp for Hb Anantharaj, Hb
Hope and Hb J-Bangkok, respectively and 751 bp for the internal control (Figure 5.1).
Two Hb variants, Hb Hope and Hb J-Bangkok, were found in this study. No sample
was positive for Hb Anantharaj.

In this study, we found Hb Hope in 12 samples, including the cases of
heterozygous Hb Hope, heterozygous Hb Hope/heterozygous a- thalassemia 2 (3.7-kb
deletion), heterozygous Hb Hope/homozygous a-thalassemia 2 (3.7-kb deletion) and
heterozygous Hb Hope/heterozygous o-thalassemia 1 (--SEA deletion). From
retrospectively analyzed the data, Hb Hope was eluted in P2 window on the Variant 11
HPLC and migrated in zone 10 and in between zone 10 and zone 11 on the Capillarys
2-CE (Figure 5.2).

In addition, we found heterozygous Hb J-Bangkok in 3 samples. Hb J-
Bangkok was found eluted at the retention time before A0 window on the Variant 1l
HPLC and migrated in zone 12 on the automated Capillarys 2-CE.

The specific mutations of Hb Hope and Hb J-Bangkok were confirmed by
DNA sequencing method (Figure 5.3).
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Figure 5.1 Agarose gel electrophoresis of amplified PCR products of MARMS-PCR
group 1. Two different Hb variants were amplified from primer specific to mutations.
The 94 bp fragment is Hb J-Bangkok and 168 bp fragment is Hb Hope. The 751 bp
fragment is internal control. Lane 1 and 2 represent the PCR products from the
samples of Hb J-Bangkok and Hb Hope, respectively. Lane 3 is a normal control case.
M is a 100-2500 bp DNA ladder marker (Promega, USA).
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Figure 5.2 Hb identification of Hb Hope and Hb J-Bangkok. (5.2A) and (5.2B) are Hb
Hope detected by the Variant Il HPLC and the Capillarys 2-CE, respectively. Hb Hope
is eluted in P2 window on Variant Il HPLC and migrated in zone 10 and in between
zone 10-11 on the Capillarys 2-CE. (5.2C) and (5.2D) are Hb J-Bangkok detected by
the Variant Il HPLC and the Capillarys 2-CE, respectively. Hb J-Bangkok is eluted
before A0 window and migrated in zone 12 on the Capillarys 2 CE. Each Hb variant

was pointed by an arrow
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Figure 5.3 DNA sequencing of group 1 Hb variants. The cases positive for Hb Hope
and Hb J-Bangkok by MARMS-PCR show G>A mutation at codon 136 for Hb Hope
(5.3A) and G>A mutation at codon 56 for Hb J-Bangkok (5.3B).
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5.1.2 MARMS-PCR of group 2 Hb variants

In group 2 MARMS-PCR, specific primers for 5 $-globin chain variants;
i.e. Hb Lepore, Hb Tak, Hb D-Punjab, Hb C, Hb Siriraj and 3 a.-globin chain variants;
i.e. Hb Siam, Hb Queens, Hb Q-Thailand, were used for a single PCR reaction. The
specific PCR products of Hb Lepore, Hb Queens, Hb Q-Thailand, Hb Siam, Hb Tak,
Hb D-Punjab, Hb Siriraj and Hb C were 1000, 642, 526, 462, 400, 321, 269, 217 bp,
respectively. The internal control of 758 bp produced from forward primer of Hb D-

Punjab and reverse primer of Hb Tak (Figure 5.4)

From 26 samples in this study, we found 5 different Hb variants, 4 samples
for Hb Lepore, 6 samples for Hb Q-Thailand, 7 samples for Hb Tak, 2 samples for Hb
D-Punjab and 7 samples for Hb C. The others Hb variants in this group such as Hb
Queens, Hb Siam and Hb Siriraj were not found in the present study. From
retrospectively analyzed the data, Hb Lepore-Washington-Boston was eluted in A2
window on the Variant Il HPLC and migrated in zone 6 on the Capillarys 2-CE, Hb Q-
Thailand and Hb Tak were eluted in S window and migrated in zone 7, Hb D-Punjab
was eluted in D window and migrated in zone 6, Hb C was eluted in C window and
migrated in zone 2 (Figure 5.5 and 5.6).

The specific mutations of these Hb variants were confirmed by DNA

sequencing method. as shown in Figure 5.7.
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400 bp Hb Tak . 400 bp
300 bp Hb D-Punjab 321 bp
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Figure 5.4 Agarose gel electrophoresis of amplified PCR products of MARMS-PCR
group 2. Eight different Hb variants were amplified from primer specific to mutations.
The PCR product of 1000 bp is Hb Lepore, 526 bp is Hb Q-Thailand, 400 bp is Hb
Tak, 321 bp is Hb D-Punjab and 217 bp is Hb C. The 758 bp fragment is the internal
control produced from forward primers of Hb D-Punjab and reverse primer of Hb Tak.
Lane 1: Hb Lepore; lane 2: Hb Q-Thailand; lane 3: Hb Tak; lane 4: Hb D-Punjab; lane
5: Hb C and lane 6: normal control. M is a 100-2500 bp DNA ladder marker
(Promega, USA).
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Figure 5.5 (5.5A) and (5.5B) are Hb Lepore detected by the Variant Il HPLC and
Capillarys 2-CE, respectively. Hb Lepore is eluted in A2 window on Variant Il HPLC
and migrated in zone 6 on the Capillarys 2-CE. (5.5C) and (5.5D) are Hb Q-Thailand
and Hb Tak detected by the Variant 1l HPLC and the Capillarys 2-CE, respectively.

Hb Q-Thailand and Hb Tak are eluted in S window on Variant Il HPLC and co-
migrated with Hb F in zone 7 on the Capillarys 2-CE.
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Figure 5.6 (5.6A) and (5.6B) are Hb D-Punjab detected by the Variant 11 HPLC and
the Capillarys 2-CE, respectively. Hb D-Punjab is eluted in D window on Variant Il
HPLC and migrated in zone 6 on the Capillarys 2-CE. (5.6C) and (5.6D) are Hb C
detected by the Variant Il HPLC and the Capillarys 2-CE, respectively. Hb C is eluted
in C window by the Variant Il HPLC and migrated in zone 2 on the Capillarys 2-CE.
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Figure 5.7 DNA sequencing of group 2 Hb variants. The cases positive for each
variants by MARMS-PCR show specific mutations. (5.7A) of overlapping of Hb
Lepore-Washington-Boston (38741VS-11-8 hybrid) (shading box), (5.7B) the G>C
mutation at .74 of a-globin gene in the case of Hb Q-Thailand, (5.7C) the addition of
AC at 3146 in the case of Hb Tak, (5.7D) the G>C mutation at $121 in the case of Hb
D-Punjab and (5.7E) the G>A at /%6 of B-globin chain in the case of Hb C.
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5.1.3 MARMS-PCR of group 3 Hb variants

The primers in group 3 were designed for the most common B-globin chain
variants of Middle East individual, Hb S (6, A>T) and Hb D-Punjab (121, G>C)
eluted in S Window and D Window on Variant Il HPLC. The specific PCR products
of Hb S and Hb D-Punjab were 215 and 321 bp, respectively. The internal control
fragment was 751 bp. (Figure5.8).

Hb S was eluted in the S-window on Variant Il HPLC and migrated in
zone 5 on Capillarys 2-CE (Figure 5.9). Hb D-Punjab was eluted in D window on
Variant Il HPLC and migrated in zone 6 on the Capillarys 2-CE (Table 4.1).

The specific mutations of Hb S and Hb D-Punjab were confirmed by DNA
sequencing (Figure 5.7D and 5.10)

M 1 2 3 Bk

2500 bp

1000 bp
900 hp
800 bp
700 bp
600 p
500 bp
400 hp
300 bp
0bp
100 bp

Internal control 751

Hb D-Punjab 321 bp
Hb S 215 bp

Figure 5.8 Agarose gel electrophoresis of amplified PCR products of MARMS-PCR
group 3. Two different Hb variants were amplified from primer specific to mutations.
The PCR product of 321 bp is Hb D-Punjab and 215 bp is Hb S. The 751 bp fragment
is the internal control. Lane 1: Hb S; lane 2: Hb D-Punjab and lane 3: normal control.
M is a 100-2500 bp DNA ladder marker (Promega, USA).
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Figure 5.9 Hb S eluted in S-window on Variant || HPLC (5.9A) and migrated in zone
5 on the Capillarys 2-CE (5.9B).
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|
A>T

Figure 5.10 DNA sequencing of group 3 Hb variants. The cases positive for Hb S by
MARMS-PCR show A>T mutation at 6 in 3-globin gene
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5.2 MARMS-PCR of a-thalassemia

The MARM-PCR of a-thalassemia includ five a-thal 1 deletions (SEA
deletion (--°%), Thai deletion (--""), FIL deletion (--"'"-), MED deletion (--“P), 20.5 -
kb deletion (-a>°), two common a-thal 2 deletions (3.7 -kb deletion (-a>"), 4.2 -kb
deletion (-a*?) and two non deletion a-thal 2 (Hb CS and Hb PS). In MARMS-PCR
group 1 of Hb variant detection we found Hb Hope with various forms of a-globin
genotype including one case of heterozygous Hb Hope/heterozygous a-thalassemia 2
(3.7-kb deletion), two cases of heterozygous Hb Hope/homozygous a-thalassemia 2
(3.7-kb deletion) and two cases of heterozygous Hb Hope/heterozygous a-thalassemia
1 (--SEA deletion). MARMS-PCR group 2 of Hb variant detection revealed one case
of heterozygous Hb Lepore/ heterozygous a-thalassemia 1 (--SEA deletion), five cases
of heterozygous Hb Q-Thailand/heterozygous a-thalassemia 2 (4.2-kb deletion), and
one case of each combination of heterozygous Hb Q-Thailand coexistent with
compound heterozygous a-thalassemia 2 (3.7-kb and 4.2-kb deletion), heterozygous
Hb Tak/heterozygous Hb Constant Spring, heterozygous Hb C/ heterozygous o-
thalassemia 2 (3.7-kb deletion), adult with Hb C/ heterozygous o-thalassemia 1 (--
SEA deletion), new born with heterozygous Hb C/ heterozygous a-thalassemia 1 (--
SEA deletion). In MARMS-PCR group 3 of Hb variant, we found Hb S with various
forms of a-globin genotype including four cases of Hb S/heterozygous a-thalassemia
2 (3.7-kb deletion), five cases of heterozygous Hb S/homozygous o-thalassemia 2
(3.7-kb deletion) and homozygous Hb S coexistent with heterozygous a-thalassemia 2
(3.7-kb deletion). All of these results are summarized in Table 5.1-5.16.
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5.3 Hematological Analysis and Hb Identification

Hematological parameters, Rbc, Hb, Hct, MCV, MCH, MCHC and RDW
were measured by an automated cell counter, Bayer Advia 120 (Bayer Diagnostic
Division, Tarrytown, NY). Among these parameters, MCV and MCH are most
importance ones that can indicate the existence of thalassemia trait, i.e., when
MCV<80 fL and MCH< 27pg. Hematological analysis of Hb Hope coinheritance with
various a-globin genotype are summarized in Table 5.1. All of them were carriers and
showed mild to moderate anemia. From retrospectively analyzed data, Hb Hope was
eluted in P2 window on the Variant Il HPLC ranging between 31.0-48.58 % and
migrated in zone 10 and in between zone 10 and zone 11 on the Capillarys 2-CE
ranging between 31.0-43.61 % with increased Hb A2 values (3.4-4.7 %) (Table 5.2).
Hematological values of heterozygous Hb J-Bangkok were in the normal ranges
(Table 5.3). Hb J-Bangkok eluted at the retention time before A0 window on the
Variant Il HPLC ranging between 41.4-43.6 % and migrated in zone 12 on the
automated Capillarys 2-CE with the amount of 50.6 % (Table 5.4). In the cases of Hb
Lepore-Washington-Boston heterozygote coexistent with heterozygous a-thalassemia
(SEA deletion), they showed normal hematological values and eluted in A2 window
on Variant Il HPLC ranging between 11.1-13.3 % and migrated in zone 6 on
Capillarys 2-CE ranging between 9.4-10.7 %. A case of Hb Lepore-Washington-
Boston /Hb E showed hypochromic microcytic anemia (Table5.5). The variant eluted
in A2 window on Variant Il HPLC with the amount of 37.4 % and increased Hb F
values (28.8 %). It migrated in zone 6 on Capillarys 2-CE with the variant levels of 4.3
%, increased Hb F values (31.3%), and 28.3 % of Hb E (Table 5.6). Hb Q-Thailand
coexistent with heterozygous a-thalassemia 2 (4.2-kb deletion) showed normal
hematological parameters. On Variant Il HPLC, the variant level were 28.5-30.5 % in
S window, however, it co-migrated with Hb F in zone 7 on Capillarys 2-CE in the
level of 28.5-28.6 %. The variant amount increased to 42.4 % in a case of Hb Q-
Thailand coinheritance with 4.2 kb and 3.7 kb a-globin deletions (Table 5.8) and
hematological analysis showed mild anemia (Table5.7). The heterozygous Hb Tak

with various form of a-globin genotypes had hemoglobin higher than 15.0 g/dL
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(Table5.9). In heterozygous Hb Tak, the variant eluted in S window ranging between
33.8-35.7 % on Variant Il HPLC with increased Hb A2 values (3.8-4.7 %) and
increased to 84.5 % in homozygote with increased Hb F (8.6 %)and Hb A2 (6.0 %). In
coinheritance with Hb E, the variant level were 55.0 %, and 59.5 % on Variant Il
HPLC and Capillarys 2-CE, respectively with 33.9-36.6 % Hb E and increased Hb A2
(4.8 %). For Hb Tak coinheritance with Hb CS, the variant amount decreased to
25.9 % with slightly high Hb A2 (Table 5.10). Hb D-Punjab cases showed mild to
moderate anemia (Table 5.11). In heterozygous Hb D-Punjab, it eluted with amount of
36.4-41.1 % in D window on Variant Il HPLC and eluted in zone 6 on Capillarys 2-
CE ranging between 39.1-41.1 %. The variant amount increased to 92.0-94.8% in
homozygous Hb D and 61.4-65.2 % in Hb D-Punjab/Hb E (Table 5.12). Hb C
heterozygote with various a-globin genotype showed mild to moderate anemia except
a new born patient who was also heterozygous for a-thalassemia 1 (SEA deletion)
(Table 5.13). Hb C heterozygotes have the variant level of 31.7-40.6 % in C window
and found 1.0-1.2 % of minor peak in S window on Variant Il HPLC and eluted in
zone 2 on Capillarys 2-CE with similar quantities (Table 5.14). Hb C coexistence with
a-thalassemia showed slightly decreased in the variant amount 25.0-28.0 %.
Hematological analysis of Hb S samples showed mild to moderate anemia except one
case of Hb S homozygote coexistent with heterozygous a-thalassemia 2 (3.7-kb
deletion) that showed normal values (Table 5.15). In Hb S heterozygote, the variant
amount were between 35.2-42.3 % in S window on Variant Il HPLC and in zone 5 on
Capillarys 2-CE The variant amount increased to 62.4 and 75.2 % in homozygous Hb
S and homozygous Hb S coexistent with heterozygous o-thalassemia 2 (3.7 deletion),

respectively (Table 5.16).
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CHAPTER VI
DISCUSSION

Hemoglobinopathies or inherited disorder of hemoglobin could involve
either heme or globin parts of the molecule, which can be classified into two main
groups, abnormal hemoglobin and thalassemia. Thalassemia syndromes are genetic
disorders characterized by a reduced production rate of one or more of the globin
chains of hemoglobin molecule (20). It causes imbalanced globin chain synthesis,
defective hemoglobin production and damage to the red blood cells or their precursors.
These defects lead to hereditary anemia with symptomatic varieties. Thalassemia are
classified into two groups, based on type of deficient globin chain, i.e., a-thalassemia
and B-thalassemia (2, 20). Abnormal hemoglobin is a hemoglobin variant resulting
from the production of the defective globin subunit. The majority of hemoglobin
variants result from the single amino acid substitution in either one of the globin
chains (102). Although the majority of them do not cause clinical problems, the
interaction with other thalassemic genes may potentiate hematological abnormalities
(25, 26). Clinical and laboratory of these Hb variants could be useful for evaluations of
new case and genetic counseling. Laboratory diagnosis of thalassemia and hemoglobin
variants are generally inferred from automated HPLC and the recent technology of
hemoglobin identification is automated capillary zone electrophoresis (CE). Thus, the
definitive identification of hemoglobin variants present in either “window” or “zone”
can be achieved only by DNA analysis or DNA sequencing.

Moreover, previous problems in laboratory for Hb variants diagnosis were
observed in routine techniques such as automated Variant 1l HPLC, there are six
“window” of A, F, S, C, D, and A2/E in which many different hemoglobin variants
may be eluted the same window. In CE method, the peaks of hemoglobin are reported
within 15 zones and each zone may be occupied by several hemoglobin variants. Some
of the carriers of Hb variants had represented hematologic phenotype similar to
normal. The different types of Hb variants diagnosed by HPLC and CE demonstrated
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in the same location of Hb fractions resulting in misdiagnosis. Old specimen caused
the shift of Hb variants from their specific locations. The multiplex AMRS-PCR was
used in this study to overcome those problems and definitely identify the Hb variants.
In previous study, they developed multiplex allele-specific PCR assay for differential
diagnosis of three common B-chain variants; Hb S, Hb D-Punjab and Hb Tak and for
differential diagnosis of a-chain variants; Hb Queens and Hb Siam (62, 65).

To provide a simpler method for diagnosis of these Hb variants, we have
developed and tested a multiplex ARMS-PCR. Our samples were tested by
hematological analysis, Hb identification and PCR analysis for a-thalassemia. We
developed three sets of multiplex AMRS-PCR for differential diagnosis of 12 Hb
variants included either 3 or a-chain mutations.

In this present study, we have investigated 7 Hb variants in Thai
population and 2 variants in the Middle East individuals.

The variants eluted before Hb A on Variant 1l HPLC were identified to be
Hb Hope and Hb J-Bangkok. Hb Hope is a common hemoglobin variant found in
Thailand (31, 66, 90, 99). The GGT>GAT conversion leads to a substitution of
aspartate to glycine at codon 136 of the B-globin gene. The previous and our study
found Hb Hope located in P2 window on Variant Il HPLC as same as glycated
hemoglobin which is increased higher more than in diabetes with a percentage of > 40
% (72, 122). Hb Hope migrated in zone 10 on the Capillarys 2-CE which similar to the
previous reported (99). The separation of Hb Hope was correlated to the database of
each methods (72, 90, 96, 110). In old specimens, we found the shift of the peak
(between zone 10-11 on the Capillarys 2-ZE). The hematological data of Hb Hope
heterozygote was normal. The association of Hb Hope and heterozygous o-
thalassemia 2 (3.7 -deletion) present with microcytic anemia with Hb 9.4 g/dL, Hct
33.1 %, MCV 62.5 fL similar to previous report in black women (123). However, the
previous report in 2 Thai patients found they were generally healthy (42). Differences
in these finding may therefore be due to some other alteration in health status or small
number of case in experiment. Hb J-Bangkok heterozygote was not associated with
disease which similar to the previous report (31, 57). Hb J-Bangkok is eluted before A
window on Variant Il HPLC and migrated in zone 12 on the Capillarys 2-CE which
similar to the previous study and the database of each methods (97, 99, 110).
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Some Hb variants eluted after Hb A revealed co-elution with difference
variant on the Variant Il HPLC such as Hb Q-Thailand and Hb Tak. They were
migrated in the zone 7 with Hb F on the Capillarys 2. The electrophoregram of both
Hb Q-Thailand and Hb Tak may be similar to homozygous B-thalassemia and HPFH
performed by Capillarys 2-CE method. Thus, in this case we suggests to use the DNA
analysis for idetification. The amount of these two variants in heterozygotes were
approximately 30-36 % when detected by both HPLC and CE methods, except in the
cases of homozygotes and coinheritance of a-thalassemia or Hb E. We reported the
increasing amount of the variant in homozygous Hb Tak (84.5 %), Hb Tak/HbE (55—
57 %), and Hb Q-Thailand with 4.2 kb and 3.7 kb deletions (42.4 %) (47). Hb Lepore
could be misdiagnosed on Variant |1 HPLC methods (94, 95, 101-103, 108) resulting
from co-elution with Hb A2 but could be detect on the Capillarys 2- CE by elution in
zone 6.By the Capillarys 2-CE Hb Lepore and Hb D-Punjab were co-eluted in the
same area (zone 6). However, we could differentiate them by the amount of each
variant, 4.3-10.4 % for Hb Lepore and approximately 40.0 % for Hb D-Punjab.

For hematological features, heterozygous state of Hb variants were not
shown actually symptoms but in homozygous or association with thalassemia could be
result in thalassemia intermedia with abnormalities of hematological parameters i.e.,
severe hypochromic microcytic anemia. From this study, we found Hb variants
causing some clinical significances including Hb Lepore, Hb Tak, Hb D-Punjab, Hb C
and Hb S (24, 30, 37, 47, 54, 56, 83, 90, 93, 124-126). Hb Lepore-Washington—
Boston showed hypochromic microcytic red cells which similar to the previous study
(30, 56, 95). Hb Lepore—-Washington—Boston coexistent with heterozygous Hb E
revealed hematological parameters and hemoglobin fraction parameters similar to
those in B-thalassemia/Hb E. Thus, the identification in this case suggests the
population screening or family studies. Hb Tak was shown symptomatic
polycythemia, promotes the oxygenation leading to high oxygen affinity. Hb Tak in
various combinations showed hemoglobin higher than 15.0 g/dL (31, 37, 47, 62, 90,
93). Hb D-Punjab showed clinical silence in the heterozygous state, but moderate
anemia in Hb D-Punjab homozygote and Hb D-Punjab/Hb E compound heterozygote
same as the previous documents (89, 90). Hb C showed mild anemia with MCV<80 fL
and MCH< 27.0 pg.
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In addition, the results from the Middle East samples also found Hb S and
Hb D-Punjab. Hb S can cause clinical significance in homozygous or compound
heterozygous states with other hemoglobinopathies and thalassemia. One case of Hb S
homozygote coexistent with heterozygous o-thalassemia 2 (3.7-kb deletion)
demonstrated normal hematological parameters contrast to other reports (14, 24, 29,
127). In major genotypes Hb S/S, Hb S/C, and less common genotypes, Hb S/D-
Punjab and Hb S/Lepore, they produced a sickling phenotype; i.e., severity of disease
varied (20, 24, 29, 127).

The identification of Hb variants can be summarized as shown in Figure
6.1. However, this multiplex ARMS-PCR still has limitation on the diagnosis of
heterozygosity and homozygosity of each mutation. The result of DNA analysis is
usually interpreted with Hb analysis data, and the presence or absence of Hb A to

provide a definite diagnosis
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CHAPTER VII
CONCLUSION

In conclusion, DNA analysis is important for identification of Hb variants
because the screening by HPLC and CZE found many different Hb variants co-eluted
in the same window (on HPLC) or the same zone (on CZE). The multiplex AMRS-
PCR is required for definitive identification in addition to routine Hb typing which is
only a presumptive diagnosis. This thesis demonstrates the successful development of
multiplex ARMS-PCR for common Hb variants in Thailand. The assay would greatly
facilitate, less expensive, safer and additionally, this technique should prove useful in

complementing routine Hb variant diagnosis in the region.
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1. Materials

1.1 Instruments and laboratory supplies for MARMS-PCR

- Bench-top microcentrifuge (Denville 260D)
- Horizontal gel electrophoresis (Mupid, Japan)
- ChemiDoc™ XRS System (Bio-Rad Laboratories Ltd., USA)
- Veriti ™ 96-Well Thermal cycler (Applied Biosystems, USA)
- Automated DNA preparation Maxwell®16
(Promega Corporation, USA)
- Microwave (Sharp, Japan)
- Glassware (Pyrex, USA)
- Freezer (-20°C) (Mirage)
- Freezer (-30°C) (Sanyo, Japan)
- Refrigerator (4°C) (Sanyo, Japan)
- 1.5 ml and 0.5 ml Microcentrifuge tube (Treff, Switzerland)
- 1x8 Cap Strips, 0.2 mL (Corning Incorporated, USA)
- 1x8 Tube Strips, 0.2 mL (Corning Incorporated, USA)
- Automatic pipette, P2/10/20/100/200/1000ul
(Gilson, France)
- Pipette tip 2-10 pl, white (Gilson)
- Pipette tip 20-200 pl, yellow (Coster)
- Pipette tip 1000 pl, blue (Treff)

1.2 Reagents for DNA isolation
- The Maxwell® 16 Blood DNA Purification Kit
(Promega Corporation, USA)

1.3 Reagents for multiplex ARMS-PCR

- Go taq® Flexi DNA polymerase (Promega Corporation, USA)
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- Oligonucleotide primers (Bioservice unit, National Science
And Technology Development Agency (NSTDA), Thailand)

- 5X PCR buffer provide with Go taq® Flexi DNA polymerase
(Promega Corporation, USA)

- 25 mM MgCl;

- Deoxynucleotide triphosphate: 1mM each of dATP, dTTP,
dCTP, dGTP

- Deionized water

1.4 Reagents for agarose gel electrophoresis

- 10X TBE buffer:
60.5 g Tris base 30.85 g Boric acid, 7.445 g EDTA

- 1X TBE buffer:
100 ml 10X TBE buffer, 900 ml distill water
(Mix 10X TBE buffer with distill water, store at room
temperature)

- Gel loading dye solution:
0.1 g Bromophenol blue, 0.1g Xylene cyanol, 50 ml Glycerol,
50 ml 1X TBE
Filter through Whatman paper#1, store at 4°C

- Gel marker: contain linear double stranded DNA bands of
2000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200,
100 base pairs (Promega, USA)

- Aagarose gel (Sigma, USA)

- Ethidium bromide (Promega, USA)
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