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Interactions of Hb Q-Thailand with various hemoglobinopathies:
molecular and hemoglobin analysis
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tives

To describe the molecular characteristics and hemoglobin profiles associated with
iemia  syndromes caused by interactions of Hb Q-Thailand with various
ilobinopathies in Thai patients encountered at our laboratory.

s

itudy was conducted on 39 unrelated Thai individuals with abnormal Hb resembling
Thailand observed on our routine Hb analysis using automated HPLC and capillary
iphoresis systems. Hematological analysis was performed using automated blood cell
1s. The a@ ™14 mutation and the linked (-a*?) deletion were identified by a multiplex
specific PCR assay.

s

fig. I demonstrated results of PCR analysis of the Hb Q-T mutation [t74(EF3) Asp-
1d the linked (-o*?) which was confirmed in all cases and ten genotypes were observed
e groups. The first group included 16 Hb Q-T heterozygotes, | compound Hb Q-T/a*-
emia (-o>7), 2 Hb Q-T/CS discase, 4 Hb Q-T/H diseasc and | homozygous Hb Q-T. In
oup, the average levels of Hb Q-T were 29.2%, 34.7%. 49.2-49.3%, 77.8% and 82.3%,
¥ely. In the second group, Hb Q-T was found in association with Hb E [B26(BY)Glu-
7 double heterozygotes for Hb Q-T/Hb E, 2 Hb Q-T/o -thalassemia (-o* )b E
zygote, 3 heterozygous Hb Q-T/homzygous Hb E and 1 b Q-T/CS/homozygous Hb
ddition to the Hb E (a’\g[jr'z) and Hb Q-T ((XQzBAz) fractions, a small peak with slower
on time was clearly observed in the two former genotypes, most likely the Hb QE
d from the (a%B",) tetrameric assembly. The remaining two cases of the third group
und to be a double heterozygote for Hb Q-T/f’thalassemia. The levels of Hb Q-T
2, Hb Az (a":8;) and b Q-A; (0®:8:) were 13.8-16.6%, 4.9-5.3% and 1-2.6%.
lively.
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Fig.l A representative agarose gel
electrophoresis  of  the  multiplex
allele-specific PCR. M : 2 Hind 111
Pl < 1520 by («'?) Size markers, lanc l l:md 4: normal,
lanc 2 and 5: positive for Hb Q-

Thailand and lanc 3: positive for
4.2
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Interactions of Hb Q-Thailand with various hemoglobinopathies: molecular and
hemoglobin analysis

Sanita Singsanan'?, Goonnapa Fucharoen', Supan Fucharoen', Supawadee Yamsri'?, Kanokwan
Sanchaisuriya', Nattaya Suc-ung'

'Centre for Research and Development of Medical Diagnostic Laboratory, Faculty of Associated Medical Sciences,

*The Graduate School, Khon Kaen University, Khon Kaen, Thailand

ABSTRACT

To describe the molecular characteristics and hemoglobin profiles associated with thalassemia
syndromes caused by interactions of Hb Q-Thailand with various hemoglobinopathies in Thai
patients encountered at our laboratory. The study was conducted on 56 unrelated Thai individuals
with abnormal Hb resembling Hb Q-Thailand observed on our routine Hb analysis using automated
HPLC and capillary electrophoresis systems. Hematological analysis was performed using
automated blood cell counters. The @™ mutation and the linked (-o*?) deletion were identified
by a multiplex allele specific PCR assay. The molecular diagnosis of the Hb Q-T mutation
[«74(EF3) Asp-His] and the linked (-o*?) was confirmed in all cases and ten genotypes were
observed in three groups. The first group included 28 Hb Q-T heterozygotes, 1 compound Hb Q-
T/ -thalassemia (-0*"), 2 Hb Q-T/CS discase, 6 Hb Q-T/H disease and 1 homozygous Hb Q-T. In
this group, the average levels of Hb Q-T were 29.8%, 34.7%, 49.2-49.3%, 79.4% and 82.3%,
repectively. In the second group, Hb Q-T was found in association with Hb E [1" 26(B8)GluLys]; 9
double heterozygotes for Hb Q-T/Hb E, 3 Hb Q-T/C"-thalassemia (- *N)Hb E heterozygote, 3
heterozygous Hb Q-T/homzygous Hb E and 1 Hb Q-T/CS/homozygous Hb E. In addition to the Hb
E (0% "v}En) and Hb Q-T (119,11%,) fractions, a small peak with slower retention time was clearly
observed in the two former genotypes, most likely the Hb QE resulted from the (0%0E)
tetrameric assembly. The remaining two cases of the third group was found to be a double
heterozygote for Hb Q-T/! 1°_thalassemia. The levels of Hb Q-T (1% 0% ), Hb A+ (1*111,) and Hb
Q-A-, (0%0,) were 13.8-16.6%, 4.9-53% and 1-2.6%, respectively. Hb Q-T may not be
uncommon in Thailand and probably in other Southeast Asian countries as previously noted.
Interaction of this Hb Q-T with other forms of thalassemia and hemoglobinopathies is common and
could lead to complex thalassemia syndromes with various phenotypic features. Accurate diagnosis
of these syndromes is essential for providing appropriate genetic counseling which requires both
hematologic and molecular analyses.
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Hb hope related disorders in Thailand: origin, interactions with various
hemoglobinopathies and diagnostic aspects

amta Singsanan'?, Goonnapa Fucharoen?, Supan Fucharoen®

Z e Graduate School, *Centre for Research and Development of Medical Diagnostic
ratories, Faculty of Associated Medical Sciences, Khon Kaen University, Khon

n, Thailand 40002

%ﬁ\’)’ducﬁon: Hemoglobin (Hb) Hope [$136(H14)Gly->Asp] is mildly unstable B-globin chain variant
ly described in an African-American family and has been found in many cthnic backgrounds.
ves 1 To describe the molecular und hematological profiles associated with syndromes caused by
actions of this variant with various hemoglobinopathies in Thai patients.
alts: Nine different genotypes were observed which were classified into 4 groups. Group I included 25
ope heterozygotes with relatively normal hematological features and an average level of 42.2 % Hb
Group 11 included those with Hb Hope and a-thalassemia including 1 double heterozygous Hb
sa-thalassemia 2, | Hb Hope/Hb Constant Spring, 3 Hb Hopea-thalassemia | and | Hb HopesHb H
he average levels of Hb Hope were 48.5 %, 43.1 %, 14.3-29.6 % and 21.6 %, respectively. Minute
of Hb Bart’s but not Hb H was obscrved in a patient with b Hope/Hb H-disease. Group I
ded two compound Hb Hopefp'-thalassemia, 1 Hb Hope”-thalassemiwe-thal ia 2 and | Hb
halassemiax-thalassemia 1. In this group, the average levels of Hb Hope were 90.1 %, 73.1 % and
, respectively. Hb A; was elevated in all cases. Group IV included 6 compound Hb HopeHb E
ozygotes with the average levels of 66.1 % Hb Hope and 27.8 % Hb E. Haplotype analysis demonstrated
all these Thai ™™ genes were associated with the same haplotype, (+ - - - - + +), indicating likely a
origin of this variant in Thai population,
iscussion and Conclusion: Although Hb Hope is identified on both HPLC and capillary electrophoresis
clinically innocuous, differentiation from those of clinically relevant Hb variants would require DNA-
d diagnostics.

eywords: Hb Hope, Hemoglobinophathics, PCR
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[873(E17)Asp—Asn] AND A DELETIONAL «-THALASSEMIA-1
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0 A pregnant Thai woman with mild hypochromic microcytic anemia caused by o- and 3- globin
defects is described. The proband was a 26-year-old pregnant woman discovered through our ongoing
thalassemia screening program. Inttial hemogloben (Hb) high performance liqued chromatography
(HPLC) analysts vevealed a homozygosity for an wiknown variant at the D window, inconsistent
with vesulls of family analyses. Frather Hb analysis wsing avtomated capillary zone electrophoresis
identified that the proband was in fac a compound heterozygote for Hb 1 [326(B8)Glu— Lys,
GAG>AAG] and another 3 chain variant. DNA analysis demonstrated that she cavvied the Hb
Korle-Bu mutation [373(F17)Asp-sAsn (GAT>AAT)] in brans o the Hb E and an a-thalassemia-1
(-thal-1) with the Southeast Asian (= =) deletion. Family studies identified theat her father and
sister were double hetevozygotes for Hb Korle-Bu and a-thal-1, whereas her mother was a double het-
evozygote for Hb ko/Hb Constant Spring [HE CS: o 142, Torm— Gln (TAA>CAA 100 2)]. The genolype
plienotype velationship observed in this Thai family with complex emoglobinopathies and methods
[or charactevization are presenfed. :

Keywords Hb E. Hb Korle-Bu, o-Thalassemia (o-thal)

Thalassemia and hemoglobinopathies are the most common genetic disor-
ders in Southeast Asia. In Thailand, for example, the frequency of a-thalassemia
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(a-thal) reaches 20-30% and that of #thal varies bewween 3-9%. The aver-
age prevalence of Hb I trait is estimated at 25-30% but exceeding 50% in
some minority groups of northeast Thailand, and that of [Ih Constant
Spring [Hb CS: o142, Term—Gln (TAASCAA in a2)] is 1-8%. Other
abnormal Hbs caused by both o and 4 chain variants are occasionally
reported (1.2). In these areas, cases with complex phenotypes caused by the
interaction ol muations affecting both o- and +globin genes, requiring
multiple methods for accurate diagnosis are not uncommon (5-6). Using a
combination of hemoglobin (Hb) high performance liquid chromatog-
raphy (HPLC) analysis, capillary zone electrophoresis and DNA analysis, we
describe here a hitherto undescribed condition found in a pregnant Thai
woman carrying Hb E [326(B8)Glu—Lys. GAG>AAG]. Hb Korle-Bu
[473(E1T)Asp—Asn (GAT>AAT)] (7) and a deletional a-thal-1. [ematologic
data of the patient was compared with those of her father and her sister
who carried Hb Korle-Bu and o-thal-1 but not Hb E, and the mother who
was a double heterozygote for Hb E and b CS as well as another pregnant
Thai woman with Hb E, Hb Korle-Bu and a-thal-2 whom we described in an
carlier report (8).

Ethical approval for the study protocol was obtained from our Institu-
tional Review Board (iRB) at Khon Kaen University (ITE481115) and informed
consent was obtained. The proband was a 26-vear-old pregnant woman who
presented atour ongoing thalassemia sereening program at the Health Pro-
moting Centre Region 8, Nakornsawan, Thailand, with mild hypochromic
microcytic anemia. She had positive results with both osmotic fragility and
dichlorophenolindophenol (DCIP) tests, a combined screening test for
thalassemia and hemoglobinopathies generally used in the prevention and
control program of thalassemia in Thailand (9,10).

Blood specimens [rom her family members including the father,
mother and older sister were also available for testing. As shown in Table 1,
the proband had the following values: Hb 10.83 ¢/dL, PCY 0.298 L/L. MCV
661 {1, MCH 22.8 pg, MCIHC 34.6 g/dL and RDW 14.9%. G-6-'D deficiency
and iron deficiency were excluded. Peripheral blood film examination showed
slight anisocytosis and hypochromic red cells with target cells. [Hemoglobin
analysis using automated HPLC (VARIANT™; Bio-Rad Laboratories,
Hercules, CA, USA) revealed no Hb A but a single peak of an abnormal Hb
at the D window with the amount of 88.2% (Figure 1). She was therefore
initially diagnosed as a homozygous Hb D-Punjab [ 5121 (GH4)Glu—Gln,
CAASCAA] or Hb Tak [ 3147 (+AC) ], the two variants commonly found in
Thai population or other 4 chain variants (11,12).

Inconsistencies with this diagnosis were a positive result obtained with «a
DCIP tese for Hb E sereening and a resule of faunily analysis which identified
the same variant only in the father but not in the mother. In additon. a
negative result with a multiplex allelesspecific polvinerase chain reaction
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FIGURE 1 Hemoglobin analyses of the proband and her father wsing awtoniated HPLC and capillay
zone clectrophoresis. The separating profiles of T A, Th Eand T Korle-Bu are indicated.

(PCR) for Hb D-Punjab, b Tak and Hb S [J6(A%) Glu—Val, GAG>GTG]
mutations was obtained (13). Further Hb analyses of the proband using
capillary zone electrophoresis (Capillarys 2: Sebia, Lisses. France), however,
clearly demonstrated Hb Ay (3.6%), Hb E (16.4%) and an abnormal Hb
(80.0%) migrating scparately between Hb A and Hb E (Figure 1). This Hb
analysis svstem can report Hb Ay in the presence of Hb E. This abnormal
Hb (45.9%) and Hb Ay (2.2%) were also observed in addition to the Hb A
(51.9%) in her father, whereas her mother was found to be a heterozygous
Hb E. As with her facher, this Hb analysis identified thac her sister was het-
erozvgous for the same variant. As shown in Table 1, the proband and her
mother had relatively lower Hb E levels (16.4 and 23.5%, respectively)
when compared o those described for Hb E heterozygotes, the data indi-
cating a possibility of co-inheritance of a-thal (14). Therefore, a-globin
genotyping by PCR (15=17) was carried out for all family members. With
this analvsis, we identified the Southeast Asian deletional o-thal-1 i the
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proband, her father and her sister but not in her mother who was found 1o
carry the Hb €S mutation.

Further DNA analvsis using allelesspecilic 'CR for abnormal Hbs found
in Thailand identified thae the Hb vartant segregating in this family was Fh
Korle-Bu caused by the G>A mutation at codon 73 of the #-globin gene that
leads to a substituton of asparagine lor aspartic acid (8). In the present
family, as expecied, the Hb Korle-Bu muation was identified in the
proband, her father and her sister but notin her mother (Figure 2). There-
fore. with these analvses we were able to conclude that the proband carvied
b E, Hb Korle-Bu and a-thal-1, whereas her father and her sister had Hb
Korle-Bu and o-thal-1, both of which are novel conditions. Her mother was
a double hewerozvgote for Hb E and Hb CS. In Table 1. the hematological
parameters of the proband and her family members were compared with

Codon 73: GAT—AAT
Hb Korle-Bu

FIGURE 2 Identbication of the T Korle-Bu mutanon by allelesspecitic PCRC The locations and orienta-
tioms of primers G390 and SHand the size of amplified inguents are depicted. The 578 bp fragment gene
crated from the ™ lobin gene promoter is an inteenal conteal fragment. whereas the 91 by fraziment
Fodebghecitic fragment (80, ML Hosd T size markers: Tanes 1

and 20 normal and positive controls Tor Th Korle-Bu: lines 5=6: the father, the mother, tie sister and

derived from primers G349 aned SHis the

the proband, vespectively,
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those of another pregnant Thai woman with Hb E/ID Korle-Bu/a-thal-2
(8.7 kb deletion) described previously (8). As shown in Table 1, the proband
with b E/Ib Korle-Bu/a-thal-1 clearly had more pronounced hypochromic
microcytic anemia with the lower proportion of Hb E (16.4%). It is also
noteworthy that in the proband the level of Hb Korle-Bu (80.0%) is much
greater than that of Hb E (16.4%). This likely indicates that as the availability
ol o chain is decreased in a-thal-1, the formation of Hb Korle-Bu is favored
over the formation of Hb I (18).

Hb Korle-Bu is a non pathological .3 chain variant found in the people
of several countries of West Africa, Guadeloupe, Mexico, Ivory Coast, Spain
and the rural district of Jamaica (19). In Southeast Asia, Hb Korle-Bu has
only been reported in Thailand and Lao People’s Democratic Republic
where it has been observed associated to a single fglobin gene haplotype,
- + =+ + — 4] (8,20). As shown in Table 1, we found that the same . +globin
haplotype was associated with the RoteBu iy the family studied here. All
these Thai and Laotian families with Hb Korle-Bu are unrelated and appear
to have no historical link with Africa. Although the #-globin haplotype for
the African P has not been reported, our data indicates the same origin
for this mutation in the Southeast Asian population.

Even though a heterozygous form of this Hb variantis clinically asymp-
tomatic, compound heterozygous states with other hemoglobinopathies
and thalassemias can cause serious conditions. It is therefore important o
distinguish this Hb variant from other common carriers with less or no clin-
ical significance. Interaction of TIb Korle-Bu with Hb € [46(A3) Glu—Lys,
GAG>AAG] can cause moderate chronic hemolytic anemia with accelera-
tion of crystal formation (21.22).

Association of Hb Korle-Bu with Hb E and o-thal-2 resulted in a mild
anemia. We report for the first time the association of this Hb variant with
other common hemoglobinopathies in Southeast Asia; the Hb E and a-thal-1
(SEA deletion) in a pregnant Thai woman. As shown in this study, the
proband presented with moderate hypochromic microcytosis with reduced
MCV and MCH and Hb levels. Her father and sister having double heterozy-
gosities for Hb Korle-Bu and a deletional a-thal-1 presented with milder hypo-
chromic microcytosis with reduced MCV and MCH and Hb levels (Table 1).
Ier mother, a double heterozygote for Hb L and Hb CS presented with
normochromic normocytosis. Dilferential diagnoses of these globin gene
interactions are therefore important for providing appropriate genetic
counseling for the patient and family members.

Diagnosis of Hb Korle-Bu may be problematic in a routine investigation
when found in association with other hemoglobinopathies as shown in the
presented case. Hb Korle-Bu is not separated from Hb E and Hb Ay on
HPLC analysis, although we have found that the capillary electrophoresis
system could help in this separation (Figure 1). However, the final diagnosis
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ol the case was only possible after DNA analysis. Our study furither confirms
that for geographical arcas where both thalassemias and hemoglobinopa-
thies are prevalent such as Southeast Asia, complex thalassemia syndromes
may result from the interaction of mutations atlecting both a- and #globin
genes loct with a spectrum of clinical manifestations. Icis therefore impor-
tant to understand and distinguish these gene-gene interactions o be able
to provide appropriate genetic counseling. The use of combined methods
including HPLC, capillary electrophoresis and DNA analvsis, should prove
useful in a diagnosis of hemoglobinopathies in those parts of the region
where thalassemias and abnormal Hbs ace prevalent.
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We describe the molecular and hematological profiles of thalassemia syndromes caused by interactions of
hemoglobin (Hb) Q- Thailand [«a74{EF3} Asp-His| and various hemaoglobinopathies found in 52 unrelated
adult Thai subjects, Ten genotypes including several previously undescribed conditions were observed,

«Coromunicacad by D Nachats, Mib which were classified into 4 groups. Group | included 26 Hb Q-Thailand heterozygotes and a hemozygotous
¢ y .} . MO,
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Hb Q-H disease
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subject. Group 1) included subjects with Hb Q Thajland and ather « thalassemia alleles in trans including |
compound Hb Q- Thailand/ce * thalassemia { - <71, 2 Hb Q Thailand /Hb Constant Spring disease and 6 Hb
H/Q-Thailand disease. The average levels of Hb Q Thailand were found to be 29.8% 82,31, 34.7%, 492 48,33
and 79.4%, respectively. Both Hbs Bart's and H were observed in addition to Hb Q- Thailand in all 6 cases
with Hb Q-H disease but not in a homozygous Hb Q- Fhailand. Group 1l included 7 double heterozygotes for
Hb Q-Thailand/Hb E, 3 Hb Q-Thailand/Hb Erec’ thalassemia {~«'7y, 3 hewrozvgous HY Q- Thailand

homazygous Hb E and | triple heterozygote for Hb Q- thailand’ Hb Constant Spring/Hb E. in this group. Hbs £
(a2 Q- Thailand (a933%) and QE (a2 were observed on both HPLC and capillary electiophoresis.
Ihe Hb Q. rather than Hb Q-Thailand. was detected in all 3 cases with heterozygous Hb Q-Thailand and
homozygous HY E. The remaining two cases in group 4 were double heterozygotes for Hb Q- Thailand and 1+°

thalassemia in which Hb Q-Thailand, elevated Hb A, (ac*you). and Hb QA (o™ i) were detected. DNA
analysis identified the Hb Q-Thailand mutation {a74: GAC-CAC) and the linked - «'?) in all cases. Analysis
ol cc-glabin gene haplotype provided the first evidence of a single origin of this Hb variant in Thai population.

4 2010 Elsevier Inc. All rights reserved.

Introduction

Thalassemia and hemoglobinopathies are very common in
Thailand and other Asian countries, In addition to the two most
common hemoglobin (Hb) variants, Hb E [(526{B8 }: Glu-Lys| and Hb
Constant Spring {oaTerm: TAA-CAA). other abnormal Hbs caused by
both a-chain and Pi-chain variants have been reported [T} Among
those variants, Hb Q-Thailand, [ 74{EF3} Asp-His| caused by a point
mutation at codon 74 {GAC-CAC) ol the al-globin gene on chromo-
some 16p with a leftward single ce-globin gene deletion { — a*2), has
occasionally been documented, mostly in the heterozygous state or in
association with «®~thalassemia. Heterozygous Hb Q-Thailand usually
shows slight red blood cell microcytosis because of the linked { ot
« *-thalassemia allele. Co-inheritance with «®-thalassemia leads to a
clinical phenotype of the Hb Q-11 discase with clinical features
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similar to the deletional Hb H disease [2-5]. In contrast. interactions
of Hb Q-Thailand with other hemoglobinopathies are relatively rare.
Association of Hb Q-Thailand with Hb E has been described only
in Singaporean and Thar families {671 whereas the Hb QEFBart’s
disease has been documented 1 a Chinese patient with the
thalassemia intermedia phenotype |8} Interaction of the o fhadand
and the {3°-globin chains in the patients could lead to the formation of
the Hb QE with different analytical characteristics with that of Hb Q-
Thailand. Therefore, association of the Hb Q-Thailand with other
globin gene disorders has important implications in clinical manifes-
tation, laboratory diagnosis and genetic counseling. In addition.
although Hb Q-Thailand has been tound in various populations, data
on its origin aind spread remains to be elucidated.

In this paper we described molecular characteristics and hemato-
logical profiles ol syndromes caused by interactions ol Hb Q-Thailand
with several hemoglobinopathies in 52 unrelated Thar patients,
including as many as 10 different genotypes, the largest series reparted
to date. Analytical characteristics on bath HPLC and capilary electro-
phoresis. molecular and hematological features, as well as a-globin
gene haplotype assaciated with this Hb variant are presented.
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Materials and methods
Subjects and hematological unalysis

Ethical approval of the study protocol was obtined from our
Institutional Review Board (IRB) at Khon Kaen University {HE481115)
and informed consent was obtained. Blood anticoagulated with
EDTA was obtained from 52 unrelated adult Thai individuals with Hb
Q-Thailand who were selectively recruited from our ongoing thalasse-
mia screening program at the Centre for Reseaich and Development of
Medical Diagnostic Laboratories, Faculty of Associated Medical Sciences,
Khon Kaen University, Khon Kaen, Thailand. Hematological parameters
were obtained using a standard automated blood cetl counter {Coulter
Gen St Coulter Electronics, Hialeah, FL USAJL Hb analysis was performed
using automated HY-HPLC analyzer ! Variant™; Bio-Rad Laboratories,
Hercules, CA, USA; and automated capiliary zone electiophoresis
{Capillarys 2: Sebia, Lisses, France] [9).

DNA and ce-globin gene haplotype analyses

Genomic DNA was prepared from blood leukocytes of the patients
using the standard method. Detection of Hb Q-Thailand mutation and
the linked 4.2 kb deletion o -thalassemia was carried out using a
multiplex .:lltlc -specific PCR as described previously | 7). 1dentifica-
tions of the a®-thalassemia (SEA and THAI deletions), « “-thalassemia
(3.7 and 42 kb deletions). Hb Constant Spring and Hb Paksé were
rouunely performed in our laboratory using PCR methods described
elsewhere [10-12]. The p* and [-thalassemia mutations were
identified using allele-specific PCR assays [13.14]. Analysis of a-globin
gene haplotype including 7 polymorphic sites, 5'C2 Xbo 1, interd Bgl 1,
nterd HVR triallelic region, dracd Ace 1 o2 Rsa L oel Pst Tand 01 Pst ]
sites. was carried out using PCR and restriction digestions as described
J15].

Resuldts

We divided 52 Thai subjects with Hb Q-Thailand mto 4 groups
according to genotypes. DNA analysis by multiplex PCR identified the
Hb Q-Thailand mutation {«74: GAC-CAC) and the linked 4.2 kb
deletion « -thalassemia {—«*?) in all cases {Fig. 1}. Twenty six
subjects with heterozygous {~ @ /ace) and a homozygous (o'

@ Hb Q-Thailand were presented in group | where as those with
interactions with other thalasseniia genes including o« -thalagsemia
oo, o -thalassemia (<A Hb Constant Spring {a“ e, b E {12
and 8 ~thal.\sscm:.\ 1K)

W) were categorized into groups -1V, Tema-
tological phenotypes of these subjects are presented i Tablke 1. As
shown in the table, heterozygous and homozygous Hb Q-Thailand
{Group I} hadvery mild hypochromic microcytic anemia. The Jevels of
b F were within the normal ranfc in all cases. In heterozygotes. the
level of Hb Q-Thailand (a?23%2) was at 29.8 £ 80% and b A:
(oefa,) was within normal range (2.6 £ 1.0%). In contrast, a major
peak of Hb Q-Thailand {82.3%; was observed ina homozygous subject
and no Hb A, was detected as the patient had no o globin chain. We
observed no Hb H {J35) and Hb Bart's {3} in this case. It was found
that on HPLC analysis, Hb Q-Thailand and its derivative, the Hb QA
{5053, were not distinetly separated {1z, 2A ) but they were clearly
identified on the capillary electrophoresis system (Fig. 2D3.

Among the 9 subjects in group L with interactions of Hb Q-Thailand
and other we-thalassemias, the most common was the teraction
with o’-thalassemia (SEA deletion), causing the Hb Q-1 discase
(a5 which was found in 6 subjects. The patients had mild
1o moderate hypochromic microcytic anemia, characteristics of
Hb H disease. Hb analysis showed a major peak of Hb Q-Thailand
(794 £ 8.3%) in addition to HL H and Bart’s. As shown in Table 1, this
Hb Q-U disease appeared to have a similar hematological phenotype
with that of the deletional Hb H disease commonly encountered in our
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routine practice [11]. OFthe 3 remaining cases in this group. two were
double heterozygotes Tor Hb Q-Thailand and Hb Constant Spring
(o oo and | was a double heterozygote for Hb Q-Thailand and
o -thalassenua o' o®73 Al of them had mild hypachromic
microeytic anemia but no Hb Hand Hb Bart's was detected. The levels of
Hb Q-Thailand were found to be 49.2% and 49.3% in the former and
34.7% i the latter genotypes, respectively.

Group H included those with Hb Q-Thailand found in association
with Hb E in various combinations inc Iudmf, 7 double heterozygotes
for Hb Q-Thailand Hb E{  o®'/ e, |3 .3 double Hb Q-Thailand
Hb E and ¢ -thalassemia { o7 o7 1557131 3 homozygous 1ib
EAHD Q-Thailand { - o rceee, p "3 and a h()mn/ye(m\ b E with
compound Hh Q-Thailand Hb Constant Spring { - a“ oo, pph it
In this group. i addition w Fb E fo®)% 0 and Hb Q-Thailand
(a3 fractions, a small peak of the Hb QF resulted from the
(a0 tetrameric assembly with slower separation times was
observed on both HPLC and capillary electrophoresis (Fig 2B and £},
However, as shown in the ligures, capitlary electiophoresis provided
better separation of the Hb Q-Thatland and its Hb QE derivative. As
expected, this Hb QE rather than b Q-Thaland was detected inall 3
homozygous HL L HD Q-Thailand and a homozygous b E with
compound Hb Q-Thailand /Hb Constant Spring since all these patients
had no P*-globin chain, required for the formation of Hi Q-Thailand.

The remaining two cases in group IV were found to be double
heterozygotes for Hb Q-Thailand and (3%-thalassemia. DNA analysis of
P-globin gene identified the 4 bp deletions between codons 4174210
both cases, the most common 3-thalassemia mutation in our
region J16] In these cases, HD analysis demonstrated, in addition to
b Q-Thailand and elevated Hb Ay (o5}, 105 and 2.6% of the Hb
QA derivative {o",a,) was observed {Fig 7( 3. tis noteworthy that
chagnosis of [-thalassemia in these two ¢ases was not altered due to
the co-inheritance of Hb Q-Thailand. as Hb Ay levels {49% and 5.3%;
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Hemarological parameters and globin genotypes of the Hb Q-Thailand related disorders Percentage of Hbs Az /£ F, QI and QE were based oo HPLC analyzer. #Hb QA was recorded on
the capillary electrephoresis. Values are presented as mean 4 SU. range or a5 raw data where appropriate.

Gr. Genotype (n) Rbe (x T0™/13 Wb (g/dl} Het (%) MOVl MCH (pg} MCHC (g/d) ROW (%) HbAYE(¥) HbQT % HbQE (¥ HbQA; (&)
i~ aa{26) 52406 1284617 382450 749469 248206 336216 144224 26210 298580 None None
0077 9T (1) 55 128 0.0 722 231 320 154 None 823 Nose None
a9 o (1) 15 9.7 30 70.0 222 3.0 157 Nome 347 Nowe Nune
oo (2) 43,46 97,99 205316 641 K9S 214,232 307336 153,159 15.20 49, Note Nose
Q¥ A () 1405 BO£12 282£23 702436 197545 204216 238218 None 784583  None < Lo
o o-aaa (R4 53404 126423 382475 183447 2. MAxtA 197516 191243 67218  Neae
o o (34PN 49-67 375466 62.0-60.0 33.4-36.0 123-155 9.1-156 208-337 80-11.1  None
o foo {33 B/ E 58409 379£46 661230 & 329505 1559206 754243  None 144207 Nope
~o@oSa (Y 58S 3.6 6.2 35 15.2 M8 None 50.1 Nose
V- aa 2PN 48,46 100,110 313,316 653,680 309,320 156,153 19,53 138, 166 None 10,26

were still higher than normal. Other hematological parameters were

as usually observed for a [>-thalassemia carrier.

Table 2 demonstrated the a-globin gene haplotypes associated with
normal a-globin gene, Hb Q-Thailand and the (- o*?) a-thalassemia
determinants in Thai population. Among 52 subjects studied, complete

30%

20%

10%

A

segregation could be obtained from 14 Hb Q-Thailand alleles. All of them

are associated with a single haplotype; (4 -~ $40 - ). As shown

C

Hb A

it the table, this haplotype is exactly the same with that of the 4 {—a*4}
a-thalassemia determinant and is one of the common haplotypes
observed for normal ce-globin genes in Thai population.
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Fig. 2. Representative Hb analysis demonstrating Hb Q-Thailand vanane using automated HPLC A, 8 and C) and capiiary clectrophoresis (D and £ A and D, #ib Q-Thatland
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Discussion

Hb Q-Thailand is among rare examples of o-globin chain
structural variant alleles that are localized to the chromosome that
also contains an a-thalassemia determinant, It has only been
reported in China and Southeast Asian countries, mostly as hetero-
zygotes or compound heterozygotes with 0"-tlulassmnu.causing Hb
Q-H disease [2-5). Interactions with other hemoglobinopathies have
been rarely documented in this region |6-8]. We have studied 52
unrelated Thai subjects with this Hb variant, the largest series
described to date of this relatively uncommon but clinically
important disorder. The heterozygous form of Hb Q-Thailand does
not have clinical symptom and is associated with only slight
hypochromic microcytosis. Although no homozygous form has been
documented so far for comparison of the hematological phenotype,
homozygous Hb Q-Thailand is also a mild condition associated with
only slight hypochromic microcytosis and does not lead to
clinical signs of Hb H disease. Most of the Hb observed in this case
was Hb Q-Thailand {82.3%) (Table 1). This finding likely indicates that
despite a structural change of the Hb molecule, Hb Q-Thailand has
similar functional properties to that of normal Hb A. It is noteworthy
as for other ae-globin chain variants that at least two Hb derivatives
should be observed for individuals with this Hb variant i.c. the Hb
Q-Thailand {a@,$3%) and the Hb QA; («¥36;) derivative, Both
HPLC and capillaty electrophoresis systems could demonstrate
these although we noted that the latter provides better separation
of these two Hb molecules (Fig. 2A and D).

Double heterozygote for Hb Q-Thailand and o -thalassemia
(—a®/~a*} or Hb Constant Spring {—a?"7a ) had similar
phenotypic features with that of the homozygous Hb Q-Thailand or
homozygous « * ~thalassemia, although with apparently more ane-
mia. As for the homozygous form, these combinations do not lead to
the Hb H disease. The affected individuals are clinically normal,
have minimal anemia and reduced MCV and MCH. The levels of Hb
Q-Thailand for the {~ a®"/ - a®u) genotype was much higher than
that of the { - a®'/~ «*’} genotype (49.2% and 49.3% versus 34.7%),
the data indicating a lower proportion of Hb A for the former
genotype. Hb Constant Spring is an elongated and unstable a-globin
variant resulted from a termination codon mutation of an a2-globin
gene| 7], This om0 myeation results in loss of approximately
98% of expression from the mutated oe2-globin gene [18], Hb A is
synthesized alternatively from o1-globin gene. There are three -
globin gene defects incuding o', ~ o*2 and oMt Spanz e he
(a7 a) genotype and o2, ~a*? and o’ for the { -~ a®'/
~a*7) genotype. Only one a-globin gene remains ie. the hybrid
«2al-globin gene {duc to the 3.7 kb deletion) in the (~ a7 «*?)
genotype and anintact acl-globin gene in the { - a®"/a%a) genotype.
Our finding indirectly confirms that much Hb A is produced from the
hybrid a2a1-globin gene as compared to the intact el -globin gene.

In contrast, association of the Hb Q-Thailand with «®-thalassemia
{75 in 6 Thai subjects in group Il resulted in the clinically

fable 2

a-Globin gese haplotypes assaciated with @ TWIN b o bccpmia {42 kb deleting! and nor.
indicate the presence and absence of each polymiry

associated with cach specific haplotype. + and
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important Hb Q-H disease with thalassemia intermedia phenotype.
The hematological findings of these 6 cases were indistinguishable
from those of the classical deletional Hb H disease in our records [11],
except that the major Hb molecule detected in the 6 cases was the Hb
Q-Thailand (79.4 .:8.3%) instead of Hb A, the remaining being Hb
Bart’s and Hb H. Interaction of Hb Q-Thailand with o®thalassemia
leads to three o globin gene deletion, so that only «@-globin chain is
synthesized. Since we abserved no Hb A, and minimal levels Hb QA»
in these cases, it is likely that most of the a®-globin cham forms
tetramer with BA-globin chain (®,p%,) resulting in Hb Q-Thailand.
Accordingly, in Hb Q-H discase. we could observe Hb Q-Thailand. Hb
Bact's and 1 H but Hb A is absent. Hb Q-H disease is thought to be
rare in Southeast Asian populations and all cases reported so far have
been Chinese or of Chinese origin |3-6,18]. Identification of 6 Thai
patients in this study indicates that the disease maynot be uncommon
among Southeast Asian population.

Association of Hb Q-Thailand with heterozygous Hb E has been
reported sporadically in Thai. Chinese and Singaporean |6,7,20].
However, as shown in Table 1 group 11, we found as many as 4
genotypes among 14 Thai subjects with this interaction. Two of them,
the Hb Q-Thailand; e -thalassemia/Hb E heterozygote { @'/ o’
pEpA) and the compound heterozygous Hb Q-Thailand/Hb Constant
Spring/homozygous HbE { - a? /oS 3 /13%) have not been described
before. As shown in Table 1, we abserved similar phenotypic features of
these two novel genotypes with the 3 cases of Hb Q-Thailand trait/
homozygous HO E { -« cxce, 5%} reported in this study and that of
a pregriant woman with the same genotype reported previously |71,
These complex interactions between Hb Q-Thailand, Hb Constant
Spring, o -thalassemia and Hb E are associated with mild clinical
phenotypes and do not lead to complex «fs-thalassemia syndromes
known as the AEBart’s, EFBart's and Constant Spring EEBart’s discases
occasionally encountered among Thai population [11,21,22]. This
could be best explained by the fact that compound heterozygote for
Hb Q-Thailand and o’ -thalassemia {— a7 «>?} or Hb Constant
Spring (- a®/aa; does notresult in the Hb H discase. However, with
these combinations. in addition 1o Hb E, at least 3 other Hb variants
would be expected i.e. Hb G-Thailand and Hb QA, mentioned above and
Hb QE resulted from the (a™,p,} tetrameric assembly. Again, HPLC
analysis could demonstrate only Hb Q-Thailand and Hb QE {Fig. 2B}
whereas all the three variants could be clearly observed on capillary
electrophoresis (Fig. 2E). However, only Hb E and Hb QE were detected
in those with homozygous Hb E. The lower proportions of Hb E in
heterozygote with these complex interactions are not unexpected. We
have demonstrated previously the lower proportions of Hb E in Hb E
heterozygotes with various forms of a-thalassemia {10].

In the last two subjects with double heterozygote for Hb Q-Thailand
and j3-thalassernia, we found similar hematological parameters with
those usually observed for pure B-thalassemia carders with mikl
hypochromic microcytic red cell and slightly reduced hemoglobin
values. Because of the elevated Hb A, Hb analysis could clearly
demonstrate both Hb Q-Thailand and Hb QAs (Fig 2C)L It has been
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noted previously in a Chinese patient that association of Hb Q-Thailand
with 3-thalassemia could result in a normal Hb Ay value and a possible
mis-diagnosis of 3-thalassemia carrier [23). This is not the case for our
Thai patients, the levels of Hb A, were found to be 49% and 5.3%, which
are still within the diagnostic range for a typical [3-thalassemia carrier.
The levels of Hb QA; as measured by capillary electrophoresis were 1.0%
and 2.6%. In fact at routine diagnostic, one should obtain a total Hb
Az level by combining the levels of Hb Az and Hb QA: before
making a diagnosis of a pi-thalassemia carrier. We conclude that
although co-inheritance of a-thalassemia (including Hb Q-Thailand)
with 3-thalassemia carrier may lead to areduction in the level of Hb A,
this does not interfere with the diagnosis of the [-thalassemia carrier.
The same finding has been noted previously in a double heterozygous
o'~thalassemia and A-thalassemia trait (14},

Although HbL Q-Thailand has been described in many Asian
populations, the data on its origin and spread remains to be elucidated.
In this study, we found that a single a-globin gene haplotype, (+ — 5+
0 -}, was associated with all 14 Thai (- @™y gjieles
segregated. [tis the same with that of the a ™ -thalassemia chromosome
{~ %) examined (Table 2). Since all Hb Q-Thailand are observed in
linkage with this a*-thalassemia deletion and no Hb Q-Thailand has
been identified in individ uals with a chromosome containing two intact
a-globin genes, itis most likely that these I‘mkcd abnormalities arose by
point mutation in already existing (o #) chromosome. Although
there are no haplotype studies on the a®™®™ chromosomes in
other populations, our data indicates a unique evolutionary origin of the
@ Maibad by gration in the Thai population. Further investigation on
other populations especially in China would provide additional
information related to the origin and spread of this Hb variant.
Nonetheless, our result demonstzated that Hb Q-Thailand may not be
uncommon as previously thought In fact, interactions of this variant
with other forms of thalassemia and hemoglobinopathies lead to
complex thalassemia syndromes with various phenotypic features. Use
of both hematologic and molecular analyses is essential for providing
accurate diagnosis, appropriate management, and genetic counseling of
the patients.

Acknowledgments

The study was supported by grants to S.F. from Khon Kaen
University and the Office of Higher Education Commission (CHE-RG-
51). Ministry of Education, Thailand. $.S. and R.K. are supported by the
CHE-PhD Scholarship program of the Office of the Higher Education
Commission, Ministry of Education, Thailand.

References

[1] S Pucharces, P. Winichageon, Hemwglchinopathies m Southeast Asia, Hemoglo-
bin 11 {1987} 65-88.

. 146

7 Blood Colls, Molecutes, and Disvases 45 (2610) 216-214

[2] kY. Zeng, S, Fucharoes, S.£ Huang G.P. Redgers, Hb Q-Thailand Ja 74(EF3]
Asp-ailis): genc organization, melecular structiere, and DNA diagnosis, Hemogle-
bin 15 (1992} a81-491.

(3} P Beris, . Huber, P A. Miescher, B, Wilson, A Kutiar, 8.5, Chen, T.H, Huisman, Hb
Q-Thailand-Hb H disease in a Chinese living in Geneva, Swirzeriand: chavacter-
ization of the vanant and identification of the two a-thalassemic chromosemes,
Am. | Hematol, 24 {1987} 395-400.

[4] KX Leung ES. Ma AY. Chan, LC Chan, Clinical phenntype of hacmogliobin Q-H
discase, §. Clin, Pathel, 57 (2004 H1-42,

(5] D.U.CLiao, X Xie, . Zhong. ). U, Four cases of Hb Q-1 disease found in Southern
China, Hemegiobin 31 {2007} W8-11 1

(6] JAMA. Tan J5.5). Tay, Y.C. Wong, S.XY. Kham, NBA. Aziz, SH. Teo, 8.8, Wong,
Melecular analysis of Hb Q-H and HbQ-HDb £ in 2 Singaperean family, Seutheast
Asian 1. Trop. Med. Public Health 850 { 19955 415-419.

7] K Sanchaisuriva, S. Chunpanich, S Fucharoen, G. Fucharoes, P. Sanchaisuriya, Y.
Changerakun, Association of Hb (Q-Thailand with homezygous b £ and
heterozygous Hb Constant Spring i pregnancy, Ew. L Haematol 74 (2005;
22¥-227.

(8] W.Zheng Y. Liu, D. Chen, K. Roag, Y. Ge. C Gong, H. Chen, Compiex interaction of
Hb Q-Thailand and #1b £ with ee*-thalassemia and hereditaty persistence of fetal
hemegiebin ina Chinese family, Ann. Hematol. 89 (9] {(2010] 883-838.

9] H. Sriverakun, G. ¥ucharoen, N Sae-ung, K. Sanchaisuriya 1. Racanasin, S
Fucharoen, Analysis of feal bioed using capiilary electropheresis system: a simple
method for preaatal diagnesis of severe thalassemia diseases, Ew. L Haematol, 83

[10} K Sanchaisuriya. (. Fucharoen, N. Sac-ung, A. fetsrisuparh. S, Fucharoen, (2003}
Molecular and hematsi features of by bin £ heterozygotes with different
forms of a-thalassernia in Thailand, Ann. Hematol, 82 (2004 612-6 1.

[11} S Boonsa, K. Sanchaisuriva, G. fucharoen. S Wiangnon, A Jetsrisuparh, S
fuchareen, Ine dverse molecuiar basis and hematelogic features of Hb H and
AEBart's discases ia nostheast Thailand, Acta Haematol. 131 {2004 149-134,

[12] N. Sae-ung, G. hucharcen, X. Sanchasariya, S, buchareen, a-thalassemia and
refated disorders in northeast Thatand: 2 molecelar and hesmavological
characwerization, Acta Haemawwi. 117 (2007 78-82.

[13] S fucharoen, G Fucharoen, T. Ratanasini, A Jetssisuparp. Y Fukumaks, A simple
non-radioactive assay for b dobinn E gene in pre is, Cln. Chim.
Acta 229 {1994 197-203

[14] N. Sinvatmanawong, G Fucharoen, K. Sanchaisuriva, T, Ratanasis, S. Pucharoen,
Rapid and simultanceus detection of B-thalassemis and o-thalassensiy 1 {SEA
type) in prenatal diagnosis of complex thalassemnia syndrome, Clin Biochem. 34
{2001 ; 377-380.

[15} S Singsanan, G. Fucharoen, 0. Savengsy, K. Sanchaisuriya, S. Fucharoen. Molecular
cranacterization and origins of Hb Constant Spring and Hb Paksé in Southeast
Aslan populations, Ann. Hematol 86 {2007} 665-669.

[16] L Numtakarn, S. Fucharoen, G. fuchareen, K. Sanchaisuriya, A letsrisuparb, S
Wiangnon, Molecular, hematelogicai and dlinical aspects of thalassemia major
and thalassemia intermedia associated with Hb E-jl-thalassemia i northeast
Thatland, Bloed Cells Moi. Dis, 42 {2009} 32-35.

[17] SL Schrier, A Bunyaratvej, A. Khuhapinant, S. hx‘nrom M. Alijsrt, LM, Sayder,
CR. Ketfer, L Ma, N Mobhandas, The of Censtant
Spring red biend cells, Blood 89 { I‘HI‘ 1762-1768.

[18] SA.Licbaber, £ Russed, Exprossion and developmental contro! of the human o
globin gene cluster, Ann. NY. Acad. Sci. 85C { 1998} 54-63.

[19] M. Uin LR Wu, LY. Yang, Hb Q-H disease: two cases i a Cantosese family, Bicod
Cells Mol Dis. 41 12008 259-260.

[20] D.LLC Liae, L Li X Xie 1. Zbong, Association of b Q-Thailand with heterozygous
b £ in a Chinese patient, Hemoglobin 32 {2008} 319-321.

[21] S Fucharoen. P. Winichagoon, N. Sirithanaratkul, J. Chowthaworn, £, Peotrakul «

And [\ tmmsemx.\ i Thailand, Asn. NY. Amd Sci. 850 ’l‘)')S* 412-4!4

mni cular and nc'mwmg‘m .mmyu. B‘wd Lc st U s x'; {2
123} C Liae, 114 0. LU Association of -thatassemia and Hb Q-Thastand resuiting in 2
nermal Hb A, value, Hemogiobin 32 (2008} 505-508.



Original Paper

Acﬁamata/ogba

Acta Haematol 2010;124:115-119
DOI: 10.1159/000318015

147

Recelved: May 3, 2010
Accepted after revision: June 21, 2010
Published online: August 26, 2010

Secondary Erythrocytosis Caused
by Hemoglobin Tak/(5)°-Thalassemia

Syndrome

Nattaphol Prakobkaew?®® Sanita Singsanan®® Goonnapa Fucharoen®

Satja Surapot® Supan Fucharoen®

*Biomedical Science Program, Graduate School, and ®Centre for Research and Development of Medical
Diagnostic Laboratories, Faculty of Associated Medical Sciences, Khon'Kaen University, Khon Kaen, and
“Maharaj Nakorn Si Thammaraj Hospital, Nakorn Si Thammaraj, Thailand

Key Words
Hemoglobin Tak - Homozygous hemoglobin Tak -
Secondary erythrocytosis - (33)%-Thalassemia

Abstract
Secondary erythrocytosis may arise from several causes, but
an association with oxygen transport is rare. We describe for
the first time a form of secondary erythrocytosis caused by
compound heterozygosity for hemoglobin (Hb) Tak and
(3B)°-thalassemia found in an adult Thai individual. The pa-
tient had marked erythrocytosis and microcytosis with in-
creased Hb and hematocrit values. Hb analyses using the Hb
Gold Analyzer showed Hb A; (72.5%) and Hb F (30.0%) with-
out Hb A while the capillary electrophoresis revealed 2.3%
Hb A, and a major peak of Hb F (91.2%). Further molecular
investigation identified that he was in fact a compound het-
erozygote for Hb Tak and deletional (3)%-thalassemia. He-
matological parameters of the patient were compared with
those observed for a Thai boy who demonstrated features of
erythrocytosis and microcytosis caused by homozygous Hb
Tak with a*-thalassemia and with those of pure carriers of Hb
Tak and (8B)%-thalassemia in our series. This report confirms
the importance of both Hb and molecular investigations for
the assessment of genotype/phenotype correlation and the
appropriate management of the patients.

Copyright © 2010 S. Karger AG, Basel

Introduction

Erythrocytosis encompasses a number of disorders
characterized by increased circulating red blood cells
(RBCs) which can be classified into primary, secondary
and relative erythrocytosis. Secondary erythrocytosis
may arise from several causes including inappropriate
erythropoietin production, renal tumors and other kid-
ney diseases, but association with defective oxygen trans-
port is rare and usually caused by abnormal hemoglobins
(Hbs) with increased oxygen affinity. Most patients with
this condition were in essentially good health but had
higher than normal RBC and Hb levels in the blood [1).

Hb Tak [B147 Term—Thr] is an abnormal Hb caused
by the insertion of dinucleotide AC after codon 146, a
termination codon of the B-globin gene, leading to a syn-
thesis of the abnormal -globin chain with an extended
11-amino-acid residue. It is one of the most commonly
encountered Hb variants in Thailand and other South-
east Asian countries [2-4]. In addition to a B-thalasse-
mic-like defect, Hb Tak has an increased oxygen affinity
[5]. Although clinically asymptomatic in heterozygous
form, homozygote or inheritance together with other he-
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moglobinopathies can result in significant clinical condi-
tions including secondary erythrocytosis [6-8]. 8-Thal-
assemia is a heterogeneous disorder characterized by in-
creased production of Hb F in adultlife. In heterozygotes,
Hb F levels usually range from 5 to 15%, and RBC indices
are reduced. Individuals with this disorder exhibit mild
clinical symptoms compared with those with typical
f-thalassemia, due to the beneficial effect of Hb F on
RBC production and survival [9]. In Thailand, it is the
most common form of high Hb F found in the population
which results from a 12.5-kb DNA deletion removing
f3- and 8-globin genes. Interactions of (5)°-thalassemia
with other thalassemias and hemoglobinopathies occa-
siorally found in the Thai population are usually associ-
ated with thalassemia intermedia phenotypes [10, 11).
We report an adult Thai patient with a phenotype of
secondary erythrocytosis and microcytosis caused by
a hitherto undescribed coinheritance of Hb Tak and
(8B)°-thalassemia. Hematological data of the patient
were compared with those of a Thai boy with features
of erythrocytosis caused by homozygous Hb Tak and
«'-thalassemia and with those of Hb Tak carriers and
(3B)"-thalassemia carriers in our series.

Materials and Methods

Subjects

The patient was a 48-year-old man who was essentially in good
health but was plethoric in appearance and had markedly elevat-
ed RBC and Hb levels. Since initial Hb analysis revealed an un-
known abnormal Hb with an elevated Hb F level, a blood speci-
men was sent to Khon Kaen University for further analysis. The
second case was a 12-year-old Thai boy with a similar erythrocy-
tosis phenotype encountered at our center. Physical examination
revealed unremarkable change but plethora and recurrent head-
aches. Routine complete blood count showed an elevated RBC
count and Hb level. Hb analysis revealed an unknown Hb variant
without Hb A. Therefore, molecular investigation was performed.
Additional subjects with Hb Tak and (8)°-thalassemia were
from our earlier reports [11, 12) and selectively recruited from our
ongoing thalassemia screening program at our center. Ethical ap-
proval of the study protocol was obtained from the institutional
review board of Khon Kaen University (HE481115).

Hematological and DNA Analyses

Hematological parameters were obtained using a standard au-
tomated blood cell counter (Coulter T series; Beckman-Coulter
Co,, Hialeah, Fla., USA). Hb analysis was performed using an au-
tomated Hb-low pressure liquid chromatography (LPLC) analyz-
er (Hb Gold; Drew Scientific, Ltd., Barrow-in-Furness, UK) and
automated capillary zone electrophoresis (Capillarys 2; Sebia,
Lisses, France) [13]. Identifications of the o’-thalassemia (SEA
and THAI deletions), o*-thalassemia (3.7- and 4.2-kb deletions),
Hb Constant Spring and Hb Paksé mutations were routinely per-

116 Acta Haematol 2010;124:115-119

148

T T
ol Twol
idmak KU)W M ,%J’
(5 Mnkooun 46 it 1
{Z Fitndoa 104 ETR ':[
e R .o, 0 [
13 Ooknown 179 21 Il
(4 Unknam 200 4.8 ‘l’
N [ 1
{5y Kidow 260 TS ik
4 1
'
i tigh A, ¢ttt 17 ey t
R T i 1
i NEYE P T T ooy P
B 4%, 206 330 403 ¢ frga = 1151 Hagalime = 16648

Hb A,
5

0 20 40 60 80 100 120 i40 160 180 200 220 240 260 280 300

Fig. 1. Hb analysis of the proband demonstrating the Hb Tak vari-
ant coeluted with Hb A at the A, window on the automated LPLC
analyzer (a) but comigrating with Hb F on the capillary electro-
phoresis system (b).

formedin our laboratory using PCR methods described elsewhere
[14, 15]. Identification of Hb Tak mutation and screening for com-
mon high Hb F determinants in Thailand including (58)°-thalas-
semia, ©y(Ay5B)%-thalassemia and hereditary persistence of fetal
Hb were performed using multiplex PCR assays as described pre-
viously (11, 12]. Confirmation of the homozygosity for Hb Tak
was done by family analysis and direct DNA sequencing.

Result

The patient had no family history of blood disorder.
He was essentially in good health but was plethoric in ap-
pearance. As shown in table 1, he had marked erythrocy-
tosis and microcytosis with RBCs 8.7 x 10'%/1, Hb 19.5
g/dl, hematocrit (Hct) 59.2%, mean corpuscular volume
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Fig. 2. a Agarose el electrophoresis of the multiplex allele-specif-
ic PCR analysis for identification of Hb Tak, Hb Sand Hb D-Pun-
jab mutations. Lane 1 = Normal control; lane 2 = Hb § carrier; lane
3 = Hb Tak carrier; lane 4 = Hb D-Punjab carrier; lane 5 = the
proband. M represents the N/HindlII size markers. b Multiplex

PCR analysis for the detection of common high Hb F determi-
nants in Thailand. Lane | = Normal control; lane 2 = HPFH-6
carrier; lane 3 = deletion-inversion Sy(Ay8)%-thalassemia car-
rier; lane 4 = (5B)°-thalassemia carrier; lane 5 = the proband. M
represents the N/Hind111 size markers.

Table 1. Hematological data of the proband with compound Hb Tak/(8B)-thalassemia syndrome compared
with those of a homozygous Hb Tak with heterozygous «'-thalassemia, 7 carriers of Hb Tak and 142 carriers

of (33)"-thalassemia in our series

Parameter Proband (HbTak/ Homozygous Hb Tak  Hb Tak 33%Thalassemia
8B thalassemia) with «*-thalassemia carrier carrier

Patients 1 | 7 142

@ genotype aofoa -7 fan oo oo/ o

3 genotype BTX/(BR)°-thalassemia  BTHR/BT* pTakBA BA/(BR) -thalassemia

RBCs, % 10'%/1 8.7 8.6 55%0.3 49%0.7

Hb, g/d! 19.5 189 145%19 123476

Hct, % 592 604 42.3%59 35.7%4.7

McCv., 1l 68.0 69.5 824%35 75178

MCH, pg 224 21.8 304£35 246122

MCHC, g/dl 329 31.3 348%1.5 3238310

Hb type Aj Tak, F Ay Tak Ag Tak, A Ay F A

kb A, % 2.3 54 35%0.8 22104

Hb F, % 30.0 1.2 <1.0 207%56

Hb Tak, % 61.2 91.9 289+4.8 -

Data are presented as the mean * SD or as raw data where appropriate.
MCHC = Mean corpuscular Hb concentration.

(MCV) 68.0 fl, mean corpuscular Hb (MCH) 22.4 pg and
mean corpuscular Hb concentration 32.9 g/dl. Hb analy-
ses using the LPLC Hb Analyzer (Hb Gold) showed Hb
A, (72.5%) and Hb F (30.0%) without Hb A, whereas cap-
illary electrophoresis revealed 2.3% Hb A, a major peak
of Hb F (91.2%) but no Hb A (fig. 1). These data indicated
that he carried a B-globin chain variant that was coeluted
with Hb A, on liquid chromatography but was comigrat-

Secondary Erythrocytosis in Hb
Tak-Related Disorders

ing with Hb F on capillary electrophoresis and another
high Hb F determinant. DNA analysis using multiplex
PCR for identification of Hb §, D-Punjab and Hb Tak and
multiplex PCR for identifying common high Hb I deter-
minants in Thailand identified the Hb Tak mutation in
trans to the 12.5-kb deletional (8f)°-thalassemia deter-
minant (fig. 2). No common «-thalassemia including
o’-thalassemia (SEA and THAI types), o' -thalassemia
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Fig. 3. Direct DNA sequencing of B-globin gene demonstrating
the homozygosity for an AC insertion at the termination codon
identified in the second patient with homozygous Hb Tak and o*-
thalassemia,

(3.7- and 4.2-kb deletions), oConstant Spring g o Paksé yag
detected. Therefore, he was a compound heterozygote for
Hb Tak/(8B)°-thalassemia, a hitherto undescribed con-
dition.

The hematological data of the patient were compared
with those observed in-a Thai boy with a homozygous Hb
Tak with a*-thalassemia (3.7 kb), another undescribed
condition encountered at our routine setting, and with
those of 7 puré carriers of Hb Tak and 142 carriers of
(3B)°-thalassemia in our series (table 1). We observed a
similar phenotype for this boy with homozygous Hb Tak
and o*-thalassemia. He had marked erythrocytosis and
microcytosis with RBCs 8.6 X 10'/1, Hb 18.9 g/dl, Het
60.4 %, MCV 69.5 fl, MCH 21.8 pg and a mean corpuscu-
lar Hb concentration 31.3 g/dl. Hb analyses demonstrat-
ed a major peak of Hb Tak (91.9 %) and increased Hb A,
(5.4%) but no Hb A. Screening for B-thalassemia muta-
tions commonly found in our region [16, 17] yielded a
negative result. DNA analysis by allele-specific PCR re-
vealed homozygosity for the Hb Tak mutation and a co-
inheritance of the 3.7-kb deletional «*-thalassemia deter-
minant. As expected, further direct DNA sequencing
identified homozygosity for AC insertion at the termina-
tion codon of the B-globin gene (fig. 3). In addition, fam-
ily analysis revealed that his father was a compound Hb
Tak/Hb E whereas his mother was a double heterozygote
for Hb Tak and o*-thalassemia (3.7-kb deletion; data not
shown). Therefore, the patient obtained Hb Tak from his

118 Acta Haematol 2010;124:115-119

father and inherited both Hb Tak and a*-thalassemia
from his mother. Although plethoric in appearance and
with recurrent mild headaches, he was otherwise well
and had normal growth and development. In contrast, all
7 carriers of Hb Tak had RBC and Hb levels within nor-
mal ranges. Hb A, was at borderline level (3.5 * 0.8%)
and no microcytosis was observed. The percentage of Hb
Tak was 28.9 * 4.8%. Carriers of (33)°-thalassemia were
associated with hematologically mild phenotypes. All of
them had high Hb F (20.7 * 5.6%) and normal Hb A,
(2.2 £ 0.4%) levels. Reduced MCV (75.1 * 7.8 fl) and
MCH (24.6 * 2.2 pg) values were noted, but RBCand Hb
levels were within normal ranges.

Discussion

Secondary erythrocytosis associated with thalassemia
and hemoglobinopathies is rare, and among those which
produce erythrocytosis, only moderate degrees of eleva-
tion of Hb and RBC counts have generally been found.
We described 2 forms of this condition caused by interac-
tions of a high oxygen affinity Hb (the Hb Tak) with oth-
er thalassemias in Thai patients. In the first case, second-
ary erythrocytosis was associated with a compound het-
erozygosity for Hb Tak and (5B)°-thalassemia. In the
second case, this was associated with a homozygous Hb
Tak/a*-thalassemia. In both cases, the diseases were as-
sociated with increased RBC mass as reflected by increas-
esin Hb and Hct values. Compound heterozygotes for Hb
Tak/Hb E and Hb Tak/B°-thalassemia and homozygous
Hb Tak have mild erythrocytosis [6-8, 18]. In these cases,
the Hb F levels are in the normal range or marginally
elevated (usually <5%) in compensatory response to 3-
thalassemia alleles. Our 2 cases had secondary erythro-
cytosis combined with reduced RBC indices. As we ob-
served normal MCV and MCH values in all cases of Hb
Tak carriers and reduced MCV and MCH values in (38)"-
thalassemia carriers (table 1), the reduced MCV and
MCH observed in the 2 patients could likely be attributed
to the thalassemia alleles. The raised level of Hb A, (5.4%)
in the Hb Tak homozygote with a*-thalassemia (3.7-kb
deletion) in this report is comparable with a B-thalasse-
mia-like condition. From the hematological data ob-
served for a compound Hb Tak/(58)°-thalassemia syn-
drome with as high as 30.0% Hb F due to the (3B)°-thal-
assemia allele in addition to a high oxygen affinity Hb
Tak (61.2%), it is conceivable that in this case, erythrocy-
tosis might be more pronounced than usual, as Hb F itself
has increased oxygen affinity. Although at the time of in-
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vestigation, this patient was healthy and had no experi-
enced symptoms of headache, dizziness and chest pain
that may result from hyperviscosity of the blood due to
very high RBC numbers, a long-term careful follow-up
and management should be taken into consideration.
Similar phenotypes have been documented for cases with
Hb Crete [B129 (H7) Ala—Pro], another Hb variant with
high oxygen affinity found in Greek descent individuals
(19].

In this study, identification of Thai patients with sec-
ondary erythrocytosis caused by interaction of thalasse-
mia and hemoglobinopathies confirms that for areas
where these genetic disorders are prevalent, atypical cas-
es in addition to the thalassemia syndromes may result
from the interaction of several defects with a spectrum of
clinical and hematological manifestations. Diagnosis of
these diseases may be problematic unless DNA analysis
is performed. As exemplified in figure 1 for the diagnosis
of a compound Hb Tak/(8)°-thalassemia, Hb Tak, Hb

’ 151

A and Hb E are not distinctly separated on the LPLC Hb
Analyzer which could lead to a misdiagnosis of Hb E/B-
thalassemia. On capillary electrophoresis, it comigrates
with Hb F which could alternatively lead to a misdiagno-
sis of B-thalassemia major. Accurate diagnosis of these
clinically relevant hemoglobinopathies using both hema-
tological and DNA analyses provides information neces-
sary for proper clinical management and genetic counsel-
ing of the cases.
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ABSTRACT

A Thai pregnant woman with a- and - hemoglobinopathies is described. Initial Hb
analysis revealed an unknown variant with HPLC elution pattern similar to Hb Hope.
Subsequent DNA-based diagnostics revealed that she was a carrier of Hb Constant Spring,
and a novel f-globin chain variant (B codon 72 AGT—ACT or Ser—Thr) which we named
Hb Phimai. Her hematological findings, and a simple DNA test for differential diagnosis of

Hb Phimai and Hb Hope are presented.

Key words: Hb Phimai, Hb Hope, Hb Constant Spring, Hemoglobinopathies, Multiplex PCR
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