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Original Article
Alteration of hemoglobin (Hb) E and Hb F fraction from

an alpha-thalassemia co-inheritance in Hb E related disorders

Monthira Chan-In', Prissana Charoenpornl, Sawichayaporn Jermnim', Pawanrat Suannum', Siriphat Muangpaz,
Akamon Tapprom', Rawisut Deoisares’ and Peerapon Wong'

'"Thalassemia Research Unit, Hematology Research Center, Faculty of Medicine; “Department of Biology, Faculty

of Science, Naresuan University

Abstract:

Background: Phenotypes of specific hemoglobin (Hb) could be altered by a co-inheritance of alpha thalassemia which
commonly found in the population. Objective: The study aimed to demonstrate phenotypic alteration of each Hb
fraction from an alpha thalassemia co-inheritance in Hb E related disorders. Method: The study was conducted
using blood specimens and records of Hb analysis determined by high-performance liquid chromatography from
a thalassemia prenatal control program at the Thalassemia Research Unit, Naresuan University Hospital between
February 2014 and January 2017. Hb E related disorders were identified comprising 116 Hb E/beta thalassemia
compound heterozygotes, 403 Hb E homozygotes and 332 Hb E heterozygotes. DNA method to detect alpha’-
thalassemia (Southeast Asian and Thai deletion) and alpha‘-thalassemia (-3.7 kb and -4.2 kb deletions) alleles
were determined in all samples using gap-polymerase chain reaction (PCR) and real-time PCR. Fractions of Hb
FE and F were compared between specific Hb E related disorders with different copy numbers of alpha globin
genes. Result: In Hb E/beta thalassemia compound heterozygote, fractions of Hb E substantially increased cor-
related with lesser copy numbers of alpha-globin genes, while fractions of Hb F' changed in the opposite direction.
Fractions of Hb E and Hb F in other Hb E related disorders were significantly affected by an alpha-thalassemia
co-inheritance. Conclusion: Our study demonstrated a pattern of phenotypic alteration of Hb fractions in
specific Hb E related disorders with different copy numbers of alpha globin genes. The misdiagnosis problem could
have occurred in prenatal control for beta-thalassemia, which relies on phenotypic diagnosis using Hb analysis.
Keywords : ® Hemoglobin analysis ® Alpha-thalassemia ® Hemoglobin E

J Hematol Transfus Med. 2019;29:339-45.
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Table 1 Comparison of Hb E and Hb F fraction in various Hb E related disorders with different copy numbers

of alpha-globin gene

ao/ao -o/oo /oo p-value
Compound heterozygous n=8 n=28 n=6
b E/beta-thalassemia Hb E(%) 50.1 (24.6-97.3)  56.1 (45.5-80.4)  78.7 (73.8-85.9) < 0.05*
Hb F(%) 33.9 (7.8-62.5) 21.5 (2.7-50.7) 3.8 (2.0-13.8)
n =283 n=91 n=29
Homozygous Hb E Hb E(%) 78.6 (59.7-90.0) 785 (64.0-86.3)  80.2 (67.0-87.1) 0.760
Hb F(%) 3.3(0.9-14.5) 2.5(0.9-12.9) 3.2 (0.8-7.5) 0.001*
n =50 n =282
Heterozygous Hb E Hb E(%) 26.9 (19.3-31.4) NA 18.1(11.4-29.1) < 0.05%
Hb F(%) 0.7 (0.3-3.8) NA 1.0 (0.4-8.0)

Values demonstrate as median and range

*significant difference (p < 0.05); Hb, hemoglobin; NA, Not available
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Figure 1 Comparison of Hb E and Hb F fraction in compound heterozygous Hb E/beta-thalassemia with different

copy numbers of alpha-globin gene
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Figure 2 Representative chromatogram of a subject with compound heterozygous Hb E/beta-thalassemia who

has a low hemoglobin F phenotype causing by an alpha’ thalassemia co-inheritance

feuEns [Fiinoensfaianmasl alpha-thalassemia allele
‘s"aﬂuﬂfjwhzsmﬂsﬁazﬁwiﬁﬁﬁ®daumaq HbE z;m%maz Hb
F anad0ealtfay s Seramndasiunarurian
! SememAs T uanaida Fifiudndnaas Hb
F SL%iszTUﬁ@%WmﬂsLu compound heterozygous Hb E/beta-
thalassemia ﬁﬁ alpha’-thalassemia allele TINAE "%@Vﬂﬂ
Mhaninsansniudagmzes Hb E ﬁzja%u oavh fiady
@i homozygous Hb E Soaeimenurowhil (Figure
2) dmSum3fnEINgs homozygous Hb E T susing
fnsuras Hb F a@maﬂwaﬁﬁaﬁwﬁwmaﬁ@La,wwﬂma;mﬁﬁ
alpha’-thalassemia S shennmsAnEntawneh i
WUMIARAIIEREI Hb F Faiaunnaumadmisizasin
alpha-globin iaras aehslsfieramsidea lésnauanslst

WiumInnasasding I Hb F 1ung alpha™thalassemia Lay
alpha’-thalassemia usfaelifiunnauanesoensditidey
maaiaungal alpha®thalassemia fimal vioioradiululéh
mjmﬁfsaam homozygous Hb E ﬁﬁj alpha’~thalassemia 33
1%@16fa’a%uﬁamﬁﬂaé’amqﬁuﬁqmwﬁluﬁﬁﬁw%wamﬂﬂdw
NUATNKAAN alpha’-thalassemia dasnndlaitadema
qumsmé‘lm fifiasiodasan Hb F lalgvimanmiia
WA L% SNP Aaneeiuinibg ﬁgﬁaaﬂiuu gamma globin gene
(% Xmn I restriction site) L BCL11A gene Uay
HBS1L-MYB intergenic region a3uaudlnanyuseay Hb
F wananiimsdaidandathg homozygous Hb E Fava
Tunmsdnmil slagmsea phenotype ¢e HPLC lal

Igvimsesa genotype Fsaaillomadaidan compound

a a € a a ! o A (%
'J']‘iﬁ'ﬁ‘[a‘vi@n'ﬂEl']l»l,azn‘ﬂﬂ']ﬁ@l‘iﬂ'iﬂ']‘ﬂa“@l ﬁ‘jﬁ 29 %Uﬂ_lﬁ 4 AAON-DUNAN 2562



344

heterozygous Hb E/beta-thalassemia %@ﬁszﬁu Hb F &9
nh dhanlunga LLasz‘meﬂmjméhaa'N homozygous Hb
E 3] alpha™thalassemia sdnelunadnmiliawnaEn
%aamﬁﬂﬁﬁaﬁaﬁna’nmﬁné’uﬁwaeiamﬁﬁ@wmaaé’@dm
Hb F 789n§4 LLﬁazLﬁmﬁa@amq@hﬁﬁagmﬁauﬁumjuﬁ
1315 alpha-thalassemia allele 3388 W lisnmwaTiazifins
ANAANGNIYNER dw¥uluaneas heterozygous Hb E
NUFAEIU09 Hb E ﬁa@aﬂumjmﬁﬁ alpha’-thalassemia
Tmdne Fonndosiuaidein o0 WA AindULEng
fumadisiuvasdngan Hb F asbimsasulaeminms
VAN %@ﬁ@%ﬁﬂé’ﬁwmﬁL@mzﬁmmmmimmé’@dm
Hb A LﬁNLaﬂuﬂa;Né]’aaa'w heterozygous Hb E Fivhan
finn serhangaiifiuay i alpha-thalassemia allele 423
8 NUFAEI Hb A whiiuSesas 68.6 (49.7-77.1) Uag 61.4
(57.8-69.6) eNN&G (p < 0.05) ledndn Hb A R
Sofdnnuresih alpha-globin anadisisnssanadasiy
WANM3IAUE28Y globin chain ustlalsnansnaBemaiy
w0 b F 16

I@aﬁl’ﬂﬂmﬁuc‘jmm globin chain tatsznaiiufiy
dimer 9ienlazqfidhiulé sasustoy globin chain To
alpha-globin RNV beta-globin iﬁaﬂdﬁ beta-
like globin chain Lﬁaﬁiwmu alpha-globin chain A&
v InusaiAmsiAonduiuszming alpha-globin chain
U beta- U beta-like globin chain AANATANNDS
" compound heterozygous Hb E/beta-thalassemia
l3ifinms3 beta-globin chain Fehuslafidnnu alpha-
globin chain AARINNNTN alpha-thalassemia %ﬁﬂﬁ
alpha-globin \Randuny beta-like globin chain ﬁﬁﬂizﬁg
ﬁmmzauﬁumﬂﬁqﬁ PnWaMATeusasfidfiuh alpha-
globin L38NAUAY mutated beta-globin (beta”) Idsnnn
gamma-globin chain ¥ W&asuaa9 Hb E it oy
fdnahumes Hb F anas lwimeadieniuinudegimns
Hb F Anadl homozygous Hb E ‘ﬁﬁ alpha-thalassemia
1888 §W3U heterozygous Hb E gleinsa® beta-
globin chain 1nél Lﬁaaiwuquﬁnaa alpha-globin chain 8¢
9 alpha-globin QudaNIUAY beta-globin chain Un§xN
A vilindauzes Hb A qﬁu Tunsfidosamas Hb E
L8 Hb F anad seinamsdnmndadiuges Hb E uay Hb
F Aaenasnnmad alpha-thalassemia 333 11418358
Suillinasandasudulnyfunnnasugiuzes globin

UM FUNSBU Lavamue

chain lasadassafidiuldaniiae Sefinamandiadu
aehlsAadssidmilisanedas 1aun lmunsanasmes
Sdm Hb F 7l alpha™thalassemia 3@ eaehafiste
fAMIana sL%ﬂZjISJ homozygous Hb E WagNaUWUM3
Fadnrnsdadi Hb F 78 alpha’-thalassemia TIN@8
SL%ﬂ’st heterozygous Hb E

mwAemnlasiedi Ho E uay Hb F anmsiiiu
alpha-thalassemia FINAINA ﬁmmﬁwﬁmaméﬂmﬁ
fvngAesas beta-thalassemia natiganfinaserifasy
% homozygous Hb E ualaaunils uazdneumisld
Sumsifiasiendn heterozygous Hb E en) homozygous
Hp E :nmsasiame Hb analysis Lﬁmmﬁmiﬁj alpha-
thalassemia allele Tsmuldlaellszanns mngaiingsen
ﬂﬂ@@u%ﬁdfl genotype W compound heterozygous
Hb E/beta-thalassemia M3HEH alpha-thalassemia 7
v ldnaaas Hb F anasennauwiniideuas 5 uay
vilsdadi Ho E sissnnnih3osas 80 sanamaanm
fugnslis Table 1 dsovavhlFafasuAnidu homozygous
HbE LLazLﬁaﬁmjﬁuﬁﬁmaﬁLﬂu heterozygous Hb E %38
homozygous Hb E ‘V°|ﬂﬁﬂamﬁL?%msl,umivlé’umtﬂu%@
compound heterozygous Hb E/beta-thalassemia I@Eﬂ%
mqﬂﬁﬁﬁwummﬁ'mm compound heterozygous Hb E/
beta-thalassemia ﬁiﬁ%ﬂmﬁﬁﬂﬁﬂﬁmﬂ% homozygous Hb
E 91nmsesadie HPLC 3ouay 1 9essnathedi l@sums
A%ase homozygous Hb E samaie’ penslsARFmUMITimS
AdtnsanamIsasessida lusItias wmnvhms
§373 Hb analysis 5?1@%@ MeAD capillary electrophoresis
do¥ndnamas Hb A Tushathadend ldsumsitade

12,13

homozygous Hb E iNefutiumaiiase™® wazmndsl
LLLﬂQMim’mﬁ%ﬁ% genotype 984 homozygous Hb E el

A MINAROLYNIRLTYINEN

aqu
annsnmdasinass Hb E uay Hb F Awasuuas
aNMIA alpha-thalassemia allele 3INUEAS TLDENS
#@12%47 alpha-thalassemia Lﬂ%ﬁﬁ&léﬁﬁmhﬂmﬂéamﬂm
ANMUY phenotype 284 ﬂﬁjuﬂizmmﬁﬁ Hb E ugdhutlsenay
#AOe9 nsiAsuiLasasdadau Ho denanasdu
dasnilefamelunuvmagidemas beta-thalassemia

fefadnudnsld Ho analysis Lﬂuﬁugwﬂumimm%ﬂaﬁa

J Hematol Transfus Med Vol. 29 No. 4 October-December 2019



Phenotypic alteration from an alpha-thalassemia co-inheritance

tanansansds

. Sae-ung N, Srivorakun H, Fucharoen G, Yamsri S, Sanchaisuriya
K. Phenotypic expression of hemoglobins AZ, FE and F in various
hemoglobin E related disorders. Blood Cells Mol Dis. 2012,48:11-6.
. Tachavanich K, Viprakasit V, Chinchang W, Glomglao W, Pung-
Amiritt P, Tanphaichitr VS. Clinical and hematological phenotype
of homozygous hemoglobin E: revisit of a benign condition with
hidden reproductive risk. Southeast Asian J Trop Med Public
Health. 2009;40:306-16.

. Rees DC. Hemoglobin F and hemoglobin E/beta-thalassemia. J
Pediatr Hematol Oncol. 2000;22:567-72.

. Pakdee N, Yamsri S, Fucharoen G, Sanchaisuriya K, Pissard S,
Fucharoen S. Variability of hemoglobin F expression in hemo-
globin EE disease: Hematological and molecular analysis. Blood
Cells Mol Dis. 2014;63:11-5.

. Walsh PS, Metzger DA, Higuchi R. Chelex 100 as a medium for
simple extraction of DNA for PCR-based typing from forensic
material. Biotechniques. 1991,10:506-13.

. Pornprasert S, Phusua A, Suanta S, Saetung R, Sanguansermsri
T. Detection of alpha-thalassemia-1 Southeast Asian type using
real-time gap-PCR with SYBR Green! and high resolution melting
analysis. Eur J Haematol. 2008,80:510-4.

. Wong P, Srichaiya A, Suannum P, Charoenporn P, Jermnim S,
Chan-In M, et al. Frequency of hemoglobin E/B-thalassemia
compound heterozygotes with low hemoglobin F' phenotype among
cases with a diagnosis of hemoglobin E homozygote, determined
by high-performance liquid chromatography, in prenatal control

program for B-thalassemia. Ann Hematol. 2017;96:1763-5.

345

8. Nuinoon M, Makarasara W, Mushiroda T, Setianingsih I, Wahidiyat

PA, Sripichai O, et al. A genome-wide association identified the
common genetic variants influence disease severity in beta’

thalassemia/hemoglobin E. Hum Genet 2010;127:303-14.

. Sanchaisuriya K, Fucharoen G, Sae-ung N, Jetsrisuparb A, Fucha-

roen S. Molecular and hematologic features of hemoglobin E
heterozygotes with different forms of a-thalassemia in Thailand.
Ann Hematol. 2003;82:612-6.

Chaibunruang A, Prommetta S, Yamsri S, Fucharoen G, Sae-Ung
N, Sanchaisuriya K, et al. Molecular and hematological studies
in a large cohort of o’-thalassemia in northeast Thailand: data
from a single referral center. Blood Cells Mol Dis. 2013;51:89-93.
Steinberg M, Adams J. Hemoglobin AZ: Origin, Evolution, and
Aftermath. Blood. 1991,78:2165-77.

Singha K, Fucharoen G, Sanchaisuriya K, Fucharoen S. EE
score: an index for simple differentiation of homozygous hemo-
globin E and hemoglobin E-p’-thalassemia. Clin Chem Lab Med.
2018;56:1507-13.

Pornprasert S, Tookjai M, Punyamung M, Kongthai K. A Formula
to Identify Potential Cases of B-Thalassemia/Hb E Disease Among
Patients With Absent Hb A, Hb E > 75% and Hb F Between 5
and 15%. Lab Med. 2019;50:158-62.

a a € a a ! o A (%
'J']‘Jﬁ'ﬁ‘[a“@nﬂF.l']l»l,azn’ﬁﬁ']ﬁ@l‘iﬂﬁﬂ']‘ﬂa“@ ‘]‘jﬁ 29 %Uﬂ_lﬁ 4 AAON-DUNAN 2562






	_Hlk13298495
	_Hlk13295821
	_Hlk13298177
	_Hlk13298228
	_Hlk13297401
	_GoBack

