Faamuawidy dinawanenImin1a dunstend

T

I

VA.. ERNA AL PLASM DONA | IN & PRECNA \NCY WITH
- ) )

et

=
2

»——-: -f\r\n f"w:- -2 i Nhyl-\ ...“7
-

LY Tisw DN BAKLS .X QSFE:‘ALFS
Aida

"D OFARACTSSDI7 A e raT
AND CHARACTERIZATION CF ABNCRM AL
LTRARENNT

WA e gy - - »
..-_gu\‘._uv_,yg‘_‘ S juy“ ; “\ ’5“;._‘?‘3.“'.' {v\-\‘:}

i

MISS SANITA SINGSANAN

e

R R ﬂ‘,-;;‘ ﬂwc” OF Bum Oersy
“ -ls Me - ue/m% Povs



v 5970 %
WIIANISY AninnuanensminisiSunving

AU

E47246

MATERNAL PLASMA DNA IN PREGNANCY WITH
HEMOGLOBIN BART’S HYDROPS FETALIS
AND CHARACTERIZATION OF ABNORMAL

HEMOGLOBINS FOUND IN THAILAND

/"'“\,\k_ﬁ/_ 1 I"‘
y o RN
TCH LIBRPS 2

~N———

—~—

s

MISS SANITA SINGSANAN

A THESIS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
KHON KAEN UNIVERSITY
2011



MATERNAL PLASMA DNA IN PREGNANCY WITH
HEMOGLOBIN BART’S HYDROPS FETALIS
AND CHARACTERIZATION OF ABNORMAL

HEMOGLOBINS FOUND IN THAILAND

MISS SANITA SINGSANAN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
IN BIOMEDICAL SCIENCES
GRADUATE SCHOOL KHON KAEN UNIVERSITY
2011



THESIS APPROVAL
KHON KAEN UNIVERSITY
FOR
DOCTOR OF PHILOSOPHY
IN BIOMEDICAL SCIENCES
Thesis Title: Maternal plasma DNA in pregnancy with hemoglobin Bart’s
hydrops fetalis and characterization of abnormal hemoglobins

found in Thailand

Author: Miss Sanita Singsanan

Thesis Examination Committee Assoc. Prof. Dr. Kanokwan Sanchaisuriya Chairperson

Assoc. Prof. Dr. Kitti Torcharus Member
Assoc. Prof. Dr. Chanvit Leelayuwat Member
Assoc. Prof. Goonnapa Fucharoen Member
Assoc. Prof. Dr. Supan Fucharoen Member
~
Thesis Advisors: AN
...................................... Advisor

(Assoc. Prof. Dr. Supan Fucharoen)

Fec

............................ Co-Advisor
Assoc. Prof. Goonnapa Fucharoen)

(Assoc. Prof. Dr. Lampang Manmart)
Dean, Graduate School

Copyright of Khon Kaen University



a a ¢ w a éd 5
a1 A, 2554. msasaodmnizHadwelunaamnngnanssaliadlulnaiy

J Jdof a a iy a a :\d'
visnalaasevanmaa naznmsnsroinnzvslulnaduidaninnyludszmalne.

o o a

a a d (a [ a ¢ @ a a o
iUl Tyy1)Srgrquiude @ inFansmans Tudainede

q

UHIINGIAUUDULNY.

a

Jd’ a a d ' a [
o1ENUTNUINENTINUE : 391, A3 qnaa Y9Swy, 58 nau Wiy

o

UNAALD

om

‘-’
E 17246

& Y a o a :;' [ &Y o
wednunuiiull1dlumsassmaidue luwaraumdgedenssagunsiuie

=1 a o ot a =®R u’: dyd 9 o [ Qy 1
e Iy Inatiuininaleasoddimaavesmsn msanviaseiiveldninsasaeiadudiu
Y8390U GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) 91061298 19A10 U0 M3 839710
a q’/’ L4 a ad “a o’: 7o
WAAMYIAIATIA 400 TulA3aas TATT real time PCR Anpnlundafanssniiuam 76 1o
o o i - o /s o a ¢ d A o
Suwuniudedindgedanssd lsad luTnadivininaleased dimaasau 21 5w 1y
¥ '

534 12-32 ot uazndadanssanmanluassd lildduTsad Tu Tnatumindleaseod

a o o ' @ 4 =%
Wmaaswau 55 510 01gAssnegsznIng 10-26 dlad nanswamsinui TaonlSouiouiiv

U
v

AN1CT (cycle threshold) ¥DNIADINGN WDIHA10YTUYI9 28.85-36.07 LAz 30.45-38.32
o w 4 [ Ao 1 a [~ =1 ' @ o’: [ @ [ a
ARV 11199910A1 CT NN IaanalSuaadueiiuinnii AIUNGUAIDY 1IN
o’: o a a o o a @ a a d
Aanssn 15ad Ty Tnatduisna laaseddimaadatuua ldunisasivialsuaddue'ld
1 ' 1 @ ] a :’l o L4 ] I~ = a
Aoudegendingualediamgeanssanmsnlunsss li1didulsad luTnaduinina'ls
ot a 9 [] v Y @ ] <1 A 1 a a g
aseddimaa udaz lumnsonsneenainduldededanu ad1elsAamudenysunadisy
] a 3 q a o q’: o q A a :’
ULV DI UINIZUNTNFOUNINNITAIATIANT BITOMITNATIAS BTN UMD
2
1INV
1 = ~ a o a 3 9 o LY 1 a a
Tudruveamisanuid TuTnativdadnaiu 1891055905986 208198 1u Tnatiu
a ad Poi da o @ aa @ a wva a
AadnANnuNgudTonazHannsasItanumeate ) §iians (1. auzimaiin
d A =t 47 a @ a a
AITUNNY Laanﬁﬂyﬂuiwazmmwugmﬂmﬂﬂiiﬂiuﬁzﬂuimaqa Wan1alanaInel Ns
a a w ) o A d‘l 13 a Y -
nalfduiusiuiuoug aaoavuuenwInalnil $1uau s vila Uszneudrs Hb Q-Thailand
[74(EF3)Asp>His] @329WuwnuaNuEalnavesdlylnatudug aunseswunoenid
<] oA a ] ' @ o 91 n’;‘ - 4 ' @
iy 4 nquniYINe Hb Q-Thailand uanAnfiuINT UGN IdY 56 T10 onus iy
v
wingd TuInaiudazansonsianyldne Hb E («,%), Hb Q-Thailand (a2 ") 1oz

Hb QE (aQTZBEz) 141av3% HPLC uay capillary electrophoresis ﬁ1H§UﬂijﬁWU§3NﬁUW1W$



1

AN
E47246
inm1dadiilo 92A3239WY Hb Q-Thailand (a™",8%,), Hb A, (0,,8,) Haz Hb QA, (02,5, 1Adw
ad L1 L= [ a 1 P=1
7% capillary electrophoresis wamsmnuawiwaqwﬂmaeﬂqnUuaaﬁﬂﬂauuwmmﬂswn
v
wav Ina Indwiiamuadersiu fie (+- S +0 - ) uaasdamsunassuiam eIt uRaua
8lulnaiiuinnAviiaiicres fie Hb Hope [B136(H14)Gly>Asp] fnudilan 42 51
o ' Y = [ s = a oA a A 1
annsadwuneenilu 4 aguldwu@eady TaolivsnadlyInaduinlnd Taumaouandis
@ 4 @ [ =1 1 a H Po [~ ' @
M Tasidiolisamdadiiioswdveznullsuiaiianas diidlunive Hb Hope 32wy
- Y a 4 ' dy ¥ oA g
Hb H-disease 92A3599WU Hb Bart’s ldtfiaianiios uaze1vliwy Hb H rood 14 Tunquinidy
0 . @ = a Aoty ' ay Y <K '
Hb Hope/p -thalassemia §9a 1313500729008 Ty Inativeassilnigandnlnala 39 lisuniu
] = s [ I £ o A 1 1 ) = =
aamsatmmenIvzdaisaadiouneiala nan1sasrauenInalnivestuiailnaiiu
wumnsweguuuen IwaInilyiia@eaiu Ao (+ - - - - + +) ugasdamsiiumassuila@oafy
vy
NINUA
' v
siiafauilunsAny1n192 secondary erythrocytosis lundjadsnsss wudufan
Hb Tak [B147 Term>Thr] 321U (8B)-thalassemia WUUT1 194 Hb Tak 61.2 % uag Hb F
30.0 % 3 vuioufudidulalalade Hb Tak $90fY o -thalassemia Hnuiinanialadia
Inufind1uiu fie WUA1IY secondary erythrocytosis  Ailaudinundudud uTnatuuas
a [~ [ ] P=1 1 I~ [~
Ysunaudladeaunsdaningannninmsinnzsiaadiadoaunataziiadoauasiivuig
[~ =1 s v o = & =1 a
wn uaaalvmudannuduwusvesd Tulnduaz i luntves b Tak Fusludlulnaiiv
nallnAni high oxygen affinity
a Ao A P a o’: o ~{
FUANT A Hb Korle-Bu [B73(E 17)Asp>Asn] wu lundananssa laswuilumwing
' o o a a X &~ ~ 3 A =
Hb Korle-Bu 5200 U128 1 1natuduag o-thalassemia 1 9001 Faaziiaboauaal
[~ a d a o ) =) a a ado '
YUIAAN WANTITATIVAATILHEHAT TN Inaty WudTuTnaduAaUnanavue D-window
wuulalyladade3% HPLC uawuidudTulnatudswius Ty lnatuiadnfyuy capillary
¥ a ¢ o ad ' ~ 7 o
electrophoresis 18735293173 1EHIZAVAIDUIDTINUNNUAIAIATTATUNINE Hb Korle-Bu 910
misfnu luaseuasafironudiitawazdesaruiluning Hb  Kore-Bu 32w
[~{ = a [ [
o-thalassemia 1 ttazansantuningdlulnaiiudsauny Hb Constant Spring 39813150/NH
=) =1 [ @ o o = [] @ v (]
LﬂsUumananymzmmauwuﬁmaﬁiu"l*nﬂuazvlTu"l‘nﬂ"lﬁ'amwﬂmu1uﬂsQUﬂsaé’ﬂuﬂ
a o a a a a ' . . {
wiiagahuitugTuTnadiuAnlndyiialvi Ao Hb Phimai [B72(E16)Ser>Thr] finsaa
v
@ (] a o L4 o a @ v =1 1 [
WU lUAI0619MQIAINTIANINEUNBANIY FarIauAIT 19T TaowusIuAY Hb Constant
5 a a a a a dydu 9 1Y 1 a v
Spring 81y InatiudanAiialilidnyuen1suonaa1uiy Hb Hope HANATINMIINATWUT
vosouin Inatunnaou 72 (AGT-ACT) M1 serine QuNUARIY threonine TuA MR



111

A

47246

o @ ' a = [ 9 g A [~ 9

ANUAIAYABNITAA heme pocket WuNTNMzIT T adoauaudnTos Tudiiduning
Y94 Hb Phimai 1o Idam1sans2v3ilanononeenain Hb Hope nwulunulnedas 5918

@ ad v a A Jéy P 9 a 9 =) a a qg
WANIBHaAManNTWF15UU tuImen suazwamsdnuin 189 1nd luInaduialnfive 5
a [~{ 1 1 q aa o a wva dy
yila annsaaglitlulaszunsnednniuionisasinidiioniadestlfiians wenvini

awnsah liiszgnd 1diiednyuas 3ivivs I natufalnfwiaou 1dae 1)



Sanita Singsanan. 2011. Maternal Plasma DNA in Pregnancy with Hemoglobin
Bart’s Hydrops Fetalis and Characterization of Abnormal Hemoglobins
Found in Thailand. Doctor of Philosophy Thesis in Biomedical Sciences,
Graduate School, Khon Kaen University.

Thesis Advisors: Assoc. Prof. Dr. Supan Fucharoen,

Assoc. Prof. Goonnapa Fucharoen

ABSTRACT
E 47246

To determine the possibility of maternal plasma DNA assay in non-invasive
prediction of pregnancy with Hb Bart’s hydrops fetalis, a real-time quantitative PCR
was developed to detect the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene in maternal plasma DNA. Analysis was performed using DNA extracted from
400 pl plasma samples. Study was done on 76 pregnant women including from 21
pregnancies with Hb Bart’s hydrop fetalis and 55 pregnancies with un-affected fetuses
during 12-32 and 10-26 weeks of gestation, respectively. Data was presented as the
Cr (cycle threshold) value which is correlated with the amount of DNA in plasma
sample i.e. lower Cr indicates higher amount of DNA. It was found that the ranges of
Cr values were 28.85-36.07 and 30.45-38.32 for pregnancies with and without Hb
Bart’s hydrop fetalis, respectively. Although not completely difference, pregnancies
with affected fetus trend to have higher amount of plasma DNA. It is expected that
further elevation of maternal plasma DNA should be noted clearly at the time when
maternal complication or hydropic change occurs.

For the study on hemoglobin (Hb) variants, samples with several abnormal
Hbs encountered at the Centre for Research & Development of Medical Diagnostic
Laboratories (CMDL), Faculty of Associated Medical Sciences, Khon Kaen
University were accumulated. Complete molecular and hematological
characterizations were selectively performed on 5 Hb variants. Hb Q-Thailand (Hb
QT) [a74(EF3)Asp->His], found in association with various hemoglobinopathies in
56 subjects were classified into 4 groups with variable levels of abnormal Hb. In

double heterozygous for Hb QT and Hb E, in addition to the Hb E (a*,pF;) and Hb

QT (aQTzﬁAz) fractions, a small peak with slower retention time was clearly observed,
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most likely the Hb QE resulted from the (aQTz[iEz) tetrameric assembly. In the
association of Hb QT with B-thalassemia, the levels of Hb QT, Hb A2 (ocAzé‘)z), and
Hb QA2 (a",8,) were 13.8-16.6 %, 4.9-5.3 % and 1.0-2.6%, respectively. Haplotype
analysis demonstrated that all these Thai o®" genes were associated with a single
haplotype; (+ - S + 0 - -), indicating likely a single origin of this variant in Thai
population.

The second variant studied was Hb Hope [B136(H14)Gly->Asp] which was
also found in association various hemoglobinopathies in 42 subjects and could be
grouped into 4 categories. Groups 1 and 2 included heterozygous Hb Hope with and
without o-thalassemia including o-thalassemia 2 (-o*’), Hb Constant Spring, o-
thalassemia 1 and Hb H disease. The average levels of Hb Hope were 42.2 %, 48.5 %,
43.1 %, 14.3-29.6 % and 18.7-21.6 %, respectively. Minute amounts of Hb Bart’s but
not Hb H was observed in a patient with Hb Hope/Hb H-disease. Subjects with

compound Hb Hope/p’-thalassemia were associated with the levels of 73.1 — 90.1 %

Hb Hope and increased Hb A,, diagnosis of B-thalassemia carrier was not altered.
Haplotype analysis demonstrated that all these Thai 1P genes were associated with
the same haplotype, (+ - - - - + +), indicating likely a single origin of this variant in
Thai population.

The third Hb variant studied was from an adult subject with secondary
erythrocytosis phenotype. Molecular and hematological analysis revealed a previously
un-described condition of Hb Tak [B147 Term>Thr] and (5B)’-thalassemia. Hb
analyses showed Hb Tak 61.2 % and Hb F 30.0 % without Hb A. Hematological
parameters were compared with those of a homozygous Hb Tak with o'-thalassemia
found in another subject. Both of them had mark erythrocytosis and microcytosis with
increased Hb and Hct values due to the increased oxygen affinity of the Hb Tak
molecule.

Hb Korle-Bu [B73(E17)Asp>Asn], was identified as a compound
heterozygous state for Hb Korle-Bu/Hb E and o’-thalassemia in a pregnant Thai
woman with mild hypochromic microcytic anemia. HPLC analysis revealed
homozygosity for an unknown variant at the D window but capillary electrophoresis

identified that the proband was in fact a compound heterozygous Hb E and another
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chain variant. DNA analysis demonstrated that she carried the Hb Korle-Bu mutation
in trans to the Hb E and an a-thalassemia-1 (--SEA). Family studies identified that her
father and sister were double heterozygotes for Hb Korle-Bu and o-thal-1, whereas
her mother was a double heterozygote for Hb E/Hb Constant Spring. The genotype-
phenotype interaction were compared.

The last Hb variant identified was the Hb Phimai [B72(E16)Ser>Thr], a
novel Hb variant detected in a pregnant woman living in Phimai, Nakon Ratchasrima
province who also carried Hb Constant Spring. Initial Hb analysis revealed an
unknown variant quite similar to the Hb Hope [B136(H4)Gly—Asp] but DNA
analysis of the P"°P° mutation yielded a negative result. Further DNA sequence
analysis demonstrated that she was heterozygous for the AGT—ACT transversion at
codon 72 of B-globin gene, leading to a substitution of Thr for Ser at this position
which involves in the formation of heme pocket of the Hb molecule. It is speculated
that this Hb Phimai is unstable and might have high oxygen affinity. Hematological
and Hb characteristics of the proband with double heterozygosity for Hb Phimai and
Hb Constant Spring were compared with heterozygous Hb Phimai found in her sister
who had secondary erythrocytosis phenotype. B-globin gene haplotype linked to this
novel variant and a simple DNA assay for differential diagnosis of Hb Phimai and Hb
Hope are also presented.

The characterization methods used and the data obtained in this study should
prove useful for laboratory diagnostics and the study of hemoglobinopathies in

Thailand as well as facilitating the prevention and control program.
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