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Globin chain

Tertiary structure
of beta chain

Quaternary structure
of haemoglobin A molecule

Hemoglobin (2 o + 2 non a)
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Classification of
hemoglobin disorders



Quantitative defect (Reduced synthesis)
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® Structural defect
i ........... Variant in one of the globin subunits
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® Quantitative & Structural defect

@hemoglobinopathy
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Thalassemia and hemoglobinopathies rather than iron deficiency are major
causes of pregnancy-related anemia in northeast Thailand
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Study on pregnancy related anemia in northeast Thailand

Subjects 412 pregnant women
i Hospitals : Chumpae & Nampong

Duration : Jan 2003 — May 2004

Mean age : 25.5 + 6.0 yr
Mean GA : 12.8 + 3.7 WK.

Inclusion criteria
Normal pregnancy with GA < 20 wks.
Hb < 11g/dl at GA < 12 wks.
Hb < 10.5g/dlat GA < 20 wks.

Methods : CBC, Hb & DNA analyses , Serum ferritin assay

SGF.-
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Results From 412 pregnant women

/71 cases (17.2 %) : Anemic

Thalassemia

Iron deficiency
Thalassemia + Iron def.
Non thal, Non iron def.

42 (59.2 %)
5(7.0 %)
18 (25.4 %)
6 (8.5 %)
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CPG Thalassemia 2014 ..... 1SNAITUNNE ...

Average statistics for Thalassemia .....

Tsalafinanes1dadiiie (thalassemia) Lulsaugnssumsladinine,
SaiiguRnisaigannlulsumelne Uszanudesas 20-30 vesszansiiiu alpha
(a)-thalassemia Sa8az 3-9 H8U beta (B)-thalassemia waznuduvesdlulnaiu
AnUnR 2 4fin Ao hemoslobin E (Hb E) lnswdsuszuuionas 13 LLﬁ:wuqﬁu
lupudanufieiosar 30-40 fidmingSuninu Hb E gefisdewaz 52 Flulnadu
AnUnABnwdaniaiinuldvas @ Hb Constant Spring (Hb CS) wuUTzae
Youaz 1-8 gUAnITAlRIMT W 1
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ORIGINAL ARTICLE

MICROMAPPING OF THALASSEMIA AND HEMOGLOBINOPATHIES

IN DIFERENT REGIONS OF NORTHEAST THAILAND AND VIENTAINE,
OS PEOPLE’S DEMOCRATIC REPUBLIC

Jaruwan Tritipsombut,’2 Kanokwan Sanchaisuriya,? Prachatip Phollarp,?
Dalouny Bouakhasith,® Pattara Sanchaisuriya,* Goonnapa Fucharoen,’
Supan Fucharoen,? and Frank P. Schelp?

! Biomedical Science Program, Graduate School, Khon Kaen University, Khon Kaen, Thailand

2 Centre [for Research and Development of Medical Diagnostic Laboratories, Faculty of Associated Medical

Hemoglobin 2012; 36: 47-56.
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Gene Frequency of
5% confidence interval in

TABLE 1 Prevalence a
349 Laotian Subjects

E, a’- and B-Thafassemia in 1,460 Northeast Thai and
rentheses)

Northeast Thailand \ / Vientiane, Laos PDR
Types of Gene Gene
Thalassemia n  Prevalence Frequency n  Prevalence Frequency  p Value®
Hb EP 609 41.7 0.238 10 30.1 0.173 «<(.001
(30.2-44.3)  (0.223-0.253) (25.3-85.2)  (0.145-0.202)
a-Thalassemia®| 85 5.8 0.029 30 B.6 0.043 089
(4.7-7.1)  (0.024-0.036 (5.0-12.0)  (0.029-0.061)
p-Thalassemia 13 0.9 0.005 8 2.3 0.011 0.110
(05-15)  (0.003-0.008) (1.045)  (0.005-0.022)

ATest for prevalence difference.
bIncluding individuals with_heterozygousnd homozygous states.

“Most carried the SEA deletion except one Thai subject with the THAI deletic

a1 UNAAM



Updated data for Northeast Thailand

TABLE 4 Comparison of Frequencies of Thalassemia and Hemoglobinopathies in Populations of
Northeast Thailand and Neighboring Countries

Types of Vientiane, South Laos Cambodia South

Thalassemia NE Thailand Laos PDR (15,16) (17,18) Vietnam (19)
a-Thalassemia® 0.029 0.043 0.006P 0.010° 0.017-0.0344
aT-Thalassemia® 0.107 0.046 0.981P 0.162¢ 0.017-0.2204
f-Thalassemia 0.005 0.011 N.A. 0.0156 —0.0170  0.001-0.0468
Hb E (0.238 0.172 0.253 —0.433"  0.151 — [}.Eﬂﬂf 0-03568
Hb CS 0.053 0.029 0.113P 0.023 0-0.0304
Hb Paksé 0.004 0.003 N.A. 0.002 0-0.0024

ot - thalassemia is ~ 5 times more common than o - thalassemia
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Phenotypic classification of thalassemia A
in Thailand ..... AOA

CMDL

o — thalassemia

3 - thalassemia
o °-thalassemia / o -thal 1

B* - thalassemia o t-thalassemia / a -thal 2
3° - thalassemia Hb Constant Spring
Hb E Hb Pakse’

af -thalassemia
AEBart’s disease
EFBart’s disease , etc.
op -thalassemia / HPFH
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More than 60
thalassemia syndromes

SGF.-




Structure of Human globin gene
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Codon Codon

Kozak sequence
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Molecular basis of B-thalassemia in Thailand:
analysis of -thalassemia mutations using the polymerase chain reaction

Supan Fucharoen', Goonnapa Fucharoen'’

, Wimonman Srlroongrueng

, Vichai Laosombat’, Arunee Jetsrisuparb’,

Sutthipan Prasatkaew’, Voravarn S. Tanphalchltr Vinai Suvatte®, Soodsarkorn Tuchinda®, and Yasuyuki Fukumaki'

'Research Laboratory for Genetic Information, Kyushu University, 3-1-1 Maidashi, Higashi-ku Fukuoka, 812, Japan

‘Dcpartment of Clinical Mlcrm{,opy Faculty of Associated Medical Science, Khon Kaen University, Khon Kaen, Thailand
Dcpdrtmcnt of Pathology and *Department of Pediatrics, Faculty of Medicine, Prince of Songkhla University, Songkhla, Thailand
*Department of Pediatrics, Facult of Medicine, Khon Kaen University, Khon Kaen, Thailand

°Department of Pediatrics, Siriraj Hospital, Mahidol University, Bangkok, Thailand

Summary. (-Thalassemia mutations in 71 chromosomes of
Thai patients from the northeast, the middle and the south of
the country were investigated using dot blot hybridization of
PCR (polymerase chain reaction)-amplified DNA with allele-
specific oligonucleotide probes. Eight different known
molecular defects were detected, at different frequencies.
There was an amber mutation in codon 17, a C-T transversion
at position 654 of IVS-2, a frameshift mutation between co-
dons 71 and 72, an A-G transition at nucleotide —28 within

northeast, middle and south of Thailand. Mutations previ-
ously detected in two related ethnic groups, Chinese and In-
dians (Kazazian and Boehm 1988), and also the f** ochre mu-
tation were screened using PCR and dot-blot hybridization
with specific oligonucleotide probes.

Materials and methods
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Table 2. Distribution of j-thalassemia mutations in Thailand

The The The Total (%)
northeast middle south
—28 TATA 0 1 1 2 (2.8)
Codon 17 10 4 0 14 (19.7)
Codons 71, 72 2 0 0 2 (2.8)
[VS-2 # 654 4 5 ) 9 (12.8)
Codons 41/42 10 10 11 31 (43.7)
IVS-1#5 0 I 7 8 (11.2)
IVS-1#1 0 0 1 1 (1.4)
Codon 35 0 | 0 1 (1.4)
Codon 19 0 0 3 3 (4.2)
Total number of
alleles examined 26 22 23 71 (100)

Mostly caused by point mutations



Frame shift mutation
(4 bp deletion at codons 41/42)

5 3

40 41 42 43 44 59 60
Arg Phe Phe Glu Ser Lys Val
AGG T GAG TCC----------- AAG GTG
/
AGG TTG AGT CCT TTG =========mmmmmmme- TGA
Arg Leu Ser Pro Leu Termination
codon

B%-thalassemia
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ABSTRACT

We report the molecular and hematological characteristics associated with a large cohort of B -thalassemia in
Thailand. Study was done on 21,068 unrelated subjects referred to our center in northeast Thailand for hemoglo-
binopathies investigation. Among 21,068 subjects, 2637 (12.5%) were found tocamy B-thalassemia. Of these 2637
cases, 705 (26.7%) carried B -thalassemia with eight different mutations including 6 promoter mutations; NT-28
(A=0G1, NT-31 (A=G), NT-50 (G=A, WT-86 (C-G), NT-87 (C=A) and WT-90 (C-T) and two missense mutations; Hb
Malay (codon 19; AAC-ACC) and Hb Dhonburi (codon 126; GTG-GCG). Hematological features of carriers

with these BT -thalassemia (n = 528) were compared with those with B%thalassemia (n = 309). Data for Hb
E{%'*-Lhdl.issemm Ln = 'l??] were also pn:‘sented dlung '.-ﬂth HL1 E- ﬁ':' LhdL.lbbE[T]l,d in our series (n = 94), All

Total 21, 068 subJects examlned
2,637 [ — thalassemia carriers

1,932 B9 - thalassemia (73.3%)
705 3* - thalassemia (26.7%)
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Genotype and phenotype characterizations in a large cohort of B-thalassemia
heterozygote with different forms of a-thalassemia in northeast Thailand
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| heterozyEotes,
B-thalassemia mutation Type Mo, =
D 41/42; (—TTICT) B 307 3I6.16
M@ 17: (A-T) B 215 2532
NT-28: (A-G) B 191 2250
D 7172 [+ A) pe 3G 424
= IVSI-1; [ G-T} pe 26 106
Accumulatlve IVSII-G54; (C-T) pe 19 223
¥ a
data at KKU 3.4 kb deletion 2 19 223
IVSI-5: [ G-C) B 14 165
... 349 genes... D 43; (G-T) po G 071
@ 35; (C-A) pe 4 0.47
@ 26; (G-T) p? 4 047
= i i

~ 22.5 0/ NT-87: (C-A) p,u 2 024
+ . @15 (—T) 2} 2 024
B+ - thalassemia @ 27: (+C) B 1 012
M19; ( A-G), Hb Malay B 1 012
D 95: [ +A) pe 1 01z
NT-31 (A-G) B 1 012

Total 849 100




A
B0 — thalassemia ; Severe

CMDL
i B+ - thalassemia : Mild

Similar hematological characteristics i.e. .....

Low MCV
Low MCH
Elevated Hb A,

Differential diagnosis is only made possible by
DNA analysis

... 1579%1 mutation ?%Qﬁﬂiﬂﬁﬂ%ﬂ'ﬂ?ﬂﬁﬁ PND #1920 ...




B* - thalassemia mutations observed

[-globingene

; | W B

CD19 CD126
CCACACCC GGC /CATAAAA l l _
l l Hb Malay Hb Dhonburi
T AG A G G AAC3AGC GTG>GGG
-90 -87 -86 -50 -31 -28
Table 1
Hematological parameters and Hb profiles of 528 ' -thalassemia heterozyzobes. Values are presented 2s mean + SD { min-max ) or as raw data where appropriate,
B-Thal genotypes nis) Sex(n) Hb Az Hb F Rbe Hb KCY MCH RDW
female/male (%) (%) (=10"/L) (g/dl) (f} (pg) (%)
pHT-25 (A=C)p A 431 (81.8) 2257206 5.7+ 06 1.7+ 1.5 23+ 07 125+ 19 721 + 53° 233 + 1.8° 153 + 22
[36-75) (0-9.4) [38-78) (8.1-16.39) [56.3-89.0) (18.1-29.9) (10.7-234)
pHT-3T: iA=Ll h 41 (78] 23118 47 + 04 12+ 11 5.0+ 07 129 £ 15 774+ 45 254 + 13 147 + 1.2
(39-52) (0.2=39) (3.7-62) (10.4=16.1) (67.7=85.0) (23.0-281) (12.5=16.2)
gl nh 29(55) 12417 44+ 04 15+ 14 53+ 09 120 + 16 702 + 5.1° 234 + 25° 156+ 18
[35-52) (0=5.2) [38-65) (9.4-145) (61.9-828) (19.7-31.3) (13.5-188)
BNTET TR A 13(25) 94 5.6 £ 05 324+ 21 5.5+ 07 133 + 14 745 + 31 244 + 14 135+ 06
[54-8.3) (1.2-84) [4.5-64) (11.4-15.3) (A0.0-78.0) (22.6-26.1) (13.0-144)
hanburd oA 10 (1.9) 55 45+ 03 05+ 04 3.3+ 07 131 + 21 751 + 41 252 4+ 14 141 + 1.1
[4.1-49) (0=1.0) [4.1-59) (10.9-155) (70.8-80.3) (23.4-2686) (12.7=1586)
BNT-AM 1C-T) jpA 2(04) 072 6.4 59 0,35 4.6, na 11.1, na 67.3, na 2359 na 17.3, na
RNT-HE (C-Llpa 1(02) 10 5.0 04 na na na na na
NS LAl A 1(02) 10 4.0 16 5.5 14.3 715 26 144
(S S 309 157152 57+07 14 + 11 55+ 09 114 +£ 19 636 + 407 206 + 18° 172 £ 20
(40-76) (0=7.00 (34-78) (10.7=17.1) (55.8=7786) (18.7-254) (12.6=186)

# Significant different from B*-rhalassemia trait (P < 0.001; Man n=Whitney U-test).
" Heterozyzous f-rhalassemia: Data from our series including CD 41,42 [ —TTCT): (N = 195) and CD17 (A=T): (N = 114), NT: Nudeotide na: not available,
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Hb Malay (29)

-28 A-G (41)

(431) Hb Dhonburi (10) cMDL
B0 - thal
/ (n=309)
K / —
§5.D- - * . . -
:5.0- | 85 -
T 4.7 4.4 ‘
o ;*g | i ~ 77 .4 i
3ID E o 79 1 722
1 4 =
Groups
=1 636
0 Y - -
NaMWoan < 4 % *
1 I~ SE_ - . .
wazdnluaiiln p+ - thalassemia ? Groups ;




Laosombat V, et al. Am J Hematol 1992; 41: 194-198.
..... Data in Southern Thailand ....

Six most common mutations (not including Hb E) are .....
- Codons 41/42 B Thai & Chinese Thai
-IVS1#5G - C severe 3+ Thai muslim
- Codon 19 A-G B+ Hb Malay
-Codon 17A-T 30
--28A-G B
-IVS1#1G-T BO

[ [
.. gaganiale ...
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- thalassemia (+) 573013 deletion fnlWiARanuas high Hb F Tusihg

Mutation Type No. %
IVS I# 56 (G-C) 0 T 43.5
codons 41/42 (-TTCT) 0 30 16.9
codonl® (Hb Malay) + 18 106 <
codonl7 (A-T) 0 15 8.4
- 28 (A-G) + 10 6.6 <
IVSIT#1(G-T) 0 8 4.5
IVS II # 864 (C-T) 0 4 22
codon 41 (-C) 0 3 1.6
codons T1/T2 (+A) 0 1 0.6
3.4 kb del p*-thalassemia 0 3 16 )
12.5 kb del 6 thalassemia high Hb F 3 1.6
46 kb del p°-thalassemia 0 2 1.1 —
79.2 kb del HPFH high Hb F 2 1.1
Sy(*ybp) -thal high Hb F 1 08

TIM 177 100




Expression of Hbs A,, E and F in various Hb E related disorders
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Phenotypic expression of hemoglobins A, E and F in various hemoglobin E
related disorders

Nattaya Sae-ung , Hataichanok Srivorakun *°, Goonnapa Fucharoen ?, Supawadee Yamsri 2,
Kanokwan Sanchaisuriya 2, Supan Fucharoen **

* Centre for Research and Development of Medical Diagnostic Laboratories, Faculty of Assocated Medical Sdences, Khon Kaen University, Khon Kaen, Thailand
b The Groduate School Faculty of Associated Medical Saences, Khon Kaen University, Khon Kaen, Thailand
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‘_L a - thalassemia

a® - thalassemia (o — thalassemia 1 )
no o - globin chain production

a* - thalassemia (o — thalassemia 2 )
low o - globin chain production



o - thalassemia gene in Thailand
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o - thalassemia 1

Mostly caused by DNA deletions




Molecular basis of o — thalassemia

Gene deletions
- o - thalassemia 1 deletion (SEA & THAI)

- o - thalassemia 2 deletion (3.7 kb & 4.2 kb)

Non deletion
- Hb Constant Spring
- Hb Pakse’
- Hb Q - Thailand
- Hb Quong Sze (less common)
- Codon 30 (GAG deletion) (less common)
- Poly A mutation (less common)
- Hb Pak Nam Pho  (less common)

SGF.-




i Data from ongoing
thalassemia screening at KKU

g 1,541 positives at preliminary screening

397 o — thalassemia 1 carriers (25.8%)

396 SEA deletion
— 1 THAI deletion
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Hematological data of a pregnant Thai woman and her family members.

OF

¥

DCIP

Rbc (10%%/L)
Hb (g/dL)
Hct (%)

MCV (fL)
MCH (pg)
MCHC (g/dL)
RDW (%)

Hb A (%)

Hb F (%)

positive
negative
4.5
9.8
32
(2.4
21.9
30.3
13.3
2.4
0.3

positive
negative
6.3
14.6
44
63
23.1
36.9
13.0
2.6
0.1

negative
negative
3.3
12.5
36
80.7
38.5
a4r.7
12.3
2.4
0.3




Non
o —thal 1

Hb Bart’s
hydrops fetalis



__THAI 854 bp
N

- 660 bp

Norm 314 bp




__THAIl | ~

(--SEA [ ala)

Hb Bart’s (--SEA T aa)
hydrops fetalis

SEA / __THAI
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Referral cases commonly encountered
at KKU for molecular analysis

Prenatal diagnosis

Diagnosis of complex thalassemias

Determine genotype — phenotype relationship

Diagnosis of unknown Hb variants



Example of Family analysis

AsaUnNsIN 1

CMDL
OF + /DCIP - OF +/ DCIP +
Hb 12.9 </d] Hb 104 =/dl
Hct 41.4 % Hct 33.7 %
MCV 65.0 {1l MCV 72.0 {1l
MCH 0.1 pgz MCH1121 pg
MCHC 30.9 g/dl MCHC 31.0 g/dl
Type AA (A;=7.1%) Type EA
HbE 221.4%
B0 — thalassemia trait / a — thal 1 Hb E trait / Homo o — thal 2
OF +/DCIP -
Hb 9.9 g/dl
Hct 27.4 %
MCV 62.2 fl
MCH 223 pg "\
MCHC 22.9 g/dl ,
Tyvpe A ABart’sH AALEN
HbAz 1.5% Risk for ... f° —thal / Hb E disease
oa—thal 1/ o —=thal 2 Others: ... Hb H disease

... EABart’s disease



A
AOA

CMDL

>

‘_L J2UATZIINITLUANE

...complex thalassemia
syndrome...
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Example 1 ..... aff - thalassemia e\
mis - interpreted case of aff - thalassemia A0

Patient : 7-year-old Thai boy

é@ Initial laboratory findings:-

DCIP Positive

Hb 6.8 %

Hct 24.7 %

MCV 56.3 fl

MCH 15.5 pg

MCHC 27.6 g/dl

RDW 28.4 %

Hb typing A,A(A,8.5%, F1.6 %, A 81.1 %)
|

Suspected B - thalassemia
Refer for 3 — thalassemia gene analysis



AOA
EL Analysis at KKU £MDL
| Repeated DCIP . Positive
B - thal gene analysis : Negative for all mutations
Hb E gene analysis : Positive (heterozygous)
a — thal gene analysis : Positive for o — thal 1 (SEA)

Positive for o gene

Repeated Hb typing : CS EA (E = 16.3 %)

l

Final diagnosis : CS EABart’s disease




The Hemoglobin Molecule

Heme Groups

Heme Groups

Abnormal Hemoglobins
LAUUBY... ARARYEIN....



Please refer to this recent paper for more
information

| CMDL

- OPEN (J ACCESS Freely available online @ PLOS | OME

s A Large Cohort of Hemoglobin Variants in Thailand:
Molecular Epidemiological Study and Diagnostic
Consideration

Hataichanok Srivorakun’, Kritsada Singha'?, Goonnapa Fucharoen', Kanokwan Sanchaisuriya’,
Supan Fucharoen

1Centre for Research and Development of Medical Diagnostic Laboratories, Faculty of As wuﬂsgu"m 2.4 % sity, Khon Kaen, Thailand,
2 Graduate School, Khon Kaen University, Khon Kaen, Thailand
/

Abstract

Background: Hemoglobin (Hb) variants are structurally inhgfited changes of globin chains. Accurate diagnoses of these
variants are important for planning of appropriate managément and genetic counseling. Since no epidemiological study
has been conducted before, we have investigated frequéncies, molecular and hematological features of Hb variants found
in a large cohort of Thai subjects.

Materials and Methods: Study was conducted on/Z26,013 unrelated subjects, inhabiting in all geographical parts of Thailand
over a period of 11 years from January 2002-December 2012. Hb analysis was done on high performance liguid
chromatography (HPLC) or capillary electrophoresis [CE). Mutations causing Hb wvariants were identified using PCR and
related techniques.

Results:mong 26,013 subjects investigated, 636 (2.4%) were foungXo carry Hb variants. Of these 636 subjects, 142 (22 4%)
carried a-chai i ith 13 different mutat ing included 451 (70.9%) cases with 16 [i-chain variants, 37
(5.8%) cases with Hb Lepore (d[*-hybrid Hb) and 6 (0.9%) cases with a single d-chain variant. The most common =-globin
rhain variant was tha Hh O-Thailand (57 ¥ACCAG AspHisy (uhich was frond in 101 Faces (15 8% Far Bonlahin chain variants

PLOS OME | www plosone.arg 1 September 2014 | Volume 9 | Issue 9 | 108365



Table 1. The frequency and Hb variant types found in 636 Thai referral cases throughout the countries.

Hb Variant (32 mutations)

a-Variant (12 mutations)

Hb Q-Thailand [x] 7 SACEAL Adp)

Hb Siam (1" 555 C6T GyAng)

Hb Queens () 76066 Larang,

Part of Thailand in)

Hb Beijing (n2!SAaeaac
Hb Hekinan (17758664

Hb Nakhonratchasima (|
Hb Dunn (x554C8AC A

Hb Thailand (x1%#44549
Hb 5t. Luke's-Thailand (
Hb Qndia (x1 55495
Hb Phnom Penh (21 '
Hb G-Honoluly (2275

H bl-wenchang -Wurming

Total no. (%)
Center MNortheast South Marth East
101 (15.8) 55 40 5 1
801.2) 5 3
& (0.9) 1 5
R — — ; —
f-Variant (16 mutations)
Hb Hope ([ 966 TGAT, Gy-Asp) 121 (19.0) 85 27 2
Hi Tak (p1#5+Ac Terthn 90 (14.2) 33 37 12
Hb Malay (p'30CAEE Aan-sern 46 (7.2) a 10 27
Hb J-Bangk ok [[pS5EGCGAC Glvasn 43 |6.8) ] 19 1
Hb Pyrgos (pE20e06nc Gheas 42 (6.6) 14 28
Hb D-Panjaly (2160 CAR GhuGin, 38 (5.9) n 5 22
Hiy C [pEGAE-AAG. Gurtys) 24 (3.8) 8 16
Hb KordeBy [p7S4T AT, Aspdan 19 (2.9) g g 1
Hb Cook (p1232AAACA. Lys - The) 10 (1.6} 2 8
Hb Dhonburi (567 G656 Valal g (1.2) 8 -
Hb Jachsiung (526G, LisTh 3 (0.5) 3 ~NJ 40 Va rla nts
Hbs Phimai ([7AGT-ACT, SerThn 2i0.3) 2
Hb Dhofar (p58CCTCGT. Pro-ang, 2 i0.3) 2
Hb § (peeaeaTa Guwval 1 {0.2) 1
Hb Raleigh (p!oTeGC6 vakaim 1 {0.2) 1
Hib Eritacas i 2 DA AN, Tu-Lys, LT i 1 L1
&p hybrid Hemoglobin (2 mutations) 37 (5.8)
Hb Lepore-Hollandia (5 ™= =%p =59 1 14
Hb Lepore-Washing ton-Boston (857 ™= "5 10
& variant (1 mutations) 6 (0.9)
Hb Az-Melbourne (5360 AMG. Gu-lss 4
Total (%) 636 (100) 294 (46.2) 237 (37.3) 92 (14.5) 2 (0.3)




Two dimensional diagnostic diagram
HPLC using CE & HPLC

A 213 212 214 210 29 27 26 z5 24 z3 22 21
F window Hb F
(0.93-1.25) (-1.10)
Hb Phimal
(1.33) Hb Raaigh
P2 window Hb Pyrgos o Hb Hopo
— ok {1.291.30)
B (1.25-1.43) (1.40-1.43) 032337 [4.35-1.43)
2;3‘.',':'" Hb Pyrgos Hb Hope
fCass an (1.43-1.45) {1.431.48)
(4.50-1.55) I 14 Hokinas, Hb Nakhon Ratchasime sad Hb |
P3 window Hb S Wenchang- | Phirom Peat weve co-ehuted (or shouider e
(1.511.71) Wauming (1.67) patiern) with 5 4 on HPLC R
| Mo Maisy and 1o Dhonburd vait reves! HoA, > 4%
Botwueen ————— ﬁ e ‘J
P30y ~ o
(1.71-1.91) e -
WD A (~2.43) i i e s
Hb Hekinan
(2.20-2.27) | Hb Lepore was coelufed (or |
Hb Nakhon ShousSer e i) with Hb A
Ay window | Wb Jkaoh. |\ o Ratchasima b ng 16 £ an HPLC bt negatie |
(1.912.03) | siung p ge-a.z - : (2.70-2.34) o0 DOIP test atxd- Hb F it
(198202 | (1962 Mb Phnom Penh b aainens J
C E (2.41) = ok =
Hb Malay, Hb ~ N ot
Dhonburl S~
Batwaen
MM Hb Lepore
305330 {3.32-3.74)
Hb Lepore
s Hb A (~3.63)
Az window RIZ378 g | MakhonRatchazi. | gm = - - -
(3.39-2.89) Hb G-Honoluby = A p
(3.88) (348-3.8) Hb XAz 15 Hb Az
e R A b e B BU | Hb Korlo-Bu N variants (sagor
D window Hb Fomd slaining was recormmendad fr 2 (3.90-4.03) Hb Dhofar ¥ stable a-globin -
(3.884.31) ! differendel Hb varisnts which co-siting or & | Hb Tak Hb D-Punjab | (4 oy | chain vanant (the 1
' co-mivaiing with Mb F such as Hb Tak b ’ (1.984.31) $4,06-4.15) amount =% of  Hb l
; 3 ; :.’3:: 38) :"42;’" - HD Stam !.""-’ : |
f“g""_“";;') ok Mict cout o supest Wb Tak ey | Hb Stiuke's- | 1558463 Hb E-Sasktoon ~i -
W14 - Thailand Thalland (4.43-4.48) (4.31) o X7 »
(4.524,66) | 14.344.55)
Q-ThslandA,
[4.764.76)
SLLUKs-TH, | Qindiaks
Between (4.77) (4.83-4.86)
s-C Hb Qnda e c:’ﬂ-mn“ﬂ | Qenche
4,634.90 3.74-4.7 . - o— - - ( ( )
¢ ) ' " T oA amouns is a L e
| & globin chain varant L EEEEEEE 2 I
‘ and accowt ~ 2-3% of 1ot , (4.76.4.20)
C window (-3.03)
{4.80-5.30) Hb C
(5.415.12)




Example 2 ..... Abnormal Hb

Unnecessary
PND

FTHa
Specimen Patient history................... i UrLJ.( ......................................
[ Bioodd cvs T A E/ L B . S b‘“g‘*
[ Amniotic fividl] Fetal Biood HQ’A.Z.AQ ...... u”""i‘“t'fyHQ Lidisiaen. 2"",” s
Ol other......cooeeeeeeee. Transfusion IStOry.........oiviriiermmrirui e e
Lab Finding ffected child
Nnme ..........................................................................................
ROS(RIOZL)  ccrmtottit coseesesemermassesieassitns dssssesadiscssueesssssnninnars
Ho (@l W 0 B s SGisissmeseminsstinnes
FCEIN ™ 1 i e N s ks - B s
MCV () iy asevgeeve T MCV 89.3
MCH@E®. [0 e BN E S il s
MCECOA) | 8 ... S = . AzA (AZ 2. 10/0)
RDW (%) gl L e T S R 5 . .
Hbtyping \  /720..T2MC0S ¥y L. L +Un|dentlfled H b
HbAy/HbE (%) A2 200 identtfy 07 EHEL
HUROBRR RN, i . cciovisiossistpiosnsns_ smsssessssnseorssonit SN
iy CiE— .
Fetal Risk [J Homozygous Oi-thaldssémia | O OHer (BPcify)-.........cocontissssasnavanseses

D BioopomBoniscis T L

,Z/ {-thalassemia-Hb E discase

Father . Carrier of unknown Hb variant

Mother : Hb E trait (Hb E = 26.8 %)




I\

/, & IN Centre for Research and Development of
wmsmss.  Viedical Diagnostic Laboratories (CMDL) KKU * Op45¢

CMDL mnuanziiiod

7 &
"4 e W 0 4123/55

: Hemoglobin typing report

Recieved date: 5/6/2558 Type of sample: EDTA blood
Working date : 5/6/2558 ID,: Fa58-256

Principle : Capillary Electrophoresid

Name rack: SEBIA Pos.: 5 . l !

214213 212 211 210129) 78 27 26 2524 23 22 4l
Hb A

(47.1 %)

Sample No. - 29

Hb variant ‘
(50.4 %)

; Hb A2
" /(2.5 %)

D NA testl n g Hemoglobin Electrophoresis
Fractions % Ref. % Ref. g/d!

1 504
Hb A 471

Positive for Hb J Bangkok ok 25
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1A5udaegy  50.0.58
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Yo o
Hamansva il ladail

_ : Hb E carrier <—— Mother

DNA analysis : Not done

il _: Hb J-BKK carrier <«— Father

DNA analysis : Positive for Hb J-BKK gene

n AF : Hb E carrier €< AF

X DNA analysis : Positive for Hb E gene

Negative for Hb J-BKK gene
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High Hb F determinants
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Increased Hb F Iin adult
I

HPFH : Hereditary Persistence of Fetal Hemoglobin
. Increased Hb F in adult life with no clinical condition
: no hypochromic microcytosis / normal MCV & MCH

op-thalassemia: 6 - & B - globin genes defect
. Increased Hb F in adult life with mild clinical condition
. hypochromic microcytosis / reduced MCV & MCH

Molecular basis

Mostly caused by
DNA deletion in £ - globin gene cluster



Haematologica 2004,89:777-781.

[haematologica)
2004;89:xxxxx

SITTHICHAI PANYASAI
SupaN FUCHAROEN

SATIA SURAPOT
GOONNAPA FUCHAROEN
KANOKWAN SANCHAISURIYA

Red Cell Disorders ® Research Paper

Molecular basis and hematologic characterization
of 6p-thalassemia and hereditary persistence of
fetal hemoglobin in Thailand

A B S 1 R A Cc T

Background and Objectives. This study aims to characterize hematologically and mol-
ecularly the high hemoglobin (Hb) F determinants in Thailand, as well as to establish a
rapid DNA-based assay to facilitate diagnosis in a routine laboratory.

Design and Methods. A multiplex allele-specific polymerase chain reaction (PCR) sys-
tem for rapid detection of three common DNA deletions causing (8B)°-thalassemia and
hereditary persistence of fetal Hb (HPFH) in South-east AsjaasWas developed and Uses
to examine the molecular basis for the high Hb F phenotyfes in 273 unrelated Thai indi-
viduals. Hematologic data were assessed comparatively.

Results. The multiplex PCR system was validated and results were completely concor-
dant with those of other established methods. DNA analysis identified “Y1(0P)°-tha-
lassemia in 148 cases (54.2%), deletional HPFH-6 in 83 (30.4 %) and the deletion-inver-
sion “y(*y8P)°-thalassemia in 22 (8.1 %) cases, while another 20 (7.3 %) subjects remained
uncharacterized. Genotype-phenotype relationships are discussed.

Interpretation and Conclusions. These data emphasize the high frequencies of 8-
thalassemia and HPFH in Thailand and the need for differential diagnostic methods as the
hematologic parameters associated with them are very similar and overlapping. The mul-
tiplex allele-specific PCR approach should prove useful in complementing routine Hb
analysis for differential diagnosis of these three common high Hb F determinants and
should facilitate a program of hemoglobinopathy screening in the region.

Key words: 8f3 thalassemia, HPFH-86, deletion-inversion, multiplex PCR.
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European Journal of Haematology 92 (73-79)
ORIGINAL ARTICLE

Phenotypic expression of Hb F in common high Hb F
determinants in Thailand: roles of x-thalassemia, 5’ é-globin
BCL11A binding region and 3’ 3-globin enhancer

Mattaphol Prakobkaew'?, Supan Fucharoen?, Goonnapa Fuchareon?, Nirut Siriratmanawong®

"The Graduate School, Khon Kaen University, Khon Kaen; *Centre for Research and Development of Medical Diagnostic Laboratories, Faculty of
Associated Medical Sciences, Khon Kaen University, Khon Kaen; *Regional Health Promeotion Center, region 8, Nakhon Sawan, Thailand

Beta-globin gene cluster, Chrll.pl5.4
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Table 1. Results of hematologic analyses of 253 adult Thal carriers of three different high Hb F determinants and
58 normal individuals. Values are expressed as mean t standard deviation. The three determinants were statisti-
cally compared using the Kruskal-Wallis non-parametric test.

Parameters (5B)° HPFH-6 Deletion- Difference Normal
-thal Inversion
N. (%) 148 (58.6) 83 (32.8) 22 (8.6) - 58
Sex (male/female) 34/114 16/67 2/20 - 21/37
Age (year) 3-68 1.3-61 4-61 - 20-33
Rbc (x10°/mm?) 4.8+0.8 4.7+0.6 4.910.6 - 4.5+0.4
Hb (g/dL) 11.541.5 12.311.4 12.1£1.3 - 13.3t1.4
Hct (%) 35.7+ 4.5 37.5¢4.4 37.313.6 - 39.8+4.0
MCV (fL) 75.4+ 7.0 79.916.8 76.415.6 < 0.001 87.9t3.6
MCH (pg) 24.41+2.0 207222 24.3+1.9 < 0.001 29.5+1.6
MCHC (g/dL) 32.341.0 32.8+1.1 32.4+1.1 - 33.5¢0.9
RDW-CV (%) 20.5¢2.4 16.612.7 16.8+2.4 <0.001 13.340.8
Hb-type A:FA A:FA AFA - A:A
Hb Az (%) 2.240.4 2.0+0.4 2:3%0.3 - 2.5:0.4
Hb F (%) 20.645.6 24.614.4 19.6+3.0 <0.001 <1.0
Hb F subunit Gy &y Sy Gy - -

SGF.-



Development of
multiplex

PCR system

enhancer

Rt 1,925 bp
.. - 1,415 b
e —— P — > secy B P
HPFH-6~ ~— b - 2 : :_'1."027 %
793 b
De-In p



Family SP : 6f - thalassemia/ Hb E

EA AFA

E=29.8% A,=21%

F =11% F =146 %

Hb = 13.2 g/dl ‘ Hb = 12.7 g/dl

MCV = 84.6 fl E F )| MCV=698fl

MCH = 26.8 pg ‘ MCH = 22.6 pg

MCHC = 31.7 g/dl MCHC = 32.4 g/di

F-cell : negative F-cell : positive

Hb E trait (0B)°-thal trait
EF EF
E= 41.8% E=431561//
F =336% E | F =35.1%
Hb = 13.0 g/dl EIF Hb = 14.6 g/dl
MCV = 62.3 fl MCV = 69.8 fl
MCH = 21.4 pg MCH = 23.2 pg
MCHC = 34.3 g/d MCHC = 33.3 g/d
F-cell : positive F-cell : positive

(5B)°-thal / Hb E

(5B)°-thal / Hb E



Clinical Biochemistry 48 (2015) 703-708

Contents lists available at ScienceDirect

Clinical Biochemistry

journal homepage: www.elsevier.com/locate/clinbiochem

A novel Ay5p°-thalassemia caused by DNA deletion-inversion-insertion
of the 3-globin gene cluster and five olfactory receptor genes: Genetic
interactions, hematological phenotypes and molecular characterization

@ CrossMark

Kritsada Singha *®, Goonnapa Fucharoen ®, Abdulloh Hama €, Supan Fucharoen °*

# The Medical Science Program, Groduate School Khol

" Centre for Research and Development of Medical D RBC .00 IFSL (4.7 - 6.2) RBC 4.8 1L (4.0 -5.2)

© Narathiwasrgjanagarindra Hospital, Narathiwas, TH Hb 159 gL (130 — 167) Hb 120 gL (120 — 143)
HCT 0482 LA (0405 - 0,508) HCT 0367 LA (0360 — 1477
MOV TOE L (R0 - 97.5) MCY 758 L (R0L0 - 978
MCH 264 pg (15,2 - 300 MCH 47 pg (25,2 - 3L
MOHC 330 gdl. (313 - 33.4) MOHC 327 gl (313 - 334
RODWY  I68% % (10,9145} “¥5p rop RDW 156 % {11.9-14.8)
Hb Type A,FA Hh Type A,FA
h Ay LB % I Ay LR T
Hh F 2.1 % Ik F % T

REC 55 1YL (4.0 -5.2)
Hh 123 gL {120 — 143)

HCT 0403 LA {0360 0.477)
MEEY | MBB | mov a2 om0 a9

MCH 14 pz (25,2 =31
MCOHC Mué gl (313 - 3345
RINW T % (115148}

I Tvpe F
kA, @ Ya

Hb F ikl Ya




M Ldla

12 1.4, 2558
15 8.9 2558
Buu sa.as.qnssal Wiadey Miansw 15 .50 N CMDL
¥av aamnuayins iviasaflutivdfavasfiuininatiuaaveuld 1 s dofl e K 7 -_—
Su) i oNin
1. iinsuivn 2uau #d9asra PCR for Beta-common +rare mutation@
Avfidoundon
1. sadvidaa 91U 1 vaan
2. Hemoglobin typing 1578
3. Wwa CBC 1 unu
Wansas I vavllidnag
Hb typing : eauuuu CBC: auuuu
24.6°C. Off J c PCT 1 17:28 11-86-2015 =
(V)
A2V 14:19 11-86-15 Well 14 24 H b F
= e o — LNIEH
Peak RT(s) HbA Hb
Hb A
Hb F (67.2) i Unknown 53 5.1 Qs
(25.9) ' [2 F window 129 25.9 | ad ﬂﬂ B - thal
Hb A2 3 Unknown 172 1.4
> 1) 4 AB Window 211 67.2 ) .
¥ F vz 71 IRINTI B - thal
2 2.9
100 200 300 400 s Area= 916 Baseline= 17814

DNA analysis : Positive for (53)° — thalassemia trait)



F Concentration =
A2 Concentration =

Total Area 1,525,707
33.2* %

56.2% % Q5§ - ok

Analysis comments:

*Values outside of expected ranges

Type of Hb
DNA aﬁalysis
Suggestion
Reported by

Approved by

anuwailu Hb E a % A, > 10%

Time (min.)
: EF with Abnormal Itb

Negative for Ol- thalassemia 1 gene (SEA& THAI)
gudeunion 5 danemiensdar1 B - thalassemia mutation

NUNEY. 33355 WIINGNY N.1L9078 inmATiamsuwngsnyms

Rbc -
Hb -
Hct -
MCV
MCH -

MCHC -
RDW -

asnunay. g Tamls  nae1s20 ﬁ’mnnﬁnmmwndhmtymsﬁy

EF Abn.... Positive for

Hb E / Hb Lepore-Hollandia

1]

A@A Centre for Research and Development of
: Medical Diagnostic Laboratories (CMDL) KKU

CMDL vinuanzilou

Py SERVI&"‘(\ 412355

Hemoglobin typing report

Recieved date: 7/7/2558 Type of sample: EDTA blood

Working date : 10/7/2558 D - S58-1046

Principle : Capillary Electrophoresis
Sample No. : 16

‘En

Name : rack: SEBIA Pos.: 8

Hb F or Hb variant

Hemoglobin Electrophoresis

Fractions % Ref. % Ref. g/dl
1 26
Hb F or Hb variant 31.9
3 16.2
4 46.1

Hb A2 3.2




Example 3 ..... High Hb F determinant

W 22 WU, 2Uid

Fu 23iw.2015 wln Tand p-“\-| 10 co™™on

: & ) F-00-006 Rev. 02
. g Request Form &=
Thalassemia service unit
Centre for Research and Development of Medical Diagnostic Laboratories (CMDL)
Tanuléw af Acenntatad Madinal G “hon Kaen University

Specimen Patient history.

[ Biood Ocvs b3 Pie @ug/@’s Fis 1=

X Ampiotic uid (A7) [ Feral Blood

‘Rbe (x10'%L) ol e, . ERAEE U

| ot TR U S — ST 5~ ~ay 5
HCT (%) = %
MOV | b7 o Al ? ; N; ;%752; s
MMCH (pg)- O T e

ke .
bt 9'2 *”J\.'\n/

| Homoay sums UbB ]/*2 FA UbAeya.2
( | WA 2 7

j H B> Zb.A4 X :
¥ devees ..q,?m.[dv(.. B~
~ F k Dﬁomwygmumdmemnl 3 Other (Specify).........ovuerrerernsessenee /
Unnecessar Pomacici:
js-Hb E di B
Request for ¢
[ Hb typing 250 Baht A p ia (10 jons*) 1000 Babt
[ -thalassemia 1 (SEA/THAI deletion) 400 Baht [ B-thalassemia (21 rare mutations*) 1500 Baht
[ a-thalassemia 2 (3.784.2 kb deletion) 600 Baht [J Aboormal Hemoglobin® 1000 Baht
1 1o Coastant Spring & Hb Pakse” 600 Baht O High Hb F determinants* 1000 Baht
3 Specific mutation (specify. )600 BahUmutstion [ Othor (peif)...vmsnrressresscsssssssssens .
R ted by qi-or 0B 000 o mﬁﬂmﬁm 23 NOYY’
Address, 2222 me#_mm{o B - S st .......... ool
P o oo <

Father Homozygous Hb E
Mother High Hb F carrier




DNA analysis for Thalassemia S$58 /741
a d a v
AMZINAUANTIINTNE umanmammuun'u
apm—

TnsAwy (043) 202 083 Tnsans (043) 202 083

LI Wounnw 2558
Re . HANNIAIIY DNA analysis
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Uit 6 WquAIAY 2558 111 1030 1. 142w 1 Faetn wulasvendsaqluanisasanhini

id

W
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\ No \ No \ Name DNA analysis

[ Y | oo o HPF gere

YOUAAININIVED

Positive for \
HPFH_6 tralt (103MENT19130 A W3 TN WOTY)

An329



AF Hb E trait MUIN3

DNA analysis Positive for Hb E gene 600

Negative for HPFH-6 gene

VNTR : Maternal contamination could not be rule out due to the homozygosity of maternal VNTR
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The End



