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 thalassemia







Genetics.

* In the first 8 weeks of embryonic life the
predominant forms of hemoglobin are:

b Gower | ((,€,).
b Gower 2 (a,&,).

b Portland | (G,y,).

» By the 12" week embryonic
hemoglobin is replaced by Hb F (a,y,)
which represents 70 - 100% of
hemoglobin in fetal life.



Genetics (2).

* Adult hemoglobin Hb A (a,[3,) detectable from

16/40, replaces Hb F as predominant hemoglobin
by 6/12 after birth, up to 30% of Hb in fetal life.

¢ Hemoglobin HbA2 (a,A,) is present in utero but
only very minor in normal adults.

e In normal adults 96 - 98% of hemoglobin is
HbA, Hb A2 (2 - 3%) and HbF (<I1%)
constitute a minor component of the total
hemoglobin.
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Chromosome 11
[3-LCR

cell precursor, a macrocyte Is a large red cell and a normocyte 1s a normal-sized red cell.
(LCR. locus control region.)
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Haemoglobin Globin chains Percentage found in Clinical state
{(Hb) normal adult blood
HbA o232 ~E7% MNormal

HbA?2 - 2-3%, Normal

HbF =1% Mormal

HbH s 0% a-thalassaemia

HbBarts T 0% a-thalassaemia
o chain 0% |-thalassaemia
aggregates
— insoluble

HbS o?fs? 0% Sickle cell

disease







Haemoglobinopathies

T~

Thalassaemia
Syndromes

Variant
Haemoglobins

a thalassaemia (o™, «9)

B thalassaemia (B, p°%)
High HbF thalassaemia ((6f)°,

o thalassaemia

HPFH)

Hb's ()

HbE ()
Hb Constant Spring (a)

Other less common ones




What is thalassemia?

Genetic blood disorder resulting in a mutation or
deletion of the genes that control globin
production.

Normal hemoglobin is composed of 2 alpha and 2
beta globins

Mutations in a given globin gene can cause a
decrease in production of that globin, resulting in
deficiency

aggregates become oxidized - damage the cell
membrane, leading either to hemolysis, ineffective
erythropoiesis, or both.

2 types of thalassemia: alpha and beta.



Alpha Thalassemia

» mutation of | or more of the 4 alpha
globin genes on chromosome |6

* severity of disease depends on number of
genes affected

e results in an excess of beta globins



Silent Carriers (heterozygotes +/-)

e 3 functional alpha globin genes

* No symptoms, but thalassemia could
potentially appear in offspring



Alpha Thalassemia Trait

2 functional globin genes

e results in smaller blood cells that are
lighter in colour

° no serious symptoms, except slight
anemia

AT W



Hemoglobin H Disease

e | functional globin gene

e results in very lightly coloured red blood
cells and possible severe anemia

* hemoglobin H is susceptible to oxidation,
therefore oxidant drugs and foods are
avoided

e treated with folate to aid blood cell
production



Alpha Thalassemia Major

 no functional globin genes
 death before birth (embryonic lethality)



Beta Thalassemia

e mutations on chromosome 11

* hundreds of mutations possible in the
beta globin gene, therefore beta
thalassemia is more diverse

e results in excess of alpha globins



Beta Thalassemia Trait

e slight lack of beta globin

e smaller red blood cells that are lighter in
colour due to lack of hemoglobin

* no major symptoms except slight anemia



Beta Thalassemia Intermedia

e lack of beta globin is more significant

e bony deformities due to bone marrow trying to
make more blood cells to replace defective ones

 causes late development, exercise intolerance, and
high levels of iron in blood due to reabsorption in
the Gl tract

e if unable to maintain hemoglobin levels between 6
gm/dl — 7 gm/dl, transfusion or splenectomy is
recommended



Beta Thalassemia Major

« complete absence of beta globin

* enlarged spleen, lightly coloured blood
cells

e severe ahemia

e chronic transfusions required, in
conjunction with chelation therapy to
reduce iron (desferoxamine)



Variant Hemoglobin Classification.

* The variant haemoglobins are disorders
of globin chain synthesis.

* Normal of3 ratio so most have normal
MCV and MCH.

e There are over 1000 mutations
associated with the haemoglobinopathies
most of which will produce variants.



Variant Hemoglobin Classification.

e Initially recognized forms were classified
alphabetically (Hb C, D, E), subsequent
naming after the location of discovery.

e The most common forms in

Australia include Hb S, Hb E, Hb
Constant Spring and Hb C.

e Usually caused by point mutations.
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Laboratory Diagnosis of Thalassemia

» Need to start with patient’s individual history
and family history. Ethnic background

important.
* Perform physical examination:
> Pallor indicating anemia.
° Jaundice indicating hemolysis.
> Splenomegaly due to pooling of abnormal cells.

o Skeletal deformity, especially in beta thalassemia
major.



CBC with Differential

e See decrease in hemoglobin, hematocrit, mean
corpuscular volume (MCV), and mean
corpuscular hemoglobin (MCH). See normal to
slightly decreased Mean Corpuscular
Hemoglobin Concentration (MCHC).

e Will see microcytic, hypochromic pattern.

e Have normal or elevated RBC count with a
normal red cell volume distribution (RDW).

* Decrease in MCV very noticeable when
compared to decrease in Hb and Hct.




CBC with Differential

e Elevated RBC count with markedly
decreased MCV differentiates thalassemia

from iron deficiency anemia.

» On differential, see microcytic,
hypochromic RBCs (except in carrier
states). See mild to moderate
poikilocytosis.

e In more severe cases, see marked
number of target cells and
elliptocytes. Will see polychromasia,
basophilic stippling, and NRBCs.



PBS in thalassemia

* Thalassaemias are typically microcytic and
hypochromic anemia's.

 Thalassemia causes a uniform
microcytosis without increase in RDW
(cf iron deficiency).

* Hb H and AP thal however can cause
an increased RDW.



PBS

e RBC often increased in thal but
decreased in iron deficiency

e Hb typically normal in thal minor but
decreased in intermedia and major
syndromes.

e MCV is the most valuable parameter in
predicting thal.



o
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Alpha Thalassaemia Major - target cells, microcytosis, hypochromia, NRBCs,
poikilocytes, polychromasia, basophilic stipling, tear drops.






In the setting of Hb H disease, a disorder in which
three of four a-globin chain genes are
nonexpressed,30—-100% of red cells contain typical

Inclusions.



« HEINZ BODIE

« GOLF BALL
APPEARING RBC

« RETICULOCYTE

e HEINZ BODY
IN GIEMSA
STAIN



GOLF BALL APPEARING RBC

\

In a-thalassemia minor may be associated with as few as

1 inclusion-containing cell in 1000-10000 cells .

The absence of Hb H inclusions therefore does not exclude
thalassemia trait, but the presence of typical inclusions may be

helpful in confirming a presumptive diagnosis.



Iron Studies.

e Except in the urgent situation of
preghancy iron deficiency should always
be excluded and treated prior to work
up for thal.

e MCV and MCH are influenced by iron
deficiency.

e Hb A2 can be lowered by iron
deficiency = falsely normal results if
tested when iron deficient (false
negatives).



Table 1: Laboratory features in different clinical states.

Iron Chronic Iron Thalassemia
Deficiency | Disease Overload
Haemoglobin | N or | ! N
Serum Fe | ! 1
Transferrin 7 JorN !
Receptor
Transferrin l l 1
Sat.
Ferritin | tor N 1
MCV ! lor N N
Marrow Fe ! 1 1







Hb H Inclusions.

e Hb H is an insoluble tetramer
consisting of four beta globin chains,
due to a lack of alpha chains in alpha thal
major.

e Oxidation of these tetramers
provokes precipitation which can be
visualized microscopically as ‘golf ball’
inclusions.

» Oxidation can be precipitated by oxidative
dyes (although there is significant batch to
batch variability making controls essential).



Hb H Inclusions (2).

e In Hb H disease 30 - 100% of RBCS
contain Hb H inclusions.

e In alpha thal minor there is one cell with Hb
H inclusions per 1000 — 10,000 RBCS.

e Other nucleic acid and protein precipitates
also stain (without ‘golf ball’ pattern).



Routine screening tests for diff

IDA & minor B-thalassemia
v'RBC count
v'Serum iron & ferritin & Iron store BM
v TIBC & TS index
v'Hb A2

v'Free erythrocyte protoporphyrin
v'CBC index ( simple & rapid)



Differentiative index

* Iron deficiency anemia (IDA) and beta
thalassemia minor (BTM) are the most
common causes of hypochromic
microcytic anemia.

e Many indices have been defined for rapid
differentiation of these diseases via
red blood cell indices



IDA T.T.

MCV-(5.Hb)-RBC-3.4 = England formula |>0 0<
99.2% 69.5%

MCV/RBC = Mentzer formula >13 <13
94.6% 95.5 %

MCH/RBC = Srivastava formula >3.8 <3.8
86.5% 85.7%

Kawakami formula RBC <5000000 >5000000
86.2% 98%

MCVMCH / RBC 301-370 250-300

_ 24.6% /7%

= Kerman |

MCV.MCH / RBC.MCHC 8.1-13 <105

_ 62% 98.7%

= Kerman |

MCV-10.RBC = Kermanshahan >15 <15
90% 95.5%




MINOR B-THALASSEMIA vs. IDA

Discriminant 5
formulas THALASSEMIA
Mentzer <13
(MCV/RBC)

Benington-Srivastava <4 .4
(MCH/RBC)

Green & King <65

MCV? x RDW/Hb x
100

Ratio of >0.9
micro./hypo.

IDA

=>13

=>4.4




MEAN DENSITY Hb PER LITER, MDHL

MDHL: MCHD x RBC

(Mean Cell Hb Density= MCH/MCYV)

MDHL | M:1.75+/-0.12 1 l
F:1.5+/-0.11



Differentiative index

e |- Kawakami index(RBC count index):
<5 possible IDA

>5 possible BTm

ASpecifity +sensitivity =847%



Differentiative index

e 2- mentzer index (MCV /RBC):
a>13 IDA

A<I3 BTm

ASpecifity +sensitivity =90%



Differentiative index

e 3- Index Srivastava (MCH /RBC):
2>3.8 IDA

1<3.8 BTm

ASpecifity +sensitivity =74%



Differentiative index

e 4-index England (MCV-(5.HDb)-RBC-3.4):
>0 IDA

*<0BTm

* Specifity +sensitivity =68%
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Differentiative index

* 5- new index Kermanshahan
« MCV —(RBC x 10):

«>|5 [DA

e <|5 BTm

* Specifity +sensitivity =86%



Reticulocyte Count

» Usually elevated.

*Degree of elevation depends
upon severity of thalassemia.



Osmotic Fragility

* Have decreased osmotic fragility.

* Is not very useful fact for diagnosing
thalassemia.

* Is an inexpensive way of screening for
carrier states.



Brilliant Cresyl Blue Stain

* Incubation with brilliant cresyl blue stain
causes Hemoglobin H to precipitate.

e Results in characteristic appearance of
multiple discrete inclusions -golf ball
appearance of RBCs.

e H Inclusions smaller than Heinz bodies
and are evenly distributed throughout
cell.



Hemoglobin Electrophoresis

» Important role in diagnosing and differentiating
various forms of thalassemias.

» Can differentiate among Hb A, Hb A,, and Hb F,
as well as detect presence of abnormal
hemoglobins such as Hemoglobin Lepore,
hemoglobin Bart's, or Hemoglobin Constant
Spring.

» Also aids in detecting combinations of
thalassemia and hemoglobinopathies.




Electrophoresis Principle.

 Separation of haemoglobins with
electrophoresis at pH 8.4 (alkaline) and pH
6.2 (acid).

* Scanning allows quantification of the
hemoglobin present, bands are seen by
staining.

e At alkaline pH Hb C,E,A2 and O

migrate together to form a single
band, Hb S, D and G also co migrate.



Electrophoresis Principle (2).

e At acid pH Hb C separates from E and
O and Hb S separates from D and G.

e Hb E and O cannot be separated by

electrophoresis neither can Hb D and
G.



a

. a*
l-,.m. ,

(1) Normal (2) New born (3) Hb C trait [A-C] (4) Hb SC disease [S-C] (5) Sickle cell
disease [S-S], (6) Sickle cell trait [A — S] (7) New born (8) Normal.



Electrophoresis Interpretation.

HbA2 range |lnterpretation
> 7.0 % Rare, repeat to verify test.
Exclude a structural variant.
Can be due to rare B thal mutations.
3.8-7.0% Beta thal trait or unstable Haemoglobin.
3.4-3.7% Fe deficiency in B thal trait; A chain variant with § thal trait.
Interaction of a and B thal traits; rare B thal mutations.
HbS making measurement inaccurate; interaction of a - Hb S.
2.0-3.3% Normal.
A and B thal (but HbF should be elevated); alpha thal trait.
Rare cases of B thal trait coexisting with either A or a thal trait.
<2.0% A B thal (but HbF should be elevated).

Alpha thal trait; Hb H disease; A variant or delta Thalassemia.
Iron deficiency.




Electrophoresis Strengths.

e Commercial, widely available, rapid
methods used for many years.

e Gives an estimate of HbA2 level.

e [dentifies some variant haemoglobins
which are well characterized.



Electrophoresis Disadvantages.

e Labor-intensive.

e Inaccurate in quantification of low-
concentration variants (HbA?2) and in
detection of fast variants (HbH, Hb
Barts).

e The precision and accuracy for Hb A2
using scanning of electrophoretic gels is
poor (in comparison to HPLC).



Electrophoresis Disadvantages (2).

e Coefficient of variation (CV) 33.6% for gel
electrophoresis (mean HbA2 concentration
2.41%).

e Column chromatography has CV 14.6%

(mean HbA?2 3.21%) and HPLC has CV
4.3% (mean HbA2 3.47%).

e =» An imprecise test in comparison to other
tests now available.



Preparation of Haemolysate for the
Quantiflcation of Haemoglobins

* Lyse 2 volumes of washed packed cells in | volume of
distilled water; and then add | volume of carbon
tetrachloride (CCl4).Alternatively, lyse by freezing and
thawing, then add 2 volumes of CCI4.

» Shake the tubes vigorously for approximately | min, then
centrifuge at 1200 g (3000 rev/min) for 30 min at 4°
Transfer the supernatant to a clean sample container and
adjust the Hb to 10 g/dl with water.

* If an unstable Hb is suspected, organic solvents should be
avoided.



* Whole blood samples are best stored as
washed, packed cells frozen as droplets in
liquid nitrogen and subsequently stored at -
20°C, -70° or over liquid nitrogen.
Alternatively, haemolysates may also be frozen
at -20° -70° or over liquid nitrogen.



Cellulose Acetate Electrophoresis
at Alkaline pH

¢ |.Centrifuge samples at 1200 g for 5 min. Dilute 20 landa
of the packed red cells with 150 landa of the haemolyzing
reagent. Mix gently and leave for at least 5 min. If purifled
haemolysates are used, dilute 40 landa of 10 g/d|
haemolysate with 150 landa of lysing reagent.

o 2.With the pOwer supply disconected, prepare the
electrophoresis tank by placing equal amounts of TEB
buffer in each of the outer buffer compartments.Wet two
chamber wicks in the buffer, and place one along each
divider/ bridge support ensuring that they make good
contact with the buffer.



Cellulose Acetate Electrophoresis
at Alkaline pH

* 3. Soak the cellulose acetate by lowering it slowly
into a reservoir of buffer. Leave the cellulose acetate
to soak for at least 5 min before use.

* 4. Fill the sample well plate with 5 landa of each
diluted sample or control and cover with a 50-mm
overslip or a "short" glass slide to prevent
evaporation. Load a second sample well plate with
Zip-prep solution.




Cellulose Acetate Electrophoresis
at Alkaline pH

e 5. Clean the applicator tips immediately prior to
use by loading with Zip-prep solution and then
applying them to a blotter.

e 6. Remove the cellulose acetate strip from the buffer and
blot twice between two layers of clean blotting paper. Do
not allow the cellulose acetate to dry.

e /.Load the applicator by depressing the tips into the
sample wells twice, and apply this flrst loading onto some
clean blotting paper.

e Reload the applicator and apply the samples to
the cellulose acetate.



Cellulose Acetate Electrophoresis
at Alkaline pH

» 8.Place the cellulose acetate plates across the bridges, with
the plastic side uppermost. Place two glass slides across the

strip to maintain good contact. Electrophorese at 350V
for 25 min.

» 9.After 25 min electrophoresis,immediately transfer the
cellulose acetate to Ponceau S and flx and stain for 5 min.

* |0.Remove excess stain by washing for 5 min in the flrSt
acetic acid reservoir and for 10 min in each of the

remaining two. Blot once, using clean blotting paper, and
leave to dry.

* | |.Label the membranes and store in a protective
» plastic envelope.
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acetate at alkaline pH in a patient with sickle cell/b+
thalassaemia compound heterozygosity; ASC, control
sample containing haemoglobins A, S and C.



Haemoglobin electrophoresis on cellulose acetate
at alkaline pH showing haemoglobin C trait (lane 4) and
haemoglobin C/b+ thalassaemia compoundheterozygosity (lane 5); AFSC, control
sample containinghaemoglobins A, F S and C
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(a) haemoglobins A and S (sickle celltrait);
(b) haemoglobins Aand H (haemoglobin H disease);
(c) haemoglobins Aand H (haemoglobin H disease);
(d)haemoglobins Aand S (sickle cell trait);
(e) haemoglobins A, F and S (sickle cell trait in a baby);
(f) haemoglobins A and F (hormal baby);
AFSC, control sample containing haemoglobins A, F S and C.
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Hemoglobin Quantitation

 Elevation of Hb A, excellent way to detect
heterozygote carrier of beta thalassemia.

o Variations in gene expression in
thalassemias results in different amounts
of Hb A, being produced.

» Can also guantitate levels of Hb F.



Range Hb A2

e Ranges may differ slightly between
methods and between laboratories.

* For example, in one of our laboratoriesthe
range determined for microcolumn
chromatography was 2.2-3.3%, whereas in
the other it was 2.3-3.5%.



Hb A2 levels

* We recommend that Hb A2 levels of 3.4-3.7% be
regarded as borderline and that the assay should be
repeated both on the same sample and on a
fresh sample

* Results obtained by HPLC analysis may be 0.1-0.2%
higher than the results obtained by electrophoresis
with elution.

e There is also evidence that Hb A2 is elevated
in patients with HIV

e >45.0 level HbF: B .thalassaemia major Some cases of B.thalassaemia intermedia
Neonates

e 15.0-45.0% Hb F: heterozygous HPFH African type (usually more than
20%)Some cases of Pthalassaemia intermedia
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Acid Elution Stain

e Based on Klelhauer-Betke procedure.

» Acid pH will dissolve Hemoglobin A from
red cells.

« Hemoglobin F is resistant to
denaturation and remains in cell. Stain
slide with eosin.

e Normal adult cells appear as "ghost"
cells while cells with Hb F stain
varying shades of pink.

» Useful way to differentiate between
pancellular HPFH and heterocellular
HPFH.



Kliehauer Test For Hb F.

e Used to detect the presence of Hb F (fetal
hemoglobin).

* RBCS on a slide are stained to detect the
presence of Hb F.

» Can distinguish hetrocellular HbF from
pancellular HbF seen in HPFH.
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Modified Betke Method for the Estimation of
Hb F Principle

e To measure the percentage of Hb F in a
mixture of haemoglobins & sodium
hydroxide is added to a lysate and, after
a set time, denaturation is stopped by
adding saturated ammonium sulphate.The
ammonium sulphate lowers the pH and

precipitates the denatured haemoglobin.

» After flltration, the quantity of undenatured (unprecipitated)
haemoglobin is measured. The proportion of alkali-
resistant (fetal) haemoglobin is then calculated as a
percentage of the total amount of haemoglobin

present.



Hb F control & range
* A normal and a raised Hb F control should be
tested with every batch of samples.

e The raised Hb F control should ideally
contain between 5 and 15% Hb F, and this
can be prepared from a mixture of cord

and adult blood.

» Each laboratory must verify its own normal
range, which should not differ signiflcantly from
published values;

 for adults the range is 0.2-1.0%.
e minor thal (2-10%)
e beta major thal ( 40- 90%)
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Routine Chemistry Tests

e Indirect bilirubin elevated In
thalassemia major and intermedia.

o Assessment of iron status, total iron
binding capacity, and ferritin level
iImportant in differentiating thalassemia
from iron deficiency anemia.



Other Special Procedures

e Globin Chain Testing - determines ratio
of globin chains being produced.

e DNA Analysis - Determine specific
defect at molecular DNA level.



Differential Diagnosis of Microcytic,
Hypochromic Anemias

RDW Serum lron TIBC Serum FEP
Ferritin

Iron Deficiency Inc Dec Inc Dec Inc
Alpha Thal Norm Norm Norm Norm Norm
Beta Thal Norm Norm Norm Norm Norm
Hb E Disease Norm Norm Norm Norm Norm
Anemia of Norm Dec Dec Inc Inc
Chronic Disease
Sideroblastic Inc Inc Norm Inc Dec
Anemia
Lead Poisoning Norm Norm Norm Norm Inc




Automated cation-exchange HPLC

Automated cation-exchange HPLC is being used increasingly
as the initial diagnostic method in haemoglobinopathy
laboratories with a high workload. Both capital and consumable
costs are higher than with haemoglobin electrophoresis. But
labour costs are less; overall costs may he similar.

In comparison with haemoglobin electrophoresis, HPLC has four
advantages:

1. The analysers are automated and thus utilise less
staff time and permit processing of large hatches.

2. Very small samples (5 landa) are sufflcient for analysis;
this is especially useful in paediatric work.

3. Quantification of normal and variant haemoglobins
IS available on every sample.

4. A provisional identiflcation of a larger proportion
of variant haemoglobins can be made.



HPLC Principle.

e Cation-exchange HPLC can be preformed on an

automated instrument that can quantify Hb A2, Hb F
Hb A, Hb S,and Hb C.

 Studies show equivalence or superiority over
electrophoresis in terms of identification of variant
haemoglobins and quantification of HbA2 level.

* Negatively charged carboxyl molecules bound to
silica make up the cartridge matrix.
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HPLC Disadvantages.

* Hbs may co-elute or may elute before instrument
peak integration.

e HbE, HbOsu Christianbourg, and HbG
Copenhagen co-elute with Hb A2, making
quantification impossible when these variants
present.

e The measurement of Hb A2 is complicated
in individuals with Hb S because the Hb A2
is falsely increased by the presence of Hb S
adducts.



HPLC Disadvantages (2).

e Capillary zone Electrophoretic method can be used
to quantify Hb A2 in the presence of Hb S by
eliminating interference from these adducts.

e Interference can also be eliminated by the use of
micro anion-exchange column methodology.

» Integration errors can result in false decreases in
the values obtained, although this can be minimized
by applying known corrections.



HPLC Disadvantages (3).

* Haemoglobinopathies cause
inappropriately high HbA | c (HbNiigata,
HbSherwood Forest, HbRambam, HbRaleigh).

e The presence of a structural Hb variant

may adversely affect the measurement
of HbAIC.



HPLC Strengths.

» Method of choice for screening for Hb
variants; for quantification of HbA2 + HbF

concentrations and mandatory in neonatal
screening.

e Quicker and more sensitive than standard
techniques for detecting HbF (in diagnosis of
HPFH and monitoring sickle cell anemia).

* Indeed alkaline gel electrophoresis cannot
detect HbF in healthy adults or those with
marginally increased Hb F.



HPLC Strengths (2).

e Can be used to characterize rare
haemoglobinopathies not well detected with
other methods (HbRambam).

e Established role in the diagnosis of
thalassaemia and haemoglobinopathies,
including with cord blood samples.



HPLC Strengths (3).

e HPLC should be the primary method for
detecting variant hemoglobin's and

simultaneous quantitation of HbA2 and
HbF.

e This replaces three separate methods:

- Haemoglobin electrophoresis.
- Quantitation of HbA2.
> Quantification of HbF).






Sickle Solubility Tests.

e Works on principle that HbS is insoluble in
deoxygenated state forming crystals that refract
light and cause the solution to be turbid.

e Detects HbS at conc.> 20% and
differentiates HbD and G which
migrate with Hb S on cellulose acetate
electrophoresis at alkaline pH.

* Positive results are also obtained on samples
containing both HbS and beta globulin
mutations.



Sickle Solubility Tests (2).

e False positives can occur in

leukocytosis, hyperprotienemia and
unstable hemoglobin states.

e False negatives can occur in patients

with anemia or if outdated buffer is used and
in infants less than 6 months.

e All results must be confirmed by the
more accurate HbEP or HPLC.



Immunoassay For Variant Hemoglobin.

e Kits are available for the
immunoassay of HbS, C, E and A.

e Detect the appropriate hemoglobin down
to 5 — 10%.

e These cards however can be unreliable
with intermittent failure of the method.



MCH (pg) Femtin Haemoglobin Interpretation
electrophoresis

Mormal Mormal Thalassaemia unlikelvy but one
=27 gene deletion o-thalassaemia not
excluded
Mormal HbS present Carmier for sickle cell disease
Lo Mormal Reduced iron stores or iron

deficiency, thalassaemia unlikely
but one gene deletion o-
thalassasmia not excluded

HbA, increased Carmier for p-thalassaemia
HbF increased
Mormal HbA, norma Carrier for c-thalassaemia
HbH present
HbS present Carrier for sickle cell disease
<27 Possible co-existent thalassaemia

carrier state

MNormal Possible carrier for o-
thalassasemia
DMA testing indicated

=27 Lo Mormal lron deficiency
Thalassaemia may coexist
If worman is pregnant,
seek advice about DMNA
testing; test partner for full
hasmoglobinopathy screen




DNA Analysis.

 |Indicated when the hemoglobinopathy not
confirmed by other methods or when the
underlying mutation important to management.

e Other techniques lead to a presumptive
identification of the hemoglobinopathy only.

* For genetic counseling defining the particular
mutation or deletion is often required — this is
achieved by a variety of molecular techniques.



DNA Analysis (2).

e DNA from WBCs, amniocytes, or chorionic
tissue may be utilized for diagnosis of various
and [ globin chain abnormalities.

* Southern blot hybridization using restriction
enzymes digesting labeled complementary
probes define deletional mutations in o and
rare 3 thal.

e PCR amplifies globin genes and utilizes allele
specific primers to detect known globin chain
mutations eg HbS, E, D, O + several 3 thal.



DNA Analysis (3).

e PCR can be used to detect unknown
mutations.

e Aims to separate amplified DNA on gels or
with HPLC on the principle that different
amino acids migrate differently.

3 primary methods

e |-mutation analysis,
e 2-DNA scanning
e 3- DNA sequencing.



Mutation Analysis (2).

e [n HK there are |5 common non deletional
alpha gene defects and 23 common beta thal
mutations.

e HK mutations involve single base mutations
and can be simultaneously tested for by
printing relevant oligonucleoties onto slides.

e This allows for mass screening.



DNA Scanning.

e Useful when screening large DNA segments or
exons for nucleotide changes is necessary due to
the possibility of many different mutations.

e Can dissect a gene into discrete fragments eg 500
bp in size allowing mutations to be found in large
genes.

e Uses techniques such as SSCP (single stranded
conformation polymorphism) and DGGE
(denaturing gradient electrophoresis).



DNA Scanning (2).

e Denaturing HPLC is most common and based on
different melting temps of hetroduplexes and
homoduplexes which can be separated by EP.

* Any putative mutations must be confirmed by
DNA sequencing to distinguish mutations from
neutral polymorphismes.

* Hemoglobin genes are relatively small (1.6 kb with
3 exons) and DNA sequencing is increasingly
accessible hence scanning is less frequently used.



DNA Sequencing.

e DNA sequencing is now standard practice for
looking for mutations in the beta and alpha globin
genes.

¢ Indicated if mutations are not detectable with the
oreliminary screening and in difficult cases eg N
HbA?2 beta thal or silent beta thalassaemia.

e Difficult cases best delineated by direct gene
sequencing because a number of causative
mutations result in the observed phenotype.



DNA Sequencing (2).

e In beta thalassaemia there can be normal
HbA2 so if the mutation absolutely needs to
be excluded, DNA sequencing is preferred.

e Entire sequence of both o genes and
most of the B globin gene can be
sequenced with four primer sets.

* Dye primers or fluorescently labeled
MI3 primers are used to initiate
elongation.



DNA Sequencing (3).

 In heterozygous thal DNA sequence will show a
mutated gene and normal nucleotide base =» easy
to miss the mutated gene.

e Overcome by sequencing forward and reverse
strands but still necessary to visually inspect the
sequence =» tedious and source of error.

e Becoming cheaper and more accessible, as
software is developed to assist in sequence
analysis.
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G GGANCTGGCGTGCTGTGCTGAGGA PTCCPCAGCACAGCACGCCACTTCCC
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DNA sequencing trace (a) forward primer, (b) reverse primer. In the reverse primer it is
clear on visual inspection that there is a point mutation with both G and C being present.

The forward sequence, when it has been magnified, shows a small “blip” representing
the mutant C base under the normal G sequence.
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