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Figure 7.1 (a) The globin gene clusters on chromosomes 16 and 11. In embryonic, fetal and adult life different
genes are activated or suppressed. The different globin chains are synthesized independently and then combine
with each other to produce the different haemoglobins. The y gene may have two sequences, which code for
either a glutamic acid or alanine residue at position 136 (G, or A,, respectively). LCR, locus control region,
HS-40, see text. (b) Synthesis of individual globin chains in prenatal and postnatal life.
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Figure 7.3 The geographical distribution of the thalassaemias and the more common inherited structural '
haemoglobin abnormalities.
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Figure 7.4 The genetics of o-thalassaemia. Each o
gene may be deleted or (less frequently) dysfunc-
tional. The orange boxes represent normal genes, and
the blue boxes represent gene deletions or dysfunc-
tional genes.







KapTuHa KpoBUM Npu TanacceMum
3

a—npu retepo3nrotTHOMm
HacnegoBaHuUu

© — Npu roMO3UroTHOM
HacrnegoBaHuu




Thalassemia

Normal Thalassemia
Malformed
red blood cell
Red Blood Cell
¢
4 00 |

ot




From: Essential Haematology, 6th Edn. © A. V. Hoffobrand & P. A. H. Moss
FPublished 2011 by Biackwell Pubilishing Lid.

Figure 7.5 o-Thalassaemia: hydrops fetalis, the result
of deletion of all four c-globin genes (homozygous
ol-thalassaemia). The main haemoglobin present is
Hb Barts (y,). The condition is incompatible with life
beyond the fetal stage. (Courtesy of Professor D.
Todd)
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Figure 7.6 (a) o-Thalassaemia: haemoglobin H disease (three «-globin gene deletion). The blood film shows
marked hypochromic microcytic cells with target cells and poikilocytosis. (b) o-Thalassaemia: haemoglobin H
disease. Supravital staining with brilliant cresyl blue reveals multiple fine, deeply stained deposits (‘golf ball’
cells) caused by precipitation of aggregates of B-globin chains. Hb H can also be detected as a fast-moving
band on haemoglobin electrophoresis (Fig. 7.12).
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Figure 7.7 Distribution of different mutations of B-thalassaemia major in the Mediterranean area. IVSI, IVS2
intervening sequences; 1, 6, 39, 110, 745 are mutations of corresponding codons. (Courtesy of Professor A.
Cao.)
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Figure 7.8 Examples of mutations that produce B-thalassaemia. These include single base changes, small
deletions and insertions of one or two bases affecting introns, exons or the flanking regions of the -globin
gene. FS, ‘frameshifts’: deletion of nucleotide(s) that places the reading frame out of phase downstream of the
lesion; NS, ‘non-sense’: premature chain termination as a result of a new translational stop codon (e.g. UAA);
SPL, ‘splicing’: inactivation of splicing or new splice sites generated (aberrant splicing) in exons or introns;
promoter, CAP, initiation: reduction of transcription or translation as a result of lesion in promoter, CAP or
initiation regions; Poly A, mutations on the poly A addition signal resulting in failure of poly A addition and an
unstable mRNA.




Figure 7.9 The facial appearance of a child with
B-thalassaemia major. The skull is bossed with
prominent frontal and parietal bones; the maxilla is
enlarged.



Figure 7.10 The skull X-ray in B-thalassaemia major.
There is a ‘hair-on-end’ appearance as a result of
expansion of the bone marrow into cortical bone.
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Figure 7.11 Blood film in
B-thalassaemia major post-
splenectomy. There are hypochro-
mic cells, target cells and many
nucleated red cells (normoblasts).
Howell-Jolly bodies are seen in
same red cells.
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Figure 7.12 (a) Haemoglobin electrophoretic patterns in normal adult human blood and in subjects with sickle
cell (Hb S) trait or disease, B-thalassaemia trait, B-thalassaemia major, Hb S/B-thalassaemia or Hb S/Hb C
disease and Hb H disease. (b) High performance liquid chromatography. The different haemoglobins elute at
different times from the column and their concentrations are read automatically. In this example, the patient is a
carrier of sickle cell disease.




CepnoBuaHo-
KJIETOYHASA
aHeMMU s

Aminoadd  pro  qlu  glu

Normal f-chain
Base composition  (CT GAG GAG

Base composition ' CCT GIT/G  GAG
Sickle [-chain
Amino acid pro val gl

From. Essential Haematology, 6th Edn, @ A, V, Roftorand & P, A, H. Moss,

Published 2011 by Biackwell Pudlishing Lid

Figure 7.14 Molecular pathology of sickle cell
anaemia. There is a single base change in the DNA
coding for the amino acid in the sixth position in the
B-globin chain (adenine is replaced by thymine). This
leads to an amino acid change from glutamic acid to
valine. A, adenine; C, cytosine; G, guanine; glu,
glutamic acid; pro, proline; T, thymine; val, valine.
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Figure 7.13 B-Thalassaemia
intermedia: magnetic resonance
imaging (MRI) scan showing
masses of extramedullary
haemopoietic tissue arising from
the ribs (arrowed) and in the

paravertebral region (amowed) - Eramy: Egsential Haematology, 6th Edn. © A. V. Hoffbrand & P. A. H. Moss.

without encroachment of the

spinal cord. Published 2011 by Blackwell Publishing Ltd.
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Figure 7.15 Sickle cell anaemia.
(a) Radiograph of the pelvis of a
young man of West Indian origin
which shows avascular necrosis
with flattening of the femoral
heads, more marked on the right
hip, coarsening of the bone
architecture and cystic areas in
the right femoral neck caused by
previous infarcts. (b) Coronal hip
MRI image revealing established
osteonecrosis of femoral heads
bilaterally (yellow arrow) with
crescentric sclerotic margin (blue
dot) as a consequence of sickle
cell. (Courtesy of Dr A. Malhotra.)
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Figure 7.16 Sickle cell anaemia: (a) painful swollen fingers (dactylitis) in a child; and (b) the hand of an
18-year-old Nigerian boy with the ‘hand—foot’ syndrome. There is marked shortening of the right middle finger
because of dactylitis in childhood affecting the growth of the epiphysis.




Figure 7.17 Sickle cell anaemia: medial aspect of the
ankle of a 15-year-old Nigerian boy showing necrosis
and ulceration.




Figure 7.18 Salmonella osteomyelitis: lateral radio-
graph of the lower femur and knee. The periosteum is
irregularly raised in the lower third of the femur.
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Figure 7.19 (a) Sickle cell anaemia: peripheral blood films showing deeply staining sickle cells, target cells and
polychromasia. (b) Homozygous Hb C disease: peripheral blood film showing many target cells, deeply staining
rhomboidal and spherocytic cells.
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CepnoBuaHokneTouHasa bonesHb
npoTekaeT o4veHb TAxeno. O6bIUHO K
NnATUMECAYHOMY BO3pacTy y pebeHka,
HacneaoBaBLIEero oT CBOUX poauTenen
reHbl HbS, nossnswoTca nepsble
reMmonuTuyeckmne Kpmsbl, 6onesHeHHas
NpUNYXNOCTb CTOM, KUCTEW, ronieHen,
CYCTaBOB. JDTW KpPU3bl, BO3HUKAH
HepeaKo Ha (hoHe MHpEeKLUMA, NpoTeKaT
oueHb Taxeno. B Hauane oTMevarTCH
03H00, NoBbILWEHNE TeEMNepaTypbl TeNa,
remMornobuHypus, nporpeccumpytoLlas
aHeEMUSA, 3aTeM MogBseTcs
NKTEPUUYHOCTb BUAUMBIX CITU3UCTbIX
060n10UEK N KOXHbIX MOKPOBOB,
nosbillaeTca ceoboaHasa ppakums
bunmupybuHa cbiIBOpPOTKN KPOBMU,
ypobunmH B Moye n cTepkodbunmnH B
Kane.
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Figure 7.21 The rapid prenatal diagnosis of p-
thalassaemia by amplification refractory mutation
system (ARMS). The father has the common l CD_39 ' lVS|_1 1 0 l
Mediterranean codon 39 (CD39) mutation, the mother

the IVS1-110 G — A mutation. The fetus is hetero-

zygous for the CD39 mutation. CVS, fetal DNA from 4 ) T Bl " b

chorionic villus sampling; F, father; M, mother. A e P e aadasrmencame - AR code iy
(Courtesy of Dr J. Old and Professor D.J. Weatherall.)
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Figure 7.20 Polymerase chain reaction (PCR). The
primers hybridize to DNA on either side of the piece of
DNA to be analysed. Repeated cycles of denaturation,
association with the primers, incubation with a DNA
polymerase and deoxyribonucleotides (dNTPs) results o asaniial Haomalology, Sin an. o ALY
in amplification of the DNA over a million times within 3

ren HBUEE Published 2011 by Blackwell Publishing Lid.
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Figure 7.22 Sickle cell anaemia: antenatal diagnosis
by Ddel-PCR analysis. The DNA is amplified by two
primers that span the sickle cell gene mutation site
and produces a product of 473 base pairs (bp) in size.
The product is digested with the restriction enzyme
Ddel and the resulting fragments analysed by agarose
gel electrophoresis. The replacement of an adenine
base in the normal 3-globin gene by thymine results in
Hb S and removes a normal restriction site for Ddel,
producing a larger 376 bp fragment than the normal
175 and 201 bp fragments in the digested amplified
product. In this case, the chorionic villus sample

(CVS) DNA shows both the normal fragments and the
larger sickle cell product and so is AS. The gel shows
DNA from the mother (M), father (F), fetal DNA from a
CVS, a normal DNA control (AA) and a homozygous
sickle cell DNA control (SS). (Courtesy of Dr. J. Old.)
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Figure 7.23 o’-Thalassaemia: antenatal diagnosis by gap-PCR analysis. The common o’-thalassaemia deletion
mutations are diagnosed using primers which bind to flanking sequences on either side of the deletion break-
point. For the -MED deletion, the primer pair (1 & 2) produce an amplified product of 650 base pairs (bp) in
size. The primers are too far apart to amplify the normal DNA sequence, so a third primer (3) is included that is
complementary to the deleted sequence near one of the breakpoints. This produces a normal fragment of
1000bp. The gel electrophoresis photograph shows the mother's DNA (lane 1, heterozygous), father's DNA
(lane 2, heterozygous), CVS DNA (lane 3, normal) and two homozygous control DNAs (lanes 4 & 5). (Courtesy
of Dr. J. Old.)




BriBona:

= HapyuieHus cTpyKTypbl TeMOITI00MHA SIBIISIIOTCA HanboJiee
pacnpoCTpaHEHHBIMU 3200JIEBAHUSAMHU, OTHOCSAIIIUMUCS K OTUHOYHBIM
nedeKTaM reHOB.

= YHacjeI0BaHHbIE HAPYIICHUSI TeMOITIOONHA

11) CTpyKTypHBIE BapHaHThI TeMOITI00MHA

] 2) CHIXEHHE CKOPOCTH CHHTE3a HOPMAJIbHBIX O- WK B-TIIOOMHOBBIX LIETICH
TAJIACCEMUM, BbI3BAHHBIC JE(EKTHHIM MPOU3BOJCTBOM ITIOOMHA

*TanaccaMusi - 3TO reTepOreHHas rpyIna reHeTHYECKUX PacCCTPONCTB, KOTOpas
BO3HHMKAET B PE3YJIbTATE COKPAICHUS CKOPOCTH CUHTE3a IIEMOYEK o, WK 3.
*CeproBUIHOKIICTOUHAS aHEMUSI — 3TO HACJIEACTBEHHAs TeMOII0OMHONAaTHSI,
XapaKTEepU3YIOIIasICsa CBOCOOPa3HbIM U3MEHEHHBIM KPHUCTAJNTMYECKUM
CTpPOCHHEM O€JIKa TeMOriIo0orHa

= [Ipu COOTBETCTBYIOIIEH TEpPAIIMM MHOTHE JE€TH MOTYT BBIXKUTh U OBITh
3I0POBBIMH, HECMOTPSI Ha TO, YTO OHU HYXKJIAIOTCS B OKU3HEHHOM JICYCHUH.
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