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� An explanation of human genetics
� Why do genetic aberrations occur?
� Types of mutations
� Inherited versus somatic mutations
� How do we test for genetic faults? 
� Examples and subsequent consequences of common haematological 

mutations
� Why are some more significant than others and how do we stratify risk 

on this basis? 
� Why do some mutations infer favourable outcome?
� Treatment options
� Future developments
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� Chromosomes
� DNA

transcription
� RNA

translation
� Protein
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� Four bases
� Adenine (A)
� Guanine (G)
� Cytosine (C)
� Thymine (T)



����������������











��
���� �������������������





���������
�����

� Deletion
� Insertion
� Rearrangement
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1. Missense mutations: wrong amino acid 
2. Nonsense mutations: early stop signal
3. Frameshift mutations: wrong reading frame
4. Splicing mutations: no mRNA
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� Inherited propensity for genetic damage
� Drugs
� Radiation
� ??
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� Chromosomes – FISH
� DNA – sequence, polymerase chain reaction
� RNA – northern blot, rt-pcr
� Protein – western blot



46,XY,t(15;17)(q22;q21)

der(15) der(17)
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Vysis BCR-ABL dual colour/dual fusion (DF)

9

der(9)

22

der(22)

ABL
BCR

ABL
BCR

BCR
ABL

Normal 
RRGG

BCR-ABL+ve
FFRG
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CCTGACTCCTGAGGAGAAGTCTG





Genetic evaluation

� RT-PCR
– (reverse transcriptase-polymerase chain reaction)
– Amplifies very small amounts of DNA

– Most sensitive technique
– Now ‘real time’ PCR.

M    1    2     3    4 



Real time quantitative RT-PCR

106

105

104

BCR-ABL plasmid
molecules 

x = 40,000

x

I. Hydrolysis Probes

Release from quenching
by hydrolysis

hn

hn

X

X

TaqManTM

II. Hybridization Probes

Increased resonance energy
transfer by hybridization

hn

hn

X

X

LightCycler TM
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� A 10 year recently moved to the UK is found 
to be anaemic by the GP

� Hb 9.2 g/dl
� WCC 8.6 x 109/L
� Pts 154 x 109/L
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Normal sequence

Hb S heterozygous sequence – GAG to GTG

C C T G A C T C C T G A G G A G A A G T C T G

CCTGACTCCTGAGGAGAAGTCTG
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Alpha thalassaemia South East Asian deletion



aaaa ��
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� The intron 22 inversion 
can be identified by PCR

� Normal: 12/10Kb
� Inversion (male): 11/10kb
� Female carrier:

12/10kb (normal gene)
11/10kb (inverted gene)







Chromosome 
9

Chromosome 
22

ABL

BCR

3’ end
BCR-ABL mRNA transcript

E13a2 (b2a2) or e14a2(b3a2) junction

DD

Y177

P-S/T

(SH2-binding)

Rho-GEF
SH3

SH2
SH1

Y412

DNA-b
indin

g

Acti
n-b

ind
ing

P210 BCR-ABL oncoprotein

Translation

Chronic Myeloid Leukaemia

CML

BCR-ABL on 
chromosome 22

ABL-BCR on
Chromosome 9
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DEPARTMENT OF HAEMATOLOGY
‘U’ FLOOR

TOWER BLOCK
BELFAST CITY HOSPITAL

BELFAST BT9 7AB
REAL TIME PCR FOR bcr/abl

THIS TEST IS CURRENTLY UNDER 
DEVELOPMENT

RESULTS ARE FOR RESEARCH USE ONLY
DATE OF REPORT:
PATIENT:
HOSP NO:
CONSULTANT: DR MC MULLIN

4.52X102 transcripts in 5 � l21.7329.45PBPGX.01.06

4.9X10 transcripts in 5 � l25.9532.82BMX.11.05

SAMPLE NOT EVALUABLEX.08.05

6.52x103 transcripts in 5 � l22.4724.62BMX.06.05

6.18x103 transcripts in 5 � l23.2225.74PBPGX.04.05

3.83x104 transcripts in 5 � l20.6522.16BMX.04.05

1.13X104 transcripts in 5 � l22.9424.46PBPGX.12.04

3.68x104 transcripts in 5 � l20.8623.05BMX.12.04

4.19x105 transcripts in 5 � l21.0520.02PBSCX .08.04

Ct ablCt  
bcr/abl

SAMPLE 
TYPE

SAMPLE DATE

 & '(� )*� %)*+,�&,--.� +�')/)�0+1 ,)
PBSC: PERIPHERAL BLOOD STEM CELL HARVEST
BM: BONE MARROW



ExtracellularExtracellular

JAK2 JAK2 P

STAT

NucleusNucleus

RECEPTORS

Ligand e.g. EPOLigand e.g. EPO

P

PP

STATS DIMERISE STATS DIMERISE 
VIA SH2 DOMAINVIA SH2 DOMAIN

P
P

DNA

NPI-1

PP

STAT

STAT

STAT

STAT Enhanced gene transcription

RASRAS--MAPK PATHWAYMAPK PATHWAY
PIPI--3K PATHWAY3K PATHWAY

Akt PATHWAYAkt PATHWAY

P

SHP2SHP2

SOS SOS

GRB2GRB2

SOCSSOCS��

P

GTPGTP
GDPGDP

INHIBITORY INHIBITORY 
ACTIONS OF ACTIONS OF 
SOCS SOCS 

FEEDBACK FEEDBACK 
INHIBITIONINHIBITION

��

THE JAK STAT PATHWAYTHE JAK STAT PATHWAY -- AN OUTLINEAN OUTLINE
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JAK2 DOMAINS

11 11321132Human Amino Acid 
Sequence



V617F JAK2 mutation

-control

-mutant

-normal

M      1     2      3     4 

M – markers
1 – homozygous wild type
2 – Patient 1 – heterozygous
3 – Patient 2 – heterozygous
4 – Homozygous V617F JAK2 

Patient 
T AT GT GT CT GT

Granulocytes and 
macrophages

Lymphocytes

T AT GT GT CT GT T AT GT GT CT GT

Whole Blood

1849 G® T

T AT GT GT CT GT

Granulocytes and 
macrophages

Lymphocytes

T AT GT GT CT GT T AT GT GT CT GT

Whole Blood

1849 G® T

ARMS-PCR 
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Stem cell

Progenitor cells



22%     (n=9)52%     (n=50)93%     (n=28)Cheung et al

43%     (n=35)41%     (n=59)81%     (n=72)Jones et al

NANA83%     (n=24)Zhao et al

57%     (n=23)23%     (n=93)65%    (n=128)Kralovics et al

43%     (n=7)43%     (n=21)89%    (n=45)James et al

35%     n=46)32%     (n=115)74%    (n=164)Levine et al

50%     (n=16)57%     (n=51)97%     (n=73)Baxter et al

IMFETPV
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MRC data
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A phospho-protein of around 37 kDa that 
shuttles rapidly between the nucleus and 

cytoplasm
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� Replace the abnormal gene
� Replace the protein
� Block the abnormal protein
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STI571 inhibits the binding of ATP 
to ABL tyrosine kinase

p210 tyrosine kinase
p210 tyrosine kinase

Y

Target for phosphorylation

ADPATP

STI571

Y

Target for phosphorylation

ATP
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Clinical non-responder Clinical responder

P-FLT3 P-FLT3

FLT3 FLT3

Day     0     14     28     56 Day    0     14    28     56

0
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0

20

40

60

80

100

Day    0    14     28   56 Day     0        28      56

Ex vivo
bioassay of 

trough plasma 
inhibitory activity

In vivo FLT3 
inhibition

%
 T

F
-1

 F
LT

3 
P

ho
sp
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ry

la
tio

n
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� More drugs against abnormal proteins
� Better gene therapy
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� Types of mutations
� Inherited versus somatic mutations
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mutations
� Why are some more significant than others and how do we stratify risk 

on this basis? 
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