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Molecular Alterations in Hematopathology

• Rearrangements

• Physiologic (antigen receptors)

• Pathologic (translocations)

• Mutations

• Gains/Losses



Pathologic Rearrangements
• Dysregulated normal protein • Chimeric protein with novel 

protein function

Enhancer/promoter Oncogene Chimeric product



Myeloid Neoplasms
• MPN’s

– CML
– PV/ET/PMF

• MDS
• AML



Molecular Methods for Myeloid Testing

• Karyotype
• FISH
• PCR
• Q‐PCR
• Microarray
• Sequencing
• Next Generation Sequencing
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Sequencing (Sanger)



Next Generation Sequencing



Chronic Myeloproliferative Neoplasms

• Chronic myelogenous leukemia
• Polycythemia vera
• Essential Thrombocythemia
• Primary myelofibrosis
• Myelodysplastic syndromes



CML
• 1-2 per 100,000 population

• 1.75:1 male predominance

• t(9;22) – BCR-ABL1

• Nowell and Hungerford – “Philadelphia Chromosome” (der 22)

• Janet Rowley - BCR and ABL1

• Molecular monitoring standard of care



CML
• BCR – Breakpoint Cluster Region
• ABL1 - V-abl Abelson murine leukemia viral oncogene 

homolog 1
• Translocation produces fusion protein with novel 

function
• RT-PCR



BCR‐ABL

e1a2

e13a2
e13a3

e14a2
e14a3

e19a2

ALL p190

CML p210

CML p230



Why test?

• BCR-ABL1 targeted by small molecules

• Monitoring response

• Prediction of relapse



Testing for BCR‐ABL1
• Karyotype

• FISH

• PCR

• RT‐PCR

• Competitive RT‐PCR

• Nested RT‐PCR

• qRT‐PCR



Q‐PCR

PCR Cycle Number

Real-Time PCR for BCR-ABL1 Transcript

Fl
uo

re
sc

en
ce



NCCN Guidelines
From NCCN 2018, qPCR should be
performed:
• At diagnosis
• Every 3 months when responding to therapy. After 

CCyR, every 3 months for 3 years, then every 3-6 
months

• For rising transcript levels (1 log) with MMR, repeat in 
1-3 months



Harmonizing Results
• Median measurement of 30 shared baseline samples 

established as 100% 

• 0.1% is Major Molecular Response

• For example, if median ratio BCR-ABL/control is 0.75, 
MMR = 0.00075

• International Scale defined by these two points



What does an IS do?

• An International Scale helps standardize quantification

• An IS does not improve pre-analytic issues

• An IS does not reduce inherent assay variability

• An IS does improve reporting



Kinase domain mutations 
P = P loop
- ATP-binding site
- ? worst mutations

B = Binding domain
- where imatinib binds

C = Catalytic domain

A = Activation loop
- conformation altered
- affects imatinib binding
- closed: inactive
- open: active

2-10% of patients 
>10% of patients

green
red

> 100 different mutations
Slide courtesy of Dr. Ada, Bagg



MPN
• BCR-ABL1

• V617F of JAK2 (exon 14)

• Calreticulin

• Exon 12 of JAK2

• MPL (5-10% of ET)



Signalling Through the 
Erythropoietin Receptor

JAK2

STAT5

EPO-R



V617F JAK2
• Disrupts “autoinhibitory loop”

• Activating mutation

• Appears as though EpoR is occupied all the time

• Somatic in erythro-myeloid precursors



V617F JAK2
• Single base change eliminates a BsaX restriction 

enzyme site

• PCR followed by digestion and electrophoresis

• Allele‐specific PCR

• Q-PCR



JAK2 Testing
• Aid in confirming diagnosis

• Targeted therapies in trials

• Reclassification of myeloproliferative disorders



JAK2 Assay

Controls



V617F JAK2

PCR Cycle Number

Real-Time PCR for JAK2 Mutation
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JAK2 exon 12

• Small percentage of cases
• Several possible mutations
• PV associated
• Most frequently detected by sequencing



Calreticulin

• Chaperone protein
• Mutated in majority of JAK2 V617F negative, MPL non‐

mutated CMN patients
• Mutations are frequently frameshifts
• All disrupt localization signal
• MPL dependent activation of JAK2
• Detected by PCR/Fragment analysis or sequencing



MPL

• Disruption of autoinhibitory loop of thrombopoietin receptor 
by mutation(s)

• More common in PMF than ET
• 5‐8% of JAK2 V617F negative MPN
• Detected by sequencing, single base extension, allele specific 

PCR



Myelodysplasic Syndromes

• Copy number variations
• ‐5, del 5q, ‐7, del 7q, +8, 11q23 rearrangement (KMT2A), del 

20q
• Most often by FISH
• Moving to array and sequencing
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AML with recurrent cytogenetic abnormalities

t(1;22), t(6;19), t(8;16), inv 3 – all poor prognosis

M4/M5

M4Eo
M3
M2

Prior Class

PoorKMT2A(MLL)-?t(11q23)
GoodCBFB-MYH11inv 16
GoodPML-RARAt(15;17)
GoodRUNX1-RUNXT1t(8;21)

PrognosisGenesTranslocation



Acute promyelocytic leukemia

• Distinguished by Auer rods in cytoplasm of blasts

• DIC in 85%

• Anemia, thrombocytopenia due to blast proliferation



APL
• t(15;17) – PML-RARA
• ATRA responsive
• Multiple breakpoints in PML
• Short, Long, Variant
• PCR, RT-PCR, QRT-PCR, FISH



Variant APL
• t(11;17) – PLZF-RARA

• Not ATRA responsive

• t(5;17) – NPM1-RARA

• ATRA responsive?



AML with Normal Cytogenetics

• Not genetically stable, no gross chromosomal 
abnormalities

• Mutations common

• Many associated with prognosis



FLT3
• FLT3 = FMS-like Tyrosine Kinase 3

• Over-expressed on AML blasts

• ~20-30% of AML cases

• Also on t(15;17) blasts

• Typical mutation is Internal Tandem Duplication (and D835)

• Reduced overall survival

• Controversial in older patients

• Correlates with poor prognosis in younger patients with normal cytogenetics



FLT3
Neg Control

Patient



NPM1
• Nucleophosmin

• Most common mutation in AML with normal cytogenetics 
(~60%)

• Good prognosis

• No effect if FLT3 mutated

• Common insertion



c‐KIT

• Stem cell factor receptor
• Mutated in mast cell neoplasms and AML
• Activating mutations
• D816V is minor criterion for mastocytosis, but other 

mutations are possible
• Often provided as panel of mutations (sequencing)
• Targeted therapies are becoming available



NGS

• Rapidly being adopted for myeloid neoplasms at diagnosis
• Gene panels of 30‐70 genes (median in US of 50 genes)
• Point mutations, indels, copy number (genes, not 

chromosomes), translocations (better by RNAseq)



Papaemmanuil E et al. N Engl J Med 2016;374:2209-2221.

Molecular Subclassification and Overall Survival.



Molecular Testing in Myeloid Neoplasms

• Standard of care
• Diagnosis, monitoring, targeted therapies
• Multiple modalities
• Moving to high throughput methods (NGS and/or array)
• Cost/benefit ratio?



Thank You!

• IAP 2018
• Emory Molecular Diagnostics Lab
• Kevin Fisher MD, PhD ‐ Baylor
• Linsheng Zhang MD, PhD ‐ Emory
• Adrian Box MD, PhD ‐ University of Calgary


