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What are Molecular Genetic Markers?What are Molecular Genetic Markers?
• Molecular genetic markers are changes in DNA and 
RNA molecules which can cause a disease or influence f
its course.

• Why are molecular genetic markers important to 
hematologists?hematologists?

• Accurate diagnosis
• Prognosis of the diseaseg
• Follow‐up and early detection of relapse
• Choice of the most suitable therapy
• Use of molecular‐targeted therapeutics
Diagnosis and classification of hematologic 
malignancies according to WHO in many cases are notmalignancies according to WHO in many cases are not 
possible without performing molecular diagnostic tests.



C P blCommon Problem

5 cases referred to Jak2 mutation analysis,
Common features:Common features:

Microcytic hypochromic anemia
SchistocytosisSchistocytosis
Moderate to marked thrombocytosis 



BCB stainingBCB staining



Patient HistoryPatient History

• 21 years old man with splenomegaly &21 years old man with splenomegaly  & 
Jaundice since? 
R d CBC i h hi h l ild• Repeated CBC with high normal to mild 
leukocytosis, Normal rbc indecies except  high 

l i d MCHC i hnormal or increased MCHC, without any 
significant rbc abnormal morphology ,

• Referred to hemato‐oncologist colleague for 
follow up

• BM aspiration & biopsy



Molecular Hematology Section
BCR‐ABL p210 Fusion Gene / t(9;22) (q34;q11)BCR ABL p210 Fusion Gene / t(9;22) (q34;q11)

P i Y• Patient: Y……….., 
• Age: 21 y/o Physician: Dr. 
………

• Specimen: EDTA anticoagulated peripheral p g p p
blood

Result: Negative for BCR‐ABL p210 FusionResult: Negative for BCR ABL p210 Fusion 
transcript

• (Sensitivity: 10‐3 to 10‐4)• (Sensitivity: 10 to 10 )



CBCCBC 
• WBC: 11 4 x 109  RBC: 4 73 x 1012   Hb:15 5WBC: 11.4 x 10 ,RBC: 4.73 x 10 ,Hb:15.5 
g/dl , Hct:40%, MCV:84.6 fl, MCH:32.8 pg, 
MCHC:38 8 g/dl RDW:15 3%MCHC:38.8 g/dl , RDW:15.3%

• Normal Leukocyte differential count
E h M h l• Erythrocyte Morphology:
Anisocytosis: slight, Polychromasia:1(+) , 

Spherocytosis: 2(++) , Howell Jolly Body: rare 



PBS of PatientPBS of Patient

Normal Leukocyte differential count
Erythrocyte Morphology:Erythrocyte Morphology:

Anisocytosis: slight, Polychromasia:1(+) , 
Spherocytosis: 2(++) Pincered rbc: FewSpherocytosis: 2(++) , Pincered rbc: Few, 
Howell Jolly Body: rare 



Lab ResultsLab Results

• Reticulocyte: 3 2%Reticulocyte: 3.2%
• G6PD: sufficient

l bi 0 2 / ( 0 33 3)• Haptoglobin <0.24 g/L (RI: 0.33‐1.53)
• Bilirubin, Total:11.3 mg/dl  Direct:0.5 mg/dl
• Normal ALT,AST,ALP
• DAT & IAT: NegativeDAT & IAT: Negative
• Ferritin:971 ng/ml(RI:68‐434)



Osmograph
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• Diagnosis
Myeloproliferative Neoplasm 

tto 
Hereditary SpherocytosisHereditary Spherocytosis



Common TranslocationCommon Translocation

T(15;17) patients Positive
PML‐RARA 158 bcr1 bcr2 bcr3

Positive 38(24%) 23(60.5%) 1(3%) 14(37%)

Three regions of the PML locus are involved 
in the t(15;17) translocation breakpoints: 

intron 6(bcr1; 55% of cases),
exon 6 (bcr2; 5%) and ( ; )
intron 3 (bcr3; 40%)

As a consequence, there are three possible PMLRARA isoforms, referred 
to as long (L, or bcr1), variant (V, or bcr2) and short (S, or bcr3).



QC of Extracted GenomicQC of Extracted Genomic 
DNA/RNA

• Concentration & Purity(1.7‐2.0)
• Electrophoresis (for QC of RNA)
• Internal Control / HKG/
• Ct of Internal Control Gene



The Main ShortcomingsThe Main Shortcomings 

1. Request of molecular tests without considering 
cytomorphology or Lab error 

2. Request of un‐relevant tests due to unawareness 
of molecular tests and its application

3. Request the tests on improper time for example 
after beginning treatment or undefined time



The Main Shortcomings, cont.The Main Shortcomings, cont.
4. Performing tests on improper specimen such as MRD 
monitoring of AML‐M3 on peripheral blood which is less monitoring of AM M3 on peripheral blood which is less
sensitive (1.5 log) than BMA or alternative MRD monitoring 
of CML on PB and BMA

5. Tests on low volume specimen which can cause in false 
negative [one BM aspirate vial (2‐3ml) and one PB vial (20‐
30 ml)]30 ml)]
6. Use of improper anticoagulant or cell culture media that 
may interfere with test procedure

f l b7. Specimen referring to reference lab in improper 
condition especially in RNA – molecular tests , Blood 
sampled on EDTA and stored at room temperature: Bcr‐ablp p
degradradation of about 20% within 24 hours over 50% by 
48hours



The Main Shortcomings, cont.The Main Shortcomings, cont.

8. Pitfalls related to nature of specimen such as very high 
or low leukocyte count in PB specimen
9. Interpretation of result without considering standard 
criteria for response to treatment
10 O d i l l i h li i l d10. Ordering molecular tests without any clinical and 
laboratory data



InterpretationInterpretation
• Molecular assessment by RT‐PCR on regenerationMolecular assessment by RT PCR on regeneration 
after induction has no clinical relevance, because PCR 
positivity at this early time point may simply reflect p y y p y p y
delayed maturation instead of resistance. 

• Therefore, clinicians should refrain from making 
therapeutic decisions on the basis of results at this time 
point. 

• In sharp contrast, results of PCR analyses performed 
after completion of consolidation are relevant to 
d i h l i k i h i di id l idetermine the relapse risk in the individual patient .





Definitions of optimal response, suboptimal response, failure and 
warnings for previously untreated patients with early chronic phase 

l h t t d ith i ti ib 400 d ilcml who are treated with imatinib 400 mg daily.

2010 update: New recommendations are marked in yellow.



Most Common Deficiencies  
Molecular PathologyMolecular Pathology

• In cases where there is no commercially available PT, 
does the laboratory at least semiannually 1) participate 
in external PT, or 2) exercise an alternative performance 
assessment system for determining the reliability of 
analytic testing? [3 9%*]analytic testing? [3.9% ]

• Are temperatures checked and recorded appropriately 
for equipment in which temperature is critical? [3.5%*]q p p

• Is there a summary statement, signed by the laboratory 
director or designee, documenting review of validation 
t di d l f th t t f li i l ?studies and approval of the test for clinical use? 
[3.3%*]
*% of inspections deficiency cited      p y
Deficiencies must be corrected for accreditation.

Gail Vance, MD, FCAP,College of American Pathologists



Thank you, any question?Thank you, any question?


