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in codon 12. No significant relationship was not found between age (P = 0.43) and
gender (P = 0.37) and mutations in this gene. No significant relationship was found
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12 (5’-AGACAGTAATGAGTATCTAATGAC-3’).
Each PCR contained 40 ng DNA, 2.5 mM MgCl2,
200 μM dNTPs, 0.5 μM of each primer, 5x Hot
FIREPOL Eva Green qPCR Mix (Solisbiodyne,
Estonia). Duplicate PCRs and the HRM analysis
were conducted on a RotorGene 6000™ real-time
analyzer. The PCR profile was an initial hold at 95
°C for 10 mins, 40 cycles at 95 °C for 15 secs, 58
°C for 30 secs, and 72 °C for 20 secs, followed by
50 °C for 30 secs and then a melt from 70 °C to 95
°C rising at 0.1 °C/secon. Normalization bars were
between 72-75 °C for the leading range and 92-93 °C
for the tailing range.

Results

Sensitivity tests were carried out in triplicate to
ensure the reproducibility of the HRM analysis. The
JAK2 V617F mutation can be easily distinguished
in the normalized melting peaks and normalized
difference curves. In the normalized melting peaks,
the homozygous samples showed sharp, symmetric
melting transitions, whereas heterozygotes had a more
gradual, complex transition. Homozygous mutants
were identified with a Tm shift compared with the
wild-type. In the normalized difference curves, the
melting profile of a wild type control was chosen as
the horizontal baseline, and the relative differences
in the melting of all other samples were plotted
relative to this baseline. The HRM assay was able
to reproducibly distinguish 5% of mutant DNA in a
background of wild-type DNA. HRM was successful
in discriminating DNA samples with a wild type
JAK2 exon 12 genotype from those including an exon
12 mutation, and it correctly identified all positive
samples in this group with no false-positive results.
Direct sequencing of HRM products confirmed the
presence of an exon 12 mutation in these cases when
compared with the titration experiment results.

Discussion

Because this methodology will be affected by the
presence of inheritable polymorphisms, a candidate
region containing JAK2 exon 12 and intron 12 was
selected on the basis of an absence of polymorphisms
in the NCBI database (11).Subsequently, a previously
unreported polymorphism within this region was
identified in 85 out of the 128 tested individuals;
this variation involved the presence or absence of
a penta-nucleotide sequence (position 5,060,2315,060,235) that would significantly affect any HRM
profile. Accordingly, this region was excluded
from the final amplicon (12). Several techniques
have been developed for the detection of JAK2
V617F mutation; however, these techniques have
their disadvantages. DNA sequencing, currently
considered as the gold standard for mutational
analysis because of its ability to identify the specific
DNA-sequence changes, is limited by its high cost
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and low sensitivity (13). Pyrosequencing offers a
sensitive alternative method but requires expensive
equipment. The dHPLC method can detect mutations
sensitively, but it also requires a considerable initial
investment for equipment. ARMS, the most sensitive
method, requires the manipulation of amplified PCR
products. PCR-RFLP is time-consuming and has the
possibility of incomplete digestion causing falsepositive result. For several real-time PCR platforms,
one major disadvantage is the need for expensive
fluorescence-labeled probes (14-16). Mutation
analysis of granulocyte DNA samples from V617Fnegative erythrocytosis patients using sequencing,
allele-specific PCR, and HRM allowed the
assessment of the sensitivity and positive predictive
value of the HRM methodology. Mutations were not
detected by allele-specific PCR or sequencing in
samples scored as wild type by HRM, resulting in
100% sensitivity and 100% positive predictive value
for this methodology in the patient sample set tested.

Reference
1. Baxter EJ, Scott LM, Campbell PJ, et al. Acquired mutation
of the tyrosine kinase JAK2 in human myeloproliferative diseases.
Lancet 2005;365:1054–61.
2. Levine RL, Wadleigh M, Cools J, et al. Activating mutation
in the tyrosine kinase JAK2 in polycythemia vera, essential
thrombocythemia, and myeloid metaplasia with myeloﬁ brosis.
Cancer Cell 2005;7:387–97.
3. Vainchenker W, Constantinescu SN. A unique activating
mutation in JAK2(V617F) is at the origin of polycythemia vera
and allows a new classiﬁ cation of myeloproliferative diseases.
Hematology 2005;2005:195–200.
4. Zhao R, Xing S, Li Z, et al. Identiﬁ cation of an acquired JAK2
mutation in polycythemia vera. J Biol Chem 2005;280:22788–92.
5. James C, Ugo V, Le Couedic JP, et al. A unique clonal JAK2
mutation leading to constitutive signaling causes polycythaemia
vera. Nature 2005;434:1144–8.
6. Kralovics R, Passamonti F, Buser AS, et al. A gain-of-function
mutation of JAK2 in myeloproliferative disorders. N Engl J Med
2005;352:1779–90.
7. Jones AV, Kreil S, Zoi K, et al. Widespread occurrence of the
JAK2 V617F mutation in chronic myeloproliferative disorders.
Blood 2005;106:2162–8.
8. Kr¨oger N, Badbaran A, Holler E, et al. Monitoring of the
JAK2-V617F mutation by highly sensitive quantitative real-time
PCR after allogeneic stem cell transplantation in patients with
myeloﬁ brosis. Blood 2007;109:1316–21.
9. Tefferi A, Thiele J, Orazi A, et al. Proposals and rationale
for revision of the World Health Organization diagnostic criteria
for polycythemia vera, essential thrombocythemia, and primary
myeloﬁ brosis: recommendations from an ad hoc international
expert panel. Blood 2007;110:1092–7.
10. Vardiman JW, Bennett JM, Bain BJ, et al. Myelodysplastic/
myeloproliferative neoplasm, unclassiﬁ able. In: Swerdlow
SH, Campo E, Harris NL, et al, editors. WHO classiﬁ cation of
tumours of haematopoietic and lymphoid tissues. Lyon: IARC
Press; 2008. p. 85–6.

Mohammed Fawziah M. et al. 
11. Lippert E, Boissinot M, Kralovics R, et al. The JAK2V617F mutation is frequently present at diagnosis in patients
with essential thrombocythemia and polycythemia vera. Blood
2006;108:1865–7.
12. Steensma DP. JAK2 V617F in myeloid disorders: molecular
diagnostic techniques and their clinical utility: a paper from the
2005 William Beaumont Hospital Symposium on Molecular
Pathology. J Mol Diagn 2006;8:397–411.
13. Wittwer CT, Reed GH, Gundry CN, Vandersteen JG, Pryor
RJ. High-resolution genotyping by amplicon melting analysis
using LCGreen. Clin Chem 2003;49: 853–60.

Pers M J
14. Herrmann MG, Durtschi JD, Bromley LK, Wittwer CT,
Voelkerding KV. Amplicon DNA melting analysis for mutation
scanning and genotyping: cross-platform comparison of
instruments and dyes. Clin Chem 2006;52:494–503.
15. Pola´kova´ KM, Lopotova´ T, Klamova´ H, Moravcova´ J.
High Resolution melt curve analysis: initial screening for mutations
in BCR-ABL kinase domain. Leuk Res 2008;32:1236–43.
16. van der Stoep N, van Paridon CD, et al. Diagnostic
guidelines for highresolution melting curve (HRM) analysis: an
interlaboratory validation of BRCA1 mutation scanning using the
96-well LightScanner. Hum Mutat 2009;30:899–909.

11

