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We report a novel TaqMan assay for JAK2 V617F
that measures averaged copies per cell in absolute
terms, as opposed to a ratio of mutant to wild-type
alleles. Measurements were obtained by comparing
the JAK2 V617F signal generated by the test samples
to that generated by a set of external plasmid stan-
dards containing the sequence of interest. Specificity
of the assay was demonstrated above 36 cycles of
amplification, and endpoint titration experiments in-
dicated sensitivity down to 0.05% clinical dilutions.
The test measured linearly over a wide logarithmic
range and exhibited good reproducibility. Combina-
tion of this assay with another TaqMan method for
determining cell number allowed identification of 14
cases of myeloproliferative disease with greater than
two copies per cell. Mutational frequency was 68%
among polycythemia vera (n � 44), 59% (n � 37)
among essential thrombocythemia and 46% (n � 13)
among idiopathic myelofibrosis. Levels of the muta-
tion were significantly higher in polycythemia vera
compared with essential thrombocythemia (P �

0.0005) and correlated with the following jointly sig-
nificant variables at diagnosis: PRV-1 , hemoglobin,
white cell count, neutrophil count, and red cell
count, using multiple regression analyses (P � 0.015).
This method should be useful for assessing the rela-
tionship of gene dose to phenotype and possibly for
monitoring therapy. (J Mol Diagn 2007, 9:242–248; DOI:

10.2353/jmoldx.2007.060125)

Classification and management of myeloproliferative dis-
eases is currently hampered by a paucity of etiopatho-
genic understanding and a lack of informative disease
indicators. The occurrence of the JAK2 V617F mutation
has been strongly linked with cases of myeloproliferative
disease and promises improved molecular-based diag-
nosis of these disorders.1 However, it is still unclear why
all patients do not carry the mutation and why there is
phenotypic pleiotropy among those who do. An effect of
mutational dose on disease phenotype has been indicat-
ed,2 and it is possible that this accounts for some of the
biological spectrum at presentation. Other variations in
disease phenotype may potentially be explained by the
presence of activating mutations in other receptor ty-
rosine kinases such as the MPL thrombopoietin recep-
tor.3 To test whether detection and quantitation of the
JAK2 mutation is useful for the management of myelopro-
liferative disease, we have developed a TaqMan-based
assay that reports the absolute number of JAK2 V617F
per cell averaged in a population of cells. Here, we
describe the performance characteristics of the assay
and report JAK2 V617F copy number per cell among
controls (n � 18) and among individuals referred for
hematological assessment (n � 147) with possible my-
eloproliferative disease.

Materials and Methods

Patients

Individuals (n � 147) who had been referred for clinical
assessment with suspected or previously diagnosed my-
eloproliferative disorders to the Department of Hematol-
ogy at Pathwest in Western Australia were enrolled in the
study. The study included 38 individuals with polycythe-
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mia vera (PV), 37 individuals with essential thrombocy-
themia (ET), and six with idiopathic myelofibrosis (IMF),
diagnosed according to the World Health Organization
criteria.4 Samples from deidentified healthy controls (n �
18) were obtained from the Red Cross Blood Bank.

Granulocyte Preparation, DNA and RNA
Extraction, and cDNA Synthesis

Blood sampling was performed after informed consent
either at diagnosis or during the follow-up. Granulocytes
were separated by differential centrifugation using a den-
sity gradient (Polymorphprep; Axis Shield, Oslo, Norway),
starting from 30 ml of peripheral blood collected in eth-
ylenediaminetetraacetic acid within 24 hours from sam-
pling. When necessary, contaminating red cells were
removed by hypotonic lysis. Cell pellets, which contained
�98% of granulocytes by visual inspection of cytospins,
were extracted for DNA or RNA using the QIAmp DNA
Blood Mini kit (Qiagen, Valencia, CA) and RNeasy Mini kit
(Qiagen), respectively, both according to the manufac-
turer’s protocol. Concentrations were determined using
NanoDrop technology (Biolab, Auckland, New Zealand).
cDNA was reverse transcribed starting from 100 ng of
RNA with oligo dT primers using Omniscript reverse tran-
scriptase (Qiagen) according to the recommended pro-
tocol. For three patients with high granulocytic mutational
load, we also measured mutational load from CD14� or
CD3� cells using immunomagnetic beads (Invitrogen,
Perth, Australia).

Quantitative Determination of JAK2 V617F by
TaqMan

A polymerase chain reaction (PCR) assay using TaqMan
(fluorescence-based, real-time PCR) and minor groove
binding probes was designed for the specific and quan-
titative determination of DNA copy number of JAK2
V617F in clinical samples. The 7700 Sequence Detection
System (ABI, Melbourne, Australia) amplifies and moni-
tors an increase in fluorescence generated by binding of
the allele-specific probe during the PCR cycle. In the
intact probe, the quencher absorbs fluorescence emitted
by the reporter. The 5� nuclease activity of the polymer-
ase degrades the hybridization probe during replication,
thereby releasing the reporter and producing an increase
in fluorescent emission. The point at which the fluores-
cent signal rises above the background, or the crossing
threshold (Ct), is directly proportional to the input DNA
and is thus a measure of the starting template. The test
uses a forward primer that has been designed with de-
liberate mismatches to specifically amplify the mutant
sequence.

Twenty nanograms of DNA was added to MicroAmp
Reaction Plate (ABI) tubes containing 20 �l of reaction
mix. The working master mix contained 5 pmol of mutant-
specific forward primer 5�-AGCATTTGGTTTTAAATTAT-
GGAGTATaTT-3� containing a deliberate mismatch and 5
pmol of non-allele-specific reverse primer 5�-CAAAAA-

CAGATGCTCTGAGAAAGG-3�, 2� Taqman Universal
Master mix [containing heat-activated AmpliTaq Gold
DNA polymerase, AmpErase uracil-N-glycosylase for
carryover prevention, dNTPs with dUTP, Passive Refer-
ence dye (Rox), and buffer components; ABI], and 5
pmol of a 5-carboxyfluorescein (FAM) fluorescently la-
beled probe specific for the reverse strand of the mutant
allele, 5�-fam-ctccacagaaacatactc-3�.

JAK2 V617F amplifications were performed using the
following cycling conditions. One cycle at 50°C for 2
minutes of incubation was performed for activation of
AmpErase uracil-N-glycosylase, followed by a 10-minute
incubation at 95°C for amplification of AmpliTaq Gold,
then 40 cycles of denaturation at 95°C (15 seconds), and
an annealing/extension step at 60°C for 1 minute. Reac-
tions were kept on hold at 4°C. All samples and stan-
dards were run in triplicate.

Copy number for JAK2 V617F was calculated in abso-
lute units by comparing the signal generated by the test
samples to that generated by a set of external plasmid
standards containing the sequence of interest. The stock
plasmid standard was created by ligating a PCR product
containing the JAK2 V617F sequence into a plasmid vec-
tor system (Zero Blunt Topo; Invitrogen, Carlsbad, CA)
according to the manufacturer’s protocol. The amount of
plasmid DNA was determined by spectrophotometric
analyses of the insert-containing plasmid DNA at A260 (1
optical density � 50 �g/ml plasmid DNA), and the copy
number per milliliter was determined based on molecular
weight. Dilutions of the plasmid ranged from 10 to
300,000 copies per reaction, and quantitative determina-
tion for clinical samples was determined by reading from
this standard curve.

Quantitative Determination of Cell Number by
TaqMan

The number of cells per reaction was determined in a
separate real-time PCR reaction using a previously vali-
dated assay for measuring the number of copies of a
single-copy region of the human growth hormone gene
(HGH).5,6 Quantitative amplification of this highly con-
served region of the nuclear-encoded human growth hor-
mone gene used primer sets and probes designed using
Primer Express software (ABI) according to primer de-
sign guidelines. The reaction used forward primer 5�-
TATCCCAAAGGACAGAAGTATTCATT-3� and reverse
primer 5�-TTGTGTTTCCCTCCCTGTTGGA-3� to amplify a
141-nucleotide product. The fluorophore-labeled probe
used was VIC-ACCTCCCTCTGTTTCTCAGAGTCTATTC-
CGACA-quencher TAMRA-3�.

Amplification of the HGH product was performed sep-
arately to the JAK2 V617F assay using another aliquot of
the same DNA and using cycling conditions identical to
that of the JAK2 V617F assay. Each 20-�l reaction con-
tained 20 ng of DNA, and the final concentration of each
component was as follows: 2.5 pmol of probe, 40 pmol of
forward primer, 40 pmol of reverse primer, and 2� Taq-
man Universal Master mix (ABI). All samples and stan-
dards were run in duplicate. Determination of the HGH
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copy number was similar to that of the JAK2 V617F assay,
in that known dilutions of a plasmid containing the HGH
sequence of interest were measured to generate a stan-
dard curve, from which quantitative determination of HGH
copy number in clinical samples could be made. The
number of cells per reaction was calculated by dividing
HGH copy number by 2, based on every nucleated cell
carrying two copies of the HGH sequence.

Quantitative Determination of JAK2 V617F per
Cell

Determination of JAK2 V617F per cell was achieved by
normalizing JAK2 V617F per PCR reaction (20 ng of input
DNA) to cell number per PCR reaction (20 ng of input
DNA). Because the measured fluorescence in the quan-
titative PCR assay is directly proportional to the (base 10)
logarithm of the initial DNA content in the sample, results
were expressed and analyzed in logarithmic form.
Hence, calculations of JAK2 V617F/cell from the JAK2
V617F and nuclear quantitative PCR assay results used
the formula log10JAK2 V617F DNA/cell � log10JAK2
V617F DNA � log10nDNA � log100.5. Final results were
reported in logarithmic form as copies of JAK2 V617F per
cell (or per 20 ng of input DNA).

Detection of JAK2 V617F by Sequence Analysis

To confirm the specificity of the real-time quantitative
PCR for the G to T mutation, paired samples (n � 17) of
granulocyte and lymphocyte populations were analyzed
by sequencing reaction. Amplifications for 40 cycles
used Platinum Taq polymerase (Invitrogen), 2 mmol/L
MgSO4, and 10 pmol each of sense and antisense prim-
ers (forward primer 5�-TGTAAAACGACGGCCAGTATC-
TATGTCATGCTGAAAGTAGGAGAAAG-3� and reverse
primer 5�-CAGGAAACAGCTATGACCCTGAATAGTCC-
TACAGTGTTTTCAGTTTCA-3�). PCR sequencing reac-
tions used Big Dye terminator chemistry and M13 reverse
primer and forward primer 5�-ttccttagtctttctttgaagc-3�.
Products were resolved on an ABI Prism 3730 48 capil-
lary sequencer. Typing for the mutation in JAK2 exon 12
was made with alignment of test sequence to a reference
sequence in GenBank (accession NM_00497215) using
Conexio software (Perth, Australia).

Dilution Method for Determining Sensitivity of
JAK2 V617F Assay

DNA from an individual with polycythemia vera carrying
1.8 copies of the JAK2 mutation per cell as determined by
our assay was diluted with DNA from a healthy control to
provide mixtures of 100, 95, 80, 50, 20, 5, 1, 0.5, and
0.05%. Taqman JAK2 V617F measurement of duplicate
dilutions was performed and used to assess the sensitiv-
ity of the assay to detect dilutions of the mutation.

Dilution Method for Determining Specificity of
JAK2 V617F Assay

DNA (sample A) from a healthy control carrying 0.007
copies of the JAK2 mutation per cell as determined by our
assay was diluted with DNA (sample B) from another
healthy control carrying 0.006 copies of the JAK2 muta-
tion per cell to provide mixtures of 100, 75, 25, and 0%.
Similar dilutions of sample A were generated with distilled
water instead of DNA. TaqMan JAK2 V617F measure-
ment of triplicate dilutions was performed and used to
assess the specificity of the assay.

Quantitative Determination of PRV-1
Overexpression by TaqMan

Neutrophil PRV-1 expression levels were quantified sim-
ilarly to the method described by Klippel et al7 using
TaqMan and glyceraldehyde-3-phosphate dehydroge-
nase as the housekeeping gene. PRV-1 was amplified
from cDNA using 20 pmol of forward primer 5�-CTGCGT-
GGCCCAACCTT-3� and reverse primer 5�-GCAGAGAA-
GATCCCGATTTGTCT-3� and detected using 3.5 pmol of
a FAM-labeled probe 5�-CCAGCTTCTTGTTGAAC-3� in a
20-�l reaction with 2� Universal PCR Master Mix (ABI)
using real-time quantitative PCR on the ABI 7700 SDS.
Amplification was performed in triplicate samples in a
two-step cycle (denaturation, 95°C for 15 seconds, an-
nealing/extension at 62°C for 60 seconds) for 40 cycles.
Data collected during cycling were analyzed with the
FAM threshold set at 0.05.

Each glyceraldehyde-3-phosphate dehydrogenase re-
action used another aliquot of the same cDNA and con-
sisted of 20-�l reactions with 2� Universal MasterMix
(ABI) and 20� glyceraldehyde-3-phosphate dehydroge-
nase premix control reagent (ABI). Reactions were per-
formed in triplicate, as for the PRV-1 assay. Data col-
lected during cycling were analyzed with the VIC
threshold set at 0.05. A mean Ct value for each triplicate
measurement was calculated. The PRV-1 Ct ratio for
each sample was calculated from the mean value of
triplicate PRV-1 Ct determinations divided by the mean
glyceraldehyde-3-phosphate dehydrogenase Cts.

Results

The JAK2 V617F assay was measured linearly over five
log10 dilutions of the plasmid standard and demon-
strated sensitivity to 0.05% clinical dilution (Figure 1a).
Fluorescent detection of 20 ng of undiluted input tem-
plate DNA from controls (n � 18) was detectable only
after 35 cycles of amplification. To test whether fluores-
cence occurring after 35 cycles was an artifact of the
assay arising from nonspecific priming, we diluted DNA
from a healthy control (sample A) in water and also in
DNA from another control (sample B). As shown in Figure
1b, triplicate measures of different dilutions showed a
poor relationship with mutational load, suggesting that
nonspecific amplification occurs after 36 cycles of PCR.
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An optimally efficient PCR reaction yields a slope of
�3.3 on the standard curve, with the y intercept values
(theoretical value for detection of one template molecule)
between 36.1 and 45.99. Assessment of our assay per-
formance over 15 runs showed that the efficiency of
amplification was 98%, with a slope of �3.29 (mean
value; range, �3.16 to �3.46). Average y intercept was
40.4 with a SD of 0.6. The correlation coefficient (r2 value)
of standard curves was 0.97 overall, with a range of 0.94
to 0.99. Precision (coefficient of variation of replicate
values of the crossing threshold) was relatively constant
across dilutions (ranging from 0.8 to 2.2% and not asso-
ciated with concentration) for clinical samples and for the
plasmid stock. Intra-assay precision (averaged over
runs; n � 15), as assessed by determining the coefficient
of variation of all triplicate measurements within an assay
averaged 1.4% for samples, 1.8% for a positive control,
and 1.1% for a negative control created by pooling DNA
from all healthy controls. Interassay variation (based on
the coefficient of variation of log10 values; n � 15 assays)

was 4% for the positive control and 25% for the negative
control.

Samples of DNA from paired granulocyte (n � 17) and
lymphocyte (n � 17) preparations were sequenced for
semiquantitative detection of the mutation. All lympho-
cyte DNA failed to demonstrate the mutation by sequenc-
ing. The assay showed 100% concordance with se-
quence-based typing for detecting the presence of the
mutation in granulocyte DNA samples with at least 0.08
copies per cell (n � 14). Three samples of granulocyte
DNA with low mutational load showed no mutation by
sequence-based typing, presumably because of limita-
tions in assay sensitivity.

Quantitative determination of JAK2 V617F in mono-
cytes and granulocyte preparations were similar for three
individuals with high levels of the mutation. Measure-
ments in lymphocyte fractions were just above those
observed in healthy controls, presumably because of
contamination by the myeloid lineage (data not shown).
Amplifications in the granulocyte fraction occurred 11 to

Figure 1. a: Specificity versus sensitivity. The assay demonstrated
sensitivity to 0.05% clinical dilution. Determining the specificity of
the assay is hampered by the fact that it is not known whether
healthy controls carry low levels of the mutation. However, we can
say that amplification of the mutation in controls occurred only after
the number of cycles required to detect a 0.05% dilution of the
positive sample. b: Measurement of JAK2 V617F copies per reaction
in mixtures of DNA from two healthy controls demonstrated a poor
relationship between crossing threshold values and dilutions of
DNA in water (right) and in DNA from other control sample (left),
suggesting nonspecific amplification.
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12 cycles before detectable amplification in the lympho-
cyte fraction, indicating good discrimination between am-
plification of mutant wild-type alleles.

Variation in JAK2 V617F copies per cell among indi-
viduals referred for mutational typing and among 18 con-
trols is given in Figure 2. We observed a strongly bimodal
distribution of the data for cases that grouped lower
levels of mutation in the healthy controls and a number of
the cases separately from logarithmically higher levels of
mutation in a subset of the cases. Restricting to values
that fell in the higher half of this bimodal distribution,
mutational load was significantly increased among cases
of PV compared with ET (P � 0.001). A small number of
cases of IMF (n � 7) showed increased mutation load
compared with cases of ET (P � 0.001). The frequency of
the mutation, based on assigning the occurrence of the
mutation to cases with mutation load above the threshold
defining the bimodal distribution is given in Figure 2 and
was within previously reported ranges.

For 13 cases with PV and one case with ET, we mea-
sured more than two copies of JAK2 V617F per cell. Of

these 14 individuals, only two had cytogenetic data that
did not identify chromosomal abnormalities. These pa-
tients tended to have grossly hypercellular bone mar-
rows, and most were being treated with hydroxy urea.

Clinical associations with occurrence of JAK2 V617F
(based on assigning occurrence of mutation to levels of
mutation load in the higher bimodal distribution) among
myeloproliferative disease (MPD) cases (n � 93) of PV,
ET, or IMF that we detected were restricted to increases
in white cell and neutrophil counts at diagnosis and on
treatment (Table 1).

Multiple regression analyses identified jointly signifi-
cant (P � 0.015) variables at diagnosis as PRV-1, hemo-
globin, white cell count, neutrophil count, and red cell
count. These variables were also significant in univariate
analyses with the exception of PRV-1 overexpression,
which required adjustment of other variables before
reaching significance. Although platelet count was sig-
nificantly negatively associated with mutational load in
univariate analyses (P � 0.001), this significance was lost
after accounting for other variables (Table 2).

Discussion

The aim of the current study was to develop and validate
a method for measuring the number of JAK2 V617F mu-
tations in samples from patients presenting with possible
myeloproliferative diseases. Although there are already a
wide range of molecular-based approaches for achieving
this,8–15 we wished to develop a system that would pro-
vide information of copy number per cell in absolute
terms. In this respect, our assay represents an advance
in providing absolute rather than relative quantitation and
in enabling detection of more than two copies per cell.

Figure 2. Distribution of JAK2 V617F copies per cell among cases and
controls.

Table 1. Clinical Associations with Occurrence of JAK2 V617F Among MPD Cases (n � 93) of PV, ET, or IMF

Laboratory and clinical features V617F present (n � 56) V617F absent (n � 37) P value (Mann-Whitney)

PRV-1 overexpression 0.96 (25) 0.92 (32) 0.272
Hb at diagnosis (g/L) 162 (49) 151 (30) 0.185
WCC at diagnosis (�109/L) 11.4 (14) 8.1 (16) �0.0005
Neutrophil at diagnosis (�109/L) 8.4 (44) 5.5 (25) 0.005
MCV at diagnosis 89 (41) 92 (29) 0.20
RCC at diagnosis (�109/L) 5.7 (43) 5.3 (25) 0.67
Platelets at diagnosis (�109/L) 549 (47) 517 (30) 0.22
Log mtDNA/ cell on treatment 1.8 (34) 1.8 (27) 0.99
WCC on treatment (�109/L) 17 (9) 7 (6) 0.026

The number of data points evaluated for each parameter is reported in parentheses. Hb, hemoglobin; WCC, white cell count; MCV, mean
corpuscular volume; RCC, red cell count.

Table 2. Associations with Levels of JAK2 V617F

Laboratory features at
diagnosis

Spearman rank
correlations

P value
(univariate)

Hemoglobin (g/L) 0.397 0.005
Hematocrit 0.385 0.02
Neutrophil count (�109/L) 0.439 0.003
Platelet count (�109/L) �0.488 0.001
White cell count (�109/L) 0.274 0.06

n � 56 cases MPD� mutation�.
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The precision and efficiency of the PCR is similar to
that attained for real-time PCR quantitation of the Phila-
delphia chromosome (BCR-ABL) transcript,16 and the
method lends itself to high throughput and cheap and
readily available set-up. The sensitivity is favorably com-
parable with pyrosequence and amplification refractory
mutation system-based methods.17–19 The performance
characteristics of the assay presented here seem very
similar to those reported recently15 in which locked nu-
cleic acids are used with molecular beacons to quantify
the mutant allele in a real-time PCR assay, with the nota-
ble exception that in our study, we have shown low-level
detection of the mutation in control samples to be an
artifact of the system.

Mutational load among healthy controls was extremely
low, and as previously stated, we assumed that this rep-
resented nonspecific amplification of the wild-type allele
because of mispriming or the presence of 3�-shortened
mutation-specific primers (because it is only the very
3�-end base that confers specificity and 3�-shortened
primers will amplify from both wild-type and mutant DNA).
Groups using real-time PCR assays have previously re-
ported that nonspecific amplification of a negative allele
occurs after a certain number of cycles,20 and our assay
also does not maintain specificity at these low levels of
detection. For the purpose of diagnosing myeloprolifera-
tive disease, we set a threshold for reporting the pres-
ence of the mutation based on the ability to discriminate
healthy controls from individuals with disease and based
on the ability of the assay to show a linear relationship
with dilutions of the mutation. Using this approach, we
report a mutational frequency that is consistent with pre-
vious publications,8 although lower than might be ex-
pected for cases of PV, given the high sensitivity of the
assay. One possible explanation may relate to differ-
ences in the ascertainment of cases of PV for different
studies.

We chose to measure JAK2 V617F levels in granulo-
cytes in an effort to maximize sensitivity of detection.
However, our data indicate that the assay would easily
detect the presence of the mutation in whole buffy coats,
bone marrow aspirates, or mononuclear populations.

Our study detected an average of more than two cop-
ies per cell in a number of individuals who were diag-
nosed MPD (Figure 2). The veracity of these high muta-
tional loads requires confirmation by an alternative
approach. However, currently, our method is uniquely
designed to detect changes in copy number greater than
two, essentially because it is not based on ratios of wild-
type to mutant alleles. Although probably unlikely, a copy
number of greater than two copies per cell could also be
due to loss of an HGH allele, and confirmation using an
unrelated marker at a different location should be pur-
sued. Despite these limitations, the study provides sup-
porting data for a hypothesis that disease evolution in-
volves further gene duplication associated with genetic
instability. Homozygosity in the JAK2 mutation has been
reported to result from uniparental disomy. However, we
require an alternative model to explain more than two
copies per cell. One possibility is that in-frame internal

tandem duplication occurs, similar to that reported for the
mutation in FLT-3.21

Interpreting the clinical relevance of mutational load to
disease evolution and phenotype variation within the
spectrum of myeloproliferative disorders represents the
next significant challenge. A continuum model22 would
predict significant correlations between clinical pheno-
type and mutational load that extends across current
classifications of essential thrombocythemia and polycy-
themia vera (Figure 3). Our investigation certainly shows
that cross-sectional measures of mutational load are sig-
nificantly different according to disease phenotypes ob-
served in MPD. We also observe a significant positive
relationship between mutational load with PRV-1 overex-
pression and with myeloproliferative markers, consistent
with the findings of Vannucchi et al18 and Lippert et al.23

The Lippert et al group also reported significant correla-
tions between JAK2 V617F levels and leukocyte counts.
However, unlike our study, they did not find that muta-
tional levels at diagnosis were linked with hemoglobin
level, hematocrit level, or platelet counts. Further investi-
gation that accounts for these differences across studies
is therefore required. If, as our data indicate, mutational
load does reflect myeloproliferative aspects of PV and ET
phenotype, then its measurement would provide a useful
tool for monitoring disease progression and for providing
insights into the molecular process of disease. Poten-
tially, this type of assay could be similar to the way that
real-time PCR quantitation of BCR-ABL mRNA in the
blood of patients with chronic myeloid leukemia has be-
come the predominant molecular monitoring technique.
Other studies have indicated that the mutation load is
also correlated with increases in a number of activation
markers of myeloid cells, although exactly how these
cellular activations relate to thrombo-hemorrhagic and
fibrotic complications is still unclear.18,24

Figure 3. Relationship between mutational load and disease phenotype. In
terms of a pathogenic model, our data support a significant relationship
between mutational load and the different disease phenotypes observed in
MPD. Our data have also demonstrated a significant positive relationship
between mutational load and myeloproliferative markers and PRV-1 overex-
pression. Other studies have indicated that the mutation load is also corre-
lated with increases in a number of activation markers of myeloid cells,
although exactly how these cellular activations relate to thrombo-hemor-
rhagic and fibrotic complications is still unclear.
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A next step toward an enhanced understanding of the
pathogenesis of MPD and improvements in MPD man-
agement may involve the development of specific JAK2
inhibitors (as for imatinib for chronic myeloid leukemia). In
this setting, a standardized approach to molecular mon-
itoring with the potential for translation into routine clinical
practice will become increasingly important for evaluat-
ing new therapies.

In summary, the data indicate that the TaqMan quan-
titative JAK2 V617F test provides an attractive approach
for monitoring disease progression, the efficacy of cura-
tive interventions, or early indications of emerging drug
resistance. Further investigation is now needed to deter-
mine whether variation in this measurement can elucidate
the pathogenic mechanism and contribute to clinical
management decisions.
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