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ABSTRACT:
BACKGROUND:
The Philadelphia-negative classical chronic myeloproliferative neoplasms are characterized by
proliferation of one or more cell lines in the bone marrow and increased number of mature and
immature cells in the peripheral blood. These myeloproliferative neoplasms include; polycythemia
vera, essential thrombocythemia and idiopathic myelofibrosis, in which JAK2V617F is by far the
most prevalent mutation. Because of the rapid turnover of cells in these neoplasms, derangement in
the serum levels of vitamin B12 and folate is expected.
OBJECTIVE:
To assess the possible correlation of serum B12 and folate levels with JAK2V617F mutation in
patients with polycythemia vera, essential thrombocythemia and idiopathic myelofibrosis.
PATIENTS AND METHODS:
This case-control study was conducted from December 2012 to December 2013, and enrolled 54
patients, diagnosed as polycythemia vera (36), essential thrombocythemia (6) and idiopathic
myelofibrosis (12), attending Medical City, Baghdad Teaching Hospital. Twenty healthy
volunteers were included as a control group. JAK2V617F mutation status had been reviewed at time
of sampling. The following investigations were done: automated complete blood counts; serum
B12 and folate were measured using the electrochemiluminescence immunoassay.
RESULTS:
The mean levels of serum B12 and folate were much higher in myeloproliferative neoplasm
patients than control group (p-value of 0.028 and 0.004 respectively).
Serum B12 level showed significant difference between polycythemia vera patients with positive
JAK2V617F and negative mutation (p= 0.04), while no significant difference was found for serum
folate level (p= 0.630). Insignificant differences were also found for idiopathic myelofibrosis
patients (B12, p= 0.140; and serum folate, p= 0.098), and essential thrombocythemia patients (B12,
p= 0.133; and serum folate, p= 0.800).
Correlations of serum folate and B12 with hematocrit, white blood cell count, absolute neutrophil
count, platelet count, mean cell volume, and mean cell hemoglobin in myeloproliferative neoplasm
patients: significant correlations were only found in PV patients between B12 and total white blood
cell count, absolute neutrophil count and platelet count (p= 0.009, 0.012 and 0.002 respectively).
CONCLUSION:
There is derangement in the levels of serum B12 in patients with polycythemia vera in relation to
JAK2V617F mutation, thus we may propose that this mutation may have a possible impact on
polycythemia vera patients, in particular, reflected by higher levels of serum B12 through the
associated increase in absolute neutrophil count.
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INTRODUCTION:
Myeloproliferative neoplasms (MPNs) are group
of closely related clonal disorders of hemopoiesis
characterized by proliferation of one or more cell
lines in the bone marrow and increased number
of mature and immature cells in the peripheral
blood. The Philadelphia-negative MPNs
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classically include three disorders; Polycythemia
Vera (PV), Essential Thrombocythemia (ET) and
Idiopathic Myelofibrosis (IMF).(1,2)
Since the discovery of JAK2V617F mutation the
understanding of the pathogenesis of these
disorders has been greatly revolutionized.
JAK2V617F is by far the most prevalent mutation
in Philadelphia-negative classical MPNs; it
occurs in about 95% of patients with PV, in 55%
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of patients with ET and in 65% of patients with
IMF.(3,4)
Because of the rapid turnover of cells in those
disorders derangement in the levels of vitamin
B12 and folate is expected. Normal to high serum
vitamin B12 concentrations have often been
reported in many studies,(5) on the other hand
deﬁciency of folic acid, and vitamin B12, alone
or in combination, have been also reported in
association with MPNs(6) where a true deficiency
of B12 can be masked by an elevated serum
level. In fact some studies have reported that
measurement of homocysteine levels is more
accurate in assessing folate or B12 deficiency in
patients with MPN.(7)
AIM OF THE STUDY:
The current study aims to assess the possible
correlation of serum B12 and folate levels with
JAK2V617F mutation in patients with PV, ET and
IMF.
PATIENTS, MATERIALS AND METHODS:
This case-control study was conducted during the
period from December 2012 till December 2013;
the study enrolled 54 MPN patients attending the
Hematology outpatient clinic of Baghdad
Teaching Hospital, Medical City in Baghdad.
Patients with PV (36) and IMF (12) were
diagnosed according to the criteria of British
Committee for Standardization in Haematology
(BCSH),(8) and 6 patients were diagnosed as ET
according to the Polycythemia Vera Study Group
(PVSG) criteria.(9) In addition; 20 sex and agematched healthy volunteers were included as a
control group. All clinical and laboratory data of
patients had been reviewed at time of sampling
including JAK2V617F mutation ratio.
From each patient 5 ml of blood was aspirated
and collected into K2EDTA-containing tubes for
complete blood counts, and in a plain tube for
serum B12 and folate. Serum was separated

immediately and stored at -80°C till testing within
3 weeks.
Serum B12 and folate were measured using the
electrochemiluminescence
immunoassay
of
Cobas e411 autoanalyzer. The results were
determined via a calibration curve which was
instrument-specifically generated by 2-point
calibration and a master curve provided via the
reagent barcode. Serum B12 normal range
according to the manufacturer’s instruction was
243–894 pg/ml and for serum folate was 4.6–18.7
ng/ml.
Statistical analysis was done using SPSS version
21. Non-parameteric Mann–Whitney U-test was
used to compare continuous data. Spearman's
correlation was used to prove correlations
between continuous data. Exact test was used in
the statistical analysis. P-value <0.05 was
considered significant.
RESULTS:
The current study included 54 patients with the
diagnosis of MPN (32 males and 22 females)
categorized as 36 patients with PV, 6 patients
with ET and 12 patients with IMF. Patients with
PV and IMF were further divided according to
their JAK2V617F state into 2 groups (patients
positive for JAK2V617F and others negative for the
mutation).
The mean serum B12 (pg/ml) among all MPN
patients was 863 + 790, while for control group
was 377 + 94. The mean serum folate (ng/ml) for
patients was 10 + 6, whereas it was 6 + 3 for
control group. When non-parametric Mann
Whitney U test was done to compare B12 and
folate levels between patients and control groups,
a statistically significant difference was found
with p-value of 0.028 for B12 and 0.004 for
folate (Figure 1).
Figure 1: MPN patients and controls mean values
of serum: (A) B12; (B) folate.
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Distribution of serum B12 and folate levels with
JAK2V617Fstatus in MPNs patients:
Of the 36 patients with PV; 33 were positive for
JAK2V617F and 3 were negative. High serum B12
level was only encountered in patients with
positive mutation. Eight out of 36 had low serum
B12, and in 9/36 the level was higher than the
upper normal range while the rest had a normal
level (Table 1).
In patients with positive mutation, serum folate
was low in 4 patients, and high in only 2 patients
while the rest had normal level.
Among 12 patients diagnosed with IMF, 9 of
them were positive for JAK2V617F mutation and 3
were negative. Only 2 patients had a high serum
B12 level and both were among the JAK2V617F

positive group, one patient had a low B12 who
was negative for JAK2V617F mutation.
Serum folate was low in 2 patients one was
positive and the other was negative for
JAK2V617F, whereas it was high in 3 patients all of
them were positive for JAK2V617F.
Six patients, diagnosed as ET, were enrolled in
the study four of them were positive for
JAK2V617F mutation and two were negative.
Serum B12 was low in one patient who was
negative for JAK2V617F and it was high in one
patient who was positive for JAK2V617F.
Regarding serum folate; low level was found in 5
patients four of them were positive for JAK2V617F
and only one patient had a high serum folate and
was negative for JAK2V617F.

Table 1: Distribution of serum B12 and folate levels with JAK2V617Fstatus in 54 MPNs patients.
Serum folate
PV (n= 36)

IMF (n= 12)

ET (n= 6)

Low level
Normal level
High level
Low level
Normal level
High level
Low level
High level

Total
Serum B12
PV (n= 36)

IMF (n= 12)

ET (n= 6)

Low level
Normal
level
High level
Low level
Normal
level
High level
Low level
Normal
level
High level

Total

Correlation of serum folate and B12 with
JAK2V617Fstatus in patients with PV:
When Mann Whitney U test was done to
compare the median serum levels of B12 and
folate between the 2 groups, significant
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JAK2V617F State
Negative
Positive
0
4
3
27
0
2
1
1
2
5
0
3
1
4
1
0
8
46

Total

JAK2V617F State
Negative
Positive
1
7
2
17

Total

0
1
2

9
0
7

9
1
9

0
1
1

2
0
3

2
1
4

0
8

1
46

1
54

4
30
2
2
7
3
5
1
54

8
19

difference was found between JAK2V617F positive
and negative patients with PV for serum B12
with a p-value of 0.040 while for serum folate the
difference was insignificant with p-value of 0.630
(Figure 2).
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p = 0.630

Figure 2:Median levels of serum folate and B12 in patients with PV categorized according to their
JAK2V617F mutation status.

count (PLT) with p-values of 0.009, 0.012, and
0.002 respectively (Table 2). Hematocrit (Hct),
mean cell volume (MCV) and mean cell
hemoglobin (MCH) didn’t show any significant
association. Serum folate displayed no significant
correlation with any of the tested hematological
parameters.

Correlation of serum folate and B12 with
hematological parameters in PV patients:
When Spearman's correlation was used to test for
correlations between serum B12 and folate, and
various hematological parameters; significant
correlations were found between B12 median
level and total white blood cell (WBC) count,
absolute neutrophil count (ANC) and platelet

Table 2:Correlations between B12 and folate, and hematological parameters.
S. B12
S. B12

S.
Folate

Spearman's
correlation*
Sig.(2-tailed)
N
Spearman's
correlation*
Sig.(2-tailed)
N

Hct

WBC

ANC

PLT

MCV

MCH

1

S.
Folate
-.147

.106

.427

.415

.501

-.088

-.122

36

.392
36

.540
36

.009
36

.012
36

.002
36

.611
36

.507
36

-.147

1

.154

.226

.226

.009

-.177

-.062

.392
36

36

.369
36

.186
36

.186
36

.069
36

. 207
36

.734
36

* Spearman's correlation coefficient

Correlation of serum B12 and folate with
JAK2V617F
mutation
and
hematological
parameters in patients with IMF:
When Mann Whitney U test was used to compare
the median serum levels of B12 and folate
between the 2 groups; insignificant differences
were found in patients with IMF positive and
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negative for JAK2V617F mutation with p-values of
0.140 and 0.098 respectively (Figure 3).
When Spearman's correlation was used to test for
correlations between serum folate and B12, and
the different hematological variables (Hct, WBC,
ANC, PLT, MCV, and MCH) no significant
correlation was found with any of these
parameters.
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p = 0.098

p = 0.140

Figure 3: Median levels of serum folate and B12 in patients with IMF categorized according to their
JAK2V617F mutation status.

Correlation of serum B12 and folate with
JAK2V617F
mutation
and
hematological
parameters in patients with ET:
For ET patients; Mann Whitney U test showed
insignificant difference regarding median level of
serum B12 (p= 0.133) and median level of serum

folate (p= 0.800) between patients positive and
negative for JAK2V617F mutation (Figure 4).
Also no significant correlations were found
between the serum levels of B12 and folate, and
various hematological parameters in ET patients.

p = 0.133

p = 0.800

Figure 4: Median levels of serum folate and B12 in patients with ET categorized according to their
JAK2V617F mutation status.

DISCUSSION:
Derangement in the levels of serum B12 and
folate have long been detected in patients with
MPNs. Serum B12 had been included in the
original PVSG work as a minor criterion for the
diagnosis of PV.(10) In this study, the levels of
both serum B12 and folate showed statistically
significant difference when comparing MPN
patients with the control group with p-values of
0.028 and 0.004 respectively. An elevated serum
cobalamin (vitamin B12) level in myeloid
neoplasms is primarily linked to the release of
haptocorrins by the granulocytes and their
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

precursors in these disorders.(11) In the current
study; a significant association was found
between the median serum level of B12 and
JAK2V617F mutational status with p-value of 0.04,
all the patients with high level of B12 were
positive for JAK2V617F. Only three of our PV
patients did not have a positive JAK2V617F and
none of them had an elevated serum B12
indicating that, possibly, patients with JAK2V617F
positive mutation may actually develop a more
rapid proliferation of cells as compared to
negative ones, as the unique valine to
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phenylalanine substitution at position 617 of
JAK2 results in proliferative advantages for
hematopoietic precursors.(12) The significant
positive correlation of raised serum B12 level, in
PV patients in this study, with increased WBC
count, ANC and PLT (p-values of 0.009, 0.012,
and 0.002 respectively) supports this assumption.
For patients with IMF or ET; no significant
statistical association was found between serum
B12 or folate levels and JAK2V617F mutational
status or with the other hematological parameters
although the majority of patients with IMF and
ET had a normal or elevated serum B12. The
small number of patients in both these disorders
could have influenced the results or a genuine
difference in respect to the pathogenesis of these
two disorders might be the reason for this
negative finding.
Many of the previous studies have demonstrated
marginal depletion of B12 or of folate that can
possibly be masked by normal serum levels(13,14)
and many of them advise for the use of serum
homocysteine or methylmalonic acid (MMA) for
accurate assessment of cobalamin content in the
body.(15) In the present study; low level of folate
was found in 4/36 patients with PV and in 2/12
patients with IMF, and 5/6 patients with ET,
while serum B12 was low in 8/36 patients with
PV, 1/12 with IMF and 1/6 patient with ET. The
present study design does not support the
detection of masked deficiencies, therefore no
one can assume that some of the MPN patients
with normal or even high serum levels of B12 or
folate could not possibly harbor a state of
deficiency
reflected
as
raised
serum
homocysteine or methylmalonic acid (MMA)
levels, the latter tests are recommended for the
early diagnosis of B12 deficiency sufficient to
cause neuropathy, even in the absence of
subnormal levels of serum B12 or folate or
before the appearance of anemia.
Some of the MPN patients with normal or even
high serum levels of B12 or folate may have
masked deficiency reflected as raised serum
homocysteine or methylmalonic acid (MMA)
levels which are necessary for the diagnosis of
early deficiencies.
The current study demonstrate a significant
association between serum B12, and JAK2V617F
mutational state but it does not allow to conclude
that high levels of serum B12 can be used as a
reflection of JAK2V617F mutational state. Future
studies including larger number of patients and
measuring other parameters of assessing B12
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

such as MMA and homocysteine are needed to
clarify this issue.
CONCLUSION:
There is derangement in the levels of serum B12
in patients with PV. JAK2V617F mutation may
have a possible impact on PV patients, in
particular, reflected by higher level of serum B12
through the associated increase in WBC count
and ANC.
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