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Abstract

Objective: To analyse the frequency and characteristics of the Janus kinase 2 (JAK2) V617F

mutation in patients with cerebral venous sinus thrombosis (CVST) with thrombocytosis.

Methods: The study enrolled CVST patients with thrombocytosis that had undergone JAK2

V617F mutation detection to determine the frequency of the JAK2 V617F mutation in this

cohort. Correlations between patient demographics, whole blood cell counts, targeted sequenc-

ing results and JAK2 V617F mutation status were determined.

Results: A total of 23 patients were enrolled in the study: 11 (47.8%) with the JAK2 V617F

mutation and 12 (52.2%) without the JAK2 V617F mutation. The mean platelet count was signif-

icantly higher in patients with the JAK2 V617F mutation than in patients without the mutation

(478.1� 107.4� 109/l versus 374.4� 54.1� 109/l, respectively). There were no significant differ-

ences in age, sex, white blood cell count or haemoglobin level between the two groups. Other

than single nucleotide polymorphisms, no hot-spot mutations associated with myeloid tumours

other than the JAK2 V617F mutation were detected in four CVST patients that underwent

targeted sequencing.

Conclusion: The JAK2 V617F mutation was frequently detected in CVST patients with throm-

bocytosis and it was associated with higher platelet counts.
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Introduction

Cerebral venous sinus thrombosis (CVST)
is a rare cerebrovascular disease that can
afflict young people.1 Hereditary or

acquired thrombogenic diseases are one of
the primary causes of CVST in younger
patients.2 Substitution of a valine residue

with a phenylalanine residue at position
617 in the Janus kinase 2 (JAK2) gene,

resulting in the JAK2 V617F mutation, is
among the most frequently detected muta-
tions in blood cells during aging.3,4This

mutation triggers constitutive activation of
the JAK2 gene, which causes aberrant
engagement of downstream signalling path-

ways and results in excessive proliferation
of myeloid cells (e.g. erythrocytosis or
thrombocytosis).3,4 Hence, the JAK2

V617F mutation is considered a high-risk
factor for arteriovenous thrombosis.5

Research suggests that the JAK2 V617F

mutation might exist in patients with
CVST.6 However, the frequency and char-
acteristics of the JAK2 V617F transforma-

tion in CVST patients with thrombocytosis
remain unclear.

This current study analysed the frequen-
cy of the JAK2 V617F mutation in CVST

patients with thrombocytosis and investi-
gated the relationships between this muta-
tion and other patient characteristics,

including age, sex, white blood cell count,
haemoglobin level, platelet count and co-
occurrence of other mutations, to provide

a theoretical basis for the aetiological
study of CVST patients.

Patients and methods

Study population

This study enrolled patients with CVST
with thrombocytosis that had undergone

JAK2 V617F mutation detection in the
Department of Haematology, Xuanwu
Hospital, Capital Medical University,

Beijing, China between August 2018 and
August 2020. The inclusion criteria were
as follows: (i) patients were diagnosed
with CVST; (ii) patients had thrombocyto-
sis of unknown cause with platelet counts
>300� 109/l. The exclusion criterion was as
follows: (i) secondary thrombocytosis of
known cause.

This study was approved by the
Institutional Review Board of Xuanwu
Hospital, Capital Medical University,
Beijing, China. Written informed consent
was obtained from the patients or the
patient’s parent, carer or legal guardian.

Real-time quantitative PCR and targeted
next-generation sequencing analyses

Real-time quantitative polymerase chain
reaction (RT–qPCR) targeting the JAK2
V617F mutation and/or targeted next-
generation sequencing was performed for all
patients. Samples of peripheral blood collect-
ed in tubes containing ethylenediaminetetra-
acetic acid or bone marrow samples were pro-
vided by all patients. DNA was extracted
from the samples using a rapid genomic
DNA extraction kit for whole blood accord-
ing to the manufacturer’s instructions
(DP1802; BioTeke Corporation, Beijing,
China) and stored at –20�C. For the RT–
qPCR, a commercial JAK2 V617F mutation
detection kit (Yuanqi Ltd., Shanghai, China)
was used to determine the JAK2 V617F
mutation status using a quantitative real-
time PCR cycler (Rotor-Gene Q; QIAGEN,
Hilden, Germany). The cycling programme
was as follows: 42�C for 5 min and 94�C
for 3 min, followed by 45 cycles of 94�C for
15 s and 60�C for 60 s. Fluorescence signals
were collected at 60�C in the second step of
the PCR cycle.

Targeted next-generation sequencing
was used to determine variations in DNA
sequences from patients based on a panel of
34 genes commonly involved in myeloid
neoplasms: ASXL1, BCOR, BCORL1,
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CALR, CBL, CSF3R, IDH1, IDH2, JAK2,
KRAS, MPL, NRAS, SF3B1, SH2B3,
SRSF2, TET2, TP53, U2AF1, EZH2,
SETBP1, ETV6, DNMT3A, ZRSR2,
PHF6, FLT3, RUNX1, CEBPA, PIGA,
WT1, PDGFRA, KIT, NPM1, GATA2
and KMT2A. A PCR-based method was
used to undertake target enrichment
(KAPA Library Amplification Kits;
Roche Diagnostics, Mannheim, Germany)
and the mean sequencing depth was
> 1500�. Variants were identified using
Samtools software version 1.3 and the var-
iant allele frequency was calculated as

mutation reads/coverage reads.7,8

Data analyses

The relationships between JAK2 V617F
mutation status, age, sex, white blood cell
count, platelet count, haemoglobin level
and sequencing results were calculated.
The patient cohort was divided into two
groups based on JAK2 V617F mutation
status: a mutation and a non-mutation

group. Differences in age, white blood cell
count, haemoglobin level and platelet count
between patients with and without the
JAK2 V617F mutation were determined.
According to standards and guidelines for

the interpretation and reporting of sequence

variants in cancer, sequence variants were

divided into four categories: strong clinical

significance, potential clinical significance,

unknown clinical significance and benign

or likely benign variants.9

Statistical analyses

All statistical analyses were performed

using GraphPad Prism 8 (Graphpad

Software Inc., San Diego, CA, USA).

Continuous data are presented as mean�
SD and were compared using Student’s t-

test. Categorical data are presented as n of

patients (%) and compared using v2-test
and Fisher’s exact test. A P-value< 0.05

were considered statistically significant.

Results

This study enrolled 23 patients with CVST

with thrombocytosis: 11 (47.8%) with the

JAK2 V617F mutation (mutation group)

and 12 (52.2%) without the JAK2 V617F

mutation (non-mutation group). Of the 11

patients with the JAK2 V617F mutation,

four were male and seven were female

(Table 1). Of the 12 patients without the

JAK2 V617F mutation, three were male

Table 1. Demographic and haematological characteristics of patients (n¼ 11) with cerebral venous sinus
thrombosis with thrombocytosis that had the Janus kinase 2 (JAK2) V617F mutation.

Patient

number Sex

Age,

years

White blood

cell count,� 109/l

Platelet count,

�109/l

Haemoglobin,

g/l

1 Male 26 8.39 434 149

2 Male 23 6.31 355 156

3 Female 28 9.22 402 155

4 Female 42 7.38 405 172

5 Female 46 8.31 666 140

6 Female 28 8.44 484 133

7 Female 74 14.04 609 139

8 Female 52 NA NA NA

9 Female 41 5.66 470 126

10 Male 25 NA NA NA

11 Male 24 NA NA NA
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and nine were female. The mean� SD ages
of onset in the mutation and non-mutation
groups were 37.18� 15.84 years and
27.50� 8.94 years, respectively. There were
no significant differences between the age or
sex distribution between the two groups
(Figures 1a and 1b).

Patients with the JAK2 V617F muta-
tion had a significantly higher mean�
SD platelet count than those without

the mutation (478.1� 107.4� 109/l
versus 374.4� 54.1� 109/l, respectively;
P¼ 0.013; Figure 1c). There were no sig-
nificant differences in white blood cell
counts or haemoglobin levels between
the two groups (Figures 1d and 1e).

Sequence variants in four patients with
CVST that underwent targeted sequencing
are shown in Table 2. With the exception of
the JAK V617F mutation, no other hot-

Figure 1. Comparison of the demographic and haematological characteristics of patients with cerebral
venous sinus thrombosis with or without the Janus kinase 2 (JAK2) V617F mutation: (a) sex distribution; (b)
age distribution with the central black horizontal lines being the mean and the error bars being the SD; (c)
platelet count (PLT); (d) white blood cell (WBC) count; (e) haemoglobin (Hb) levels. For C, D and E, data
are presented as mean� SD. JAK2 V617F(–), without the mutation; JAK2 V617F(þ), with the mutation.
*P< 0.05 between-group comparison using Student’s t-test.
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spot somatic mutations related to myeloid

tumours were detected in these four

patients. However, GATA2, TET2, SH2B3

and ASXL1 single nucleotide polymor-

phisms (SNPs) were observed. All four

patients had GATA2 SNPs: rs2335052

(three of four patients) and rs78245253

(one of four patients).

Discussion

This current study reports the frequency of

the JAK2 V617F mutation in CVST

patients with thrombocytosis. The current

study demonstrated that CVST patients

with the JAK2 V617F mutation had signif-

icantly higher platelet counts compared

with those without the JAK2 V617F muta-

tion, but they did not have other hot-spot

somatic mutations associated with myeloid

tumours. These current results showed that

the JAK2 V617F mutation occurs frequent-

ly in CVST patients with thrombocytosis,

potentially providing a theoretical basis to

help guide clinical investigations of the aeti-

ology of thrombocytosis.
Therapies for CVST mainly address the

aetiology and symptoms, hence clarification

of the aetiology is necessary for the effective
clinical management of patients with

CVST.10,11 Venous thrombosis occurs
under low shear flow and often requires

rich fibrin, activated platelets and a large

amount of red blood.12 Risk factors associ-
ated with thrombosis complications include

advanced age and a history of thrombosis,
as well as the traditional cardiovascular and

venous thromboembolism risk factors.12

Hence, for CVST patients with thrombocy-

tosis, it is essential to determine whether the

thrombocytosis is primary or reactive. The
JAK2 V617F mutation frequently occurs in

patients with essential thrombocythaemia
and polycythaemia vera and it has become

one of the diagnostic criteria for both con-

ditions.13 Research has reported that the
JAK2 V617F mutation in CVST patients

could increase the risk of thrombotic com-
plications,14 although the frequency and

characteristics of the JAK2 V617F muta-

tion in these patients were unclear. In this
current cohort, approximately half (47.8%)

of the CVST patients with thrombocytosis
had the JAK2 V617F mutation, suggesting

that this mutation is prevalent among these
patients. To the best of my knowledge, this

Table 2. Sequence variants in four patients with cerebral venous sinus thrombosis with thrombocytosis
that had the Janus kinase 2 (JAK2) V617F mutation and underwent targeted sequencing.

Patient

number Gene

Sequence

variants

Variant allele

frequency, %

Clinical

significance

5 JAK2 NM_004972: exon14: c.1849G>T: p.V617F 34.81 Strong

GATA2 NM_032638: exon3: c.748C>G: p.P250A 47.75 SNP

6 JAK2 NM_004972: exon14: c.1849G>T: p.V617F 19.89 Strong

GATA2 NM_032638: exon3: c. 490G>A: p.A164T 99.86 SNP

TET2 NM_001127208: exon11: c.5284A>G: p.I1762V 50.65 SNP

9 JAK2 NM_004972: exon14: c.1849G>T: p.V617F 23.02 Strong

SH2B3 NM_005475: exon2: c. 724C>T: p.P242S 58.00 SNP

GATA2 NM_032638: exon3: c.490G>A: p.A164T 100.00 SNP

10 JAK2 NM_004972: exon14: c.1849G>T: p.V617F 12.77 Strong

GATA2 NM_032638: exon3: c.490G>A: p.A164T 50.23 SNP

ASXL1 NM_015338: exon12: c.1954G>A: p.G652S 94.06 SNP

SNP, single nucleotide polymorphism.
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is the first report of the frequency of the
JAK2 V617F mutation in CVST patients
with thrombocytosis. These current results
indicate that attention should be paid to the
possibility of myeloproliferative neoplasms
in CVST patients. In addition to the muta-
tion being a risk factor for CVST, determin-
ing a patient’s JAK2 V617F mutation status
may improve the visual prognosis of young
patients when there is sagittal sinus or sig-
moid sinus involvement, thrombocytosis or
hyper haemoglobin present.6

To further explore the characteristics of
the JAK2 V617F mutation in CVST
patients, the current study analysed the
relationship between the JAK2 V617F
mutation status and age, sex, white blood
cell count, haemoglobin level and platelet
count. The mean platelet count of patients
with the JAK2 V617F mutation was 478�
109/l, while that of the CVST patients with-
out the JAK2 V617F mutation was lower
than 400� 109/l. However, the JAK2
V617F mutation status was not significant-
ly correlated with white blood cell count or
the haemoglobin level. Previous research
has found that the JAK2 V617F mutation
can lead to increased platelet counts and
abnormal platelet function,15 which may
explain why CVST patients with the JAK2
V617F mutation have a higher platelet
count. Hence, in clinical practice, physi-
cians should be alert to CVST patients
with higher platelet counts (> 400� 109/l).
Early detection of the JAK2 V617F muta-
tion may facilitate the clinical management
of these patients. It is noteworthy that the
JAK2 V617F mutation is not the only
molecular genetic change in essential
thrombocythaemia and polycythaemia
vera, so other known or unknown gene
mutations should also be considered.16

Previous research has found that addi-
tional mutations exist in patients with
myeloproliferative neoplasms (MPN),17

although no additional somatic mutations
were detected in a subset of four patients

with the JAK2 V617F mutation in the cur-

rent study. Possible explanations for this dis-

crepancy are: (i) the mean age of the CVST

patients was significantly lower than that of

non-CVST patients with MPN and there

may be a lack of age-related clonal haema-

topoiesis;10(ii) the JAK2 V617F mutation is

a phenotype-driven mutation in CVST

patients, therefore, other somatic or germ-

line mutations associated with susceptibility

may not have been found; (iii) the sample

size was limited because CVST is a rare dis-

ease and it is difficult to evaluate a large

number of CVST patients with thrombocy-

tosis. Although this current study found that

all four patients did harbour SNPs in other

genes, especially for GATA2 rs2335052, it is

difficult to make a generalized conclusion

from the limited number of patients in this

current cohort. Further studies with large

patient cohorts should be performed to

further determine the role of the JAK2

V617F mutation in CVST patients with

thrombocytosis.
In conclusion, the JAK2 V617F muta-

tion was observed in a large proportion of

CVST patients with thrombocytosis. These

patients usually had higher platelet counts

but lacked other hot-spot somatic muta-

tions. This study may provide a potential

theoretical basis for the aetiology and clin-

ical management of CVST patients with

thrombocytosis.

Declaration of conflicting interest

The author declares that there are no conflicts of

interest.

Funding

This research was supported by Xuanwu

Hospital Foundation, Capital Medical

University (no. XWJL-2019023).

ORCID iD

Qiang Ma https://orcid.org/0000-0003-1568-

396X

6 Journal of International Medical Research

https://orcid.org/0000-0003-1568-396X
https://orcid.org/0000-0003-1568-396X
https://orcid.org/0000-0003-1568-396X


References

1. Sader N, de Lotbini�ere-Bassett M, Tso MK,
et al. Management of Venous Sinus
Thrombosis. Neurosurg Clin N Am 2018;
29: 585–594.

2. Ferro JM, Canhao P, Stam J, et al.
Prognosis of cerebral vein and dural sinus
thrombosis: results of the International
Study on Cerebral Vein and Dural Sinus
Thrombosis (ISCVT). Stroke 2004; 35:
664–670.

3. Guy A, Gourdou-Latyszenok V, Le Lay N,
et al. Vascular endothelial cell expression of
JAK2(V617F) is sufficient to promote a pro-
thrombotic state due to increased P-selectin
expression. Haematologica 2019; 104: 70–81.

4. Perner F, Perner C, Ernst T, et al. Roles of

JAK2 in Aging, Inflammation, Hematopoiesis
and Malignant Transformation. Cells 2019; 8:
854.

5. Liu Y, Liu C, He N, et al. JAK2 V617F
mutation burden and its clinical implications
in 415 patients with myeloproliferative neo-
plasm. Zhonghua Xue Ye Xue Za Zhi 2015;
36: 191–195 [Article in Chinese, English
abstract].

6. Zloto O, Lubetsky A, Ben-Bassat Mizrachi
I, et al. Prognostic value of JAK2V617F
mutation in pseudotumor cerebri associated
with cerebral venous sinus thrombosis. Acta
Neurol Scand 2019; 139: 166–171.

7. Sequence alignment/map (SAM) tools, http://
www.htslib.org/ (accessed 27 November
2020).

8. Young AL, Wong TN, Hughes AE, et al.
Quantifying ultra-rare pre-leukemic clones
via targeted error-corrected sequencing.
Leukemia 2015; 29: 1608–1611.

9. Li MM, Datto M, Duncavage EJ, et al.

Standards and Guidelines for the

Interpretation and Reporting of Sequence

Variants in Cancer: A Joint Consensus

Recommendation of the Association for

Molecular Pathology, American Society of

Clinical Oncology, and College of

American Pathologists. J Mol Diagn 2017;

19: 4–23.
10. Luo Y, Tian X and Wang X. Diagnosis and

Treatment of Cerebral Venous Thrombosis:

A Review. Front Aging Neurosci 2018; 10: 2.
11. Masuhr F and Einhaupl K. Treatment of

cerebral venous and sinus thrombosis.

Front Neurol Neurosci 2008; 23: 132–143.
12. Koupenova M, Kehrel BE, Corkrey HA,

et al. Thrombosis and platelets: an update.

Eur Heart J 2017; 38: 785–791.
13. Bose P and Verstovsek S. Updates in the

management of polycythemia vera and

essential thrombocythemia. Ther Adv

Hematol 2019; 10: 2040620719870052.
14. Martin K. Risk Factors for and

Management of MPN-Associated Bleeding

and Thrombosis. Curr Hematol Malig Rep

2017; 12: 389–396.
15. Edelmann B, Gupta N, Schnoeder TM, et al.

JAK2-V617F promotes venous thrombosis

through beta1/beta2 integrin activation.

J Clin Invest 2018; 128: 4359–4371.
16. Klampfl T, Gisslinger H, Harutyunyan AS,

et al. Somatic mutations of calreticulin in

myeloproliferative neoplasms. N Engl J

Med 2013; 369: 2379–2390.
17. Rumi E, Elena C and Passamonti F.

Mutational status of myeloproliferative neo-

plasms. Crit Rev Eukaryot Gene Expr 2010;

20: 61–76.

Ma 7

http://www.htslib.org/
http://www.htslib.org/

	table-fn1-0300060520977729

