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ASSOCIATION BETWEEN JAK2V617F
MUTATION AND THROMBOTIC
COMPLICATION IN PATIENTS WITH
CLASSICAL PH-NEGATIVE CHRONIC
MYELOPROLIFERATIVE DISEASES

The main clinical problem of patients with chronic myeloproliferative diseases (CMPD) is venous and arterial thrombosis. JAK2V617F mutation
was recognized as one of the main thrombogenic factors among this group of patients.
The objective of the study was to assess the effect of clinical and laboratory parameters and JAK2V617F mutation on the incidence of thrombotic

complications.

Materials and research. The study included 70 patients with confirmed diagnoses of essential thrombocytemia, polycythemia vera and primary
myelofibrosis. The analysis included analysis of clinical and laboratory data of outpatient consultatuion and molecular genetic study to detect the
JAK2V617F mutation by the allele-specific polymerase chain reaction.

Results. During follow-up time thrombotic complications were registered in 28,6% (20/70) patients. Thrombosis of arterial vessels were seen
more commonly (80%) — acute myocardial infarction and acute cerebrovascular accident. According to the results of patient genotyping, the
JAK2V617F mutation was detected in 90,9% of patients with polycythemia vera, 61,3% of patients with essential thrombocythemia and 64,7% of
patients with primary myelofibrosis. Thrombotic complications were significantly more often observed in carriers of the JAK2V617F mutation and

in patients with cardiovascular risk factors.

Conclusion. Carriage of the JAK2V617F mutation and the presence of cardiovascular risk factors significantly increase the risk of thrombotic
complications. Early detection of JAK2V617F mutation will reduce the number of life-threatening complications.
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Introduction. The main clinical prob-
lem of patients with chronic myelopro-
liferative diseases (CMPD) is vascular
complications, including microcirculatory
disorders, venous and arterial thrombo-
sis, as well as hemorrhagic complica-
tions [2]. Currently due to progress of
understanding of diseases molecular
mechanisms and development of a new
class of drugs — janus kinase inhibitors,
it has been possible to reduce clinical
symptoms of polycythemia vera (PV)
and primary myelofibrosis (PMF) who
are resistant to hydroxyurea or with drug
toxicity [8]. Thrombotic complications are
highly prevalent in patients with CMPD,
causing a high risk of mortality and dis-
ability. According to published data, prev-
alence of thrombosis in patients with PV
is 3.8 per 100 patient-years, in patients
with essential thrombocythemia (ET)
from 2 to 4 per 100 patient-years, and in
PMF, 2.23 per 100 patient-years [1]. The
leading place in the structure of throm-
botic complications is represented by ar-
terial thrombosis — myocardial infarction,
ischemic stroke and transient ischemic
attack.

Thrombosis has a complex multi-
component pathogenesis. Genetic ab-
normalities, qualitative and quantitative
disorders of blood cells, endothelial
dysfunction make a certain contribution

to the formation of a blood clot [10]. The
most significant risk factors for throm-
botic complications among patients
with CMPD include age over 60 years
old, previous thrombosis, cardiovascu-
lar risk factors, and the presence of the
JAK2V617F mutation. Currently, due to
the widespread use of a personalized
approach to the treatment of many dis-
eases, the study of molecular markers
of thrombogenic risk is gaining partic-
ular relevance. It has been proven that
carriers of the JAK2V617F mutation are
characterized by an increase in the pool
of activated leukocytes and platelets with
a more thrombogenic potential and an
increase in their aggregation ability. In
addition, muatation plays role in devel-
opment of endothelial dysfunction and
coagulation link of hemostasis [6,10].
The aim of study was to evaluate the
effect of clinical and laboratory parame-
ters and JAK2V617F mutation on the in-
cidence of thrombotic complications.
Materials and methods of the re-
search. The study included 70 patients
with previously confirmed diagnoses of
ET (n = 31, 44,3%), PV (n = 22, 31,4%)
and PMF (n = 17, 24,3 %). The median
follow-up time was 48 months (from 2
to 252 months). All patients underwent
a molecular genetic study to identify the
JAK2V617F mutation (rs77375493) by
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allele-specific polymerase chain reaction
(AS-PCR) using standard pairs of primers
manufactured by SybEnzime, Novosi-
birsk [4]. The reaction mixture with a total
volume of 25 pl per 1 sample included: di-
rect allele-specific primers (AGCATTTG-
GTTTTAAATTATGGAGTATATT), direct
(ATCTATAGTCATGCTGAAAGTAG-
GAGAAAG) 0.5 pl each and reverse (CT-
GACACCTAGCTGTGATCCT); Dream
Taq PCR master mix — 12,5 ul; 9,5 ul of
deionized water and 1 pl of DNA. Opti-
mized PCR temperature conditions are
presented in Table 1.

Detection of PCR products was per-
formed using electrophoresis on 3% aga-
rose gel stained with ethidium bromide
and standard Tris-acetate buffer at 120 V
for 45 minutes. The amplification length
for the G allele was 364 nucleotide pairs
(bp), T - 364 and 203 bp (Figure).

When analyzing the prevalence of
thrombotic complications and risk factors,
clinical and laboratory data obtained from
outpatient patient counseling were used.
The statistical significance of the differ-
ences was assessed using the x-square
test with Yates correction. Differences
were considered significant at p <0.05.
To assess the impact of risk factors on
the incidence of thrombotic complica-
tions, odds ratios (OR) were calculated.
Results are presented as OR and 95%
confidence interval (Cl).

Results and discussion. During the
observation period, thrombotic compli-
cations were registered in 28,6% (20/70)
patients, of which 7,14% (5/70) had two
or more episodes. The prevalence of
thrombosis among patients with PV was
36,4%, ET - 16% and PMF — 35,2%.
55% (11/20) of thrombotic events were
observed before diagnosis. The median
time of follow-up from the development
of thrombosis to diagnosis was 9 months
(from 1 to 78 months). It is known that
patients with PV are characterized by
more thrombogenic potential associat-
ed with an increase in hematocrit and
blood viscosity. Estimated prevalence of
thrombosis in this group of patients is 12-
39% at the time of diagnosis and 10-25%
during follow-up time. For patients with
ET, microcirculatory disorders are more
common than thrombosis of large ves-
sels, and in patients with PMF, thrombot-
ic complications occur with a frequency
of 4-7% in the onset and 2—4% during
follow-up time [3, 9]. In most cases,
thrombosis was localized in the arterial
vessels (80%) — acute myocardial infarc-
tion (58,8%), stroke (35,3%) and deep
femoral artery (5,9%). Venous thrombo-
sis were less common (20%) and repre-
sented by deep vein thrombosis (DVT) of

Table 1

Condition for AS-PCR

Ne Step t, °C Time Number of cycles
1 Initial denaturation 95 10 min. 1
2 Denaturation 95 30 sec.
3 Annealing 56 30 sec. 36
4 Elongation 72 1 min.
5 Final elongation 72 10 min. 1

..‘.{P'I nn 364 364

64 364

3
203 a.n. 103 p.n. 203 n.a.

PUC19+/Mspl

PCR results electrophoregram

lower extremities (10%) and portal sys-
tem veins (10%).

According to the results of genotyping,
the T allele of JAK2 gene (JAK2V617F)
was detected in 90,9% of patients with
PV, 61,3% of patients with ET, and
64,7% of patients with PMF. When
comparing JAK2V617F-positive  and
JAK2V617F-negative patients, throm-
bosis were significantly more often ob-
served in carriers of JAK2 mutations —
45% and 10%, respectively (p = 0.008).

Next we analyzed the presence of main
(age 60 years and over, the presence of
JAK2V617F mutation, cardiovascular
risk factors) and additional (hypertrom-
bocytosis, leukocytosis) risk factors for
thrombotic complications (Table 2). Car-
diovascular risk factors included hyper-
tension, diabetes mellitus, and smoking.

Thrombotic complications were sig-
nificantly more common in carriers of the
JAK2V617F mutation (p = 0,036) and in
patients with cardiovascular risk factors
(p = 0,014). The OR of the development
of thrombotic complications in carriers
of the JAK2 mutation was 11,645 (95%
Cl 1,440-94,191), and 3,605 in patients
with cardiovascular risk factors (95% CI
1,213-10,715). There is no significant
difference in the frequency of throm-
bosis between patients aged older 60
years and younger (p = 0.242) which
is probably related to the fact that the
share of those examined over 60 years
was only 30,4%.

203 mm.

G (] T
364 mom, edmn, 364
203 mm.

According to most authors, the most
significant independent risk factors for
thrombosis among patients with PV, ET,
and PMF are age and thrombosis [5].
However, with the gaining of new knowl-
edge about molecular pathogenesis of
diseases, prognostic scales based on the
mutational status of patients become more
relevant. Currently, it has been proven
that carriage of JAK2V617F mutation in-
creases the risk of thrombosis among ET
patients by up to 45%, and also can be a
predictor of recurrent thrombosis. Similar
results were obtained in many large stud-
ies, which allowed to include presence of
JAK2V617F mutation in IPSET-thrombo-
sis scale (a universal tool for assessing
the risk of developing ET patients) as an
independent thrombogenic risk factor for
ET patients [10]. Knowledge about effect
of JAK2 mutational status on frequency
of thrombosis in patients with PV are con-
tradictory. Some studies have shown that
a high allele burden is associated with an
increased risk of thrombotic complica-
tions. In group of patients with PMF, the
greatest risk of thrombosis is associated
with JAK2V617F mutation and leukocy-
tosis [7].

In performed research, more than
half of thrombotic complications were
observed before the diagnosis of the dis-
ease. Cases of prolonged latent course
of CMPD, when the clinical feature is
represented only by thrombosis, are dif-
ficult to diagnose. An early molecular ge-



Table 2

Association of thrombosis with risk factors

Patients with chronic
myeloprolyferative diseases, %
Risk factor (abs. n) thout ¥2 criteria significance, OR
with thrombosis| %' 3V p (95% CI)
(n=20) ombosis
(n=50)
2.180
Age 60 + 65 (13) 46 (23) 1.374 0242 | (0715.6.382)
Cardiovascular 3.605
risk factors 65 (13) 34(17) 4.411 0.036 | (1213-10.715)
JAK2V617F 11.645
mutation 95(19) 6231 6.092 | 0.014 1 440294.191)
Leukocytosis 1.455
~11#109/1 45 (9) 36 (18) 0.182 067 | (0.507-4.171)

Note: 2 - y-square criteria with Yates correction, p — significane, OR — odds ratio, CI —

confidence interval

netic study among people with borderline
polycythemia will improve the diagnosis
of masked forms of CMPD and prevent
the development of fatal complications,
and the determination of indications for
the detection of the JAK2V617F mutation
among patients with thrombosis requires
further study.

Conclusion. The occurrence of
thrombotic complications is an important
factor affecting the survival and quality of
life of patients with CMPD. In most cases,
thrombosis is the first clinical symptom of
disease or manifests before the verifica-
tion of diagnosis. Carriage of JAK2V617F
mutation and the presence of cardiovas-
cular risk factors significantly increase
the risk of thrombotic complications. An
early molecular genetic study will im-
prove the diagnosis of masked forms of
CMPD and prevent the development of
fatal complications.

References

1. Menuksan AJl., Cybopuesa W.H., Cynapu-
koB A.B, KoBpuruHa A.M., TunssutgunHosa E.A.,
KonowenHoBa T.WM., Abgynnaes A.O., Tperna-
3oBa C.A. KnuHuyeckme ocoGEeHHOCTU 3CCEHLM-
anbHOW TPOMOOLMTEMUN U NEPBUYHOTO MWENO-
rbpo3a B 3aBUCUMOCTN OT MOSEKYNSAPHBIX Xa-
pakTepucTvk 3aboneBaHus. Tepanesmuyeckull
apxus. 2017; (89)7:4-9. [Melikyan AL, Subortseva
IN, Sudarikov AB, Kovrigina AM, Gilyazitdinova
EA, Kolosheinova Tl, Abdullaev AO, Treglazova
SA Clinical features of essential thrombocythe-
mia and primary myelofibrosis, depending on the
molecular characteristics of disease. Terapev-
ticheskij arhiv. 2017; (89)7:4-9. (In Russ.).] DOI:
10.17116/terarkh20178974-9

2. Menukan A.Jl., Cybopuea W.H. Mueno-
nponudepaTMBHble HOBOOOPA30BaHWSA: HOBbIE
naHHble. KnuHuyeckasi oHkoeemamorsoausi. 2016.
(9)2:218-228. [Melikyan AL, Subortseva IN My-
eloproliferative neoplasia: new data. Kiliniches-
kaja onkogematologija. 2016; (9)2:218-228. (In
Russ.).]

12020 RN/

3. Abgynkagbipo K.M., Llysaes B.A, Map-
ToiHkeBNY N.C. Y10 Ham un3BecTHO 06 WUCTUH-
HoM nonuumTeMun (063op nuTepaTtypbl U cob6-
CTBeHHble AaHHble). OHkozemamornoaus. 2015;
(10)3:28-42. DOI: 10.17650/1818-8346-2015-
10-3-28-42. [Abdulkadyrov KM, Shuvaev VA,
Martynkevich IS. All we know about polycythemia
vera: literature review and own experience. Onk-
ogematologija. 2015; 10(3):28-42. (In Russ.).]
DOI: 10.17650/1818-8346-2015-10-3-28-42

4. Baxter EJ, Scott LM, Campbell PJ, East
C, Fourouclas N, Swanton S, Vassiliou GS,
Bench AJ, Boyd EM, Curtin N, Scott MA, Er-
ber WN, Green AR; Cancer Genome Project.
Acquired mutation of the tyrosine kinase JAK2
in human myeloproliferative disorders. Lancet.
2005; 365(9464):1054-61. DOI:10.1016/S0140-
6736(05)71142-9

5. Arachchillage DR, Laffan M. Pathogen-
esis and Management of Thrombotic Dis-
ease in Myeloproliferative Neoplasms. Se-
min Thromb Hemost. 2019; (45)6:604-611.
DOI:10.1055/s-0039-1693477

6. Duangnapasatit B, Rattarittamrong E, Rat-
tanathammethee T, Hantrakool S, Chai-Adisak-
sopha C, Tantiworawit A, Norasetthada L. Clinical
Manifestations and Risk Factors for Complica-
tions of Philadelphia Chromosome-Negative My-
eloproliferative Neoplasms. Asian Pac J Cancer
Prev. 2015; 16(12):5013-5018. DOI: 10.7314/
apjcp.2015.16.12.5013

7. Martin K. Risk Factors for and Management
of MPN-Associated Bleeding and Thrombosis.
Curr Hematol Malig Rep. 2017; (12)5:389-396.
DOI: 10.1007/s11899-017-0400-3.

8. Griesshammer M, Saydam G, Palandri F,
Benevolo G, Egyed M, Callum J, Devos T, Sivgin
S, Guglielmelli P, Bensasson C, Khan M, Ronco
JP, Passamonti F. Ruxolitinib for the treatment of
inadequately controlled polycythemia vera with-
out splenomegaly: 80-week follow-up from the
RESPONSE-2 trial. Annals of Hematology. 2018;
97:1591-1600. DOI: 10.1007/s00277-018-3365-y

9. Ball S, Thein KZ, Maiti A, Nugent K. Throm-
bosis in Philadelphia negative classical myelop-
roliferative neoplasms: a narrative review on
epidemiology, risk assessment, and pathophysio-
logic mechanisms. J Thromb Thrombolysis. 2018;
(45)4:516-528.D0OI:10.1007/s11239-018-1623-4

10. Casini A, Fontana P, Lecompte TP. Throm-
botic complications of myeloproliferative neo-
plasms: risk assessment and risk-guided man-
agement. J Thromb Haemost. 2013; (11)7:1215-
1227. DOI: 10.1111/jth.12265

g g e e e e el i e e gl g gl gl gt gl g St g gt Nl e e e, el Nl gl gl R g S gl
e e P e i e e il e P i e e o P B e i . e P e e e e e P i P, P e e b o e e e e i i i e ]




