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ABSTRACT
Background: JAK2V617F is a tyrosine kinase gain-of-function mutation in exon 14 that results from a guanine-
to-thymine transversion at nucleotide 1849 with substitution of valine to phenylalanine at codon 617. The in
vitro expression of JAK2V617F results in the constitutive activation of the JAK-STAT pathway and resultant
cytokine-independent growth. Aim of the work: Detection of JAK2 mutation in cases of MDS and MDS/MPN
to provide practical guidelines, which can allow for a reproducible classification of these types when
encountered in clinical practice, and that will benefit of JAK2 inhibitor treatment. Patients and methods: This
study comprised 40 newly diagnosed patients divided into two groups: Group | : 20 patients with MDS, Group
II: 20 patients with MDS/MPN (2 cases aCML,10 cases CMML,8 cases JIMML).All members of this study were
subjected to the following :full history taking ,complete clinical examination, routine laboratory investigations
including:CBC, stained smear for morphological examination , B.M. aspirate & examination, cytogenetic
analysis and detection of JAK2 V617F mutation by Allele Specific PCR technique. Results: In typical forms of
MDS JAK2 V617F mutation was very rare (5%) However, a higher percentage of this mutation (55%) was
found in patients with MDS/MPN. Positive JAK2 patients with high TLC, LDH may be the main pathology but
if negative JAK2 with high TLC, LDH and platelets, we should searched for other mutation that may be in other
area of JAK family. Conclusion: our study stated that the presence of JAKV617F mutation may assist in
diagnosis of MDS/MPN group than MDS group (odds ratio [OR], 23.2; 95% confidence interval[CI], (2.5-
208.6); P=0.001).
Key Words: JAK2 V617F mutation, MDS, MDS/MPN

INTRODUCTION cells characterized by ineffective hematopoiesis that
he JAK family proteins (JAKS) are cytoplasmic manifest clinically as anemia, neutropenia, and/or
tyrosine kinases that participate in cytokine thrombocytopenia of variable severity. The result

receptor superfamily signaling, which transduce often is transfusion-dependent anemia, and
cytokine-mediated signals via the JAK-Signal increased risk of infection or hemorrhage, and a
Transducers and Activators of Transcription potential to progress to acute myelogenous leukemia
(STAT) pathway . (AML) @,

The identification of the JAK2V617F The FAB classification served as the first
mutation is an exciting new discovery in the field of framework to systematically identify and describe
chronic myeloproliferative disorders (MPDs) . This the different clinical entities of MDS®.World
acquired mutation is characterized by a G to T Health Organization (WHO) proposed a newer
transversion at nucleotide 1849 in exon 14 of the classification system attempting to address some of
JAK2 gene, leading to a substitution of valine to the limitations of the FAB system . The main goal
phenylalanine at amino acid position 617 (V617F) of this schema was to formally incorporate biologic
of the JAK2 protein®. data, specifically cytogenetic and molecular

The presence of the mutation confers a findings, clinical outcomes, and number of
proliferative and survival advantage by rendering dysplastic lineages involved, in order to better
the cells more sensitive to incoming stimulatory separate subgroups and delineate syndromes within
signals, causing clonal expansion of hematopoietic the previous FAB classification © After
progenitors in  myeloproliferative  disorders. introduction of the WHO classification, WHO
Neoplastic cells can be heterozygous for the classification-based prognostic scoring system
mutation or hemizygous if they are associated with (WPSS) could classify patients into five risk groups
loss of heterozygosity (LOH) of 9p, where JAK2 is showing different survivals and probabilities of
situated @, leukemic evolution .

Myelodysplastic syndromes (MDS) are a In 2001 and 2008, the Word Health
set of oligoclonal disorders of hematopoietic stem Organisation (WHO) revised the criteria for the
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classification of haematopoietic and Ilymphoid
neoplasms in order to define better specific disease
entities and to include significant prognostic
information ®.This classification recognises a new
separated category of
myelodysplastic/myeloproliferative disease
(MDS/MPD) which consists of myeloid disorders
with both dysplastic and proliferative features at the
time of initial presentation and includes chronic

myelomonocyic  leukemia (CMML), atypical
chronic myeloid leukemia (aCML), juvenile
myelomonocyticleukaemia (IMML) and

myelodysplastic/myeloproliferativediseaseunclassifi
able(MDS/MPD-U)®.

Acquired JAK2V617F somatic mutation is
a hallmark of Philadelphia negative
myeloproliferative  neoplasm  (MPN)®® | In
myelodysplastic syndromes (MDS), JAK2V617F
mutation is seen in less than 5% of the cases™V .
The JAK2V617F mutation was also found in
patients with non classic MPN, although in much
lower frequency: less than 20% of patients with
aCML, less than 5% of patients with chronic
myelomonocytic leukemia (CMML), less than 20%
of patients with juvenile myelomonocytic leukemia
(JMML) about 5% of patients with MDS, and
rarelyin patients with systemicmastocytosis**? .

Aim of this work was to detect JAK2
mutation to provide practical guidelines, which can
allow for a reproducible classification of these types
of MDS and MDS/MPN when encountered in
clinical practice, and that will benefit of JAK2
inhibitor treatment.

PATIENTS AND METHODS

This study was carried out at Clinical
Pathology and Medical Oncology & Hematology
Departments, Faculty of Medicine, Zagazig
University Hospitals. Forty newly diagnosed
patients divided into two groups: Group | : 20
patients with MDS(4cases RA, 2 casesRT,10cases
RCMD, 3cases RAEB, one case MDS-u) they were
8 male and 12 female their age ranged from 24-70
years with a mean age 54.8+11.14 years. Group II:
20 patients with MDS/MPN ( 2 cases aCML, 10
cases CMML, 8 cases JMML) they were 12 male
and 8 female their age ranged from 0.7-76 years
with a mean age 38.3+31.24 years.

Method: all members of this study were
subjected to the following:full history taking |,

complete clinical examination,Routine laboratory
investigations:CBC by " Advia 120" , stained
smear for morphological examination , B.M.
aspirate& examination, cytogenetic analysis by G
banding technique and LDH by "Dimension RxL
Max". Specialinvestigations: detection of JAK2
V617F mutation by Allele Specific PCR technique.
Genomic DNA was extracted from bone marrow
aspirates or peripheral blood samples using G-
spin™ Total DNA Extraction Kit manufactured by
INtRON biotechnology.The JAK2V617F mutation
was detected according to the protocol of Baxter et
al.® with some modifications. Particularly, the
primers used for multiplex PCR

+«» the primers used for multiplex PCR were
J1 (wild-type sequence reverse primer)
> 5-
CTGAATAGTCCTACAGTGTTTTCAGTTTCA-
3
J2 (J1 a mutation-specific forward primer )
>5-
AGCATTTGGTTTTAAATTATGGAGTATATT-
3
and J3 (forward-internal control)
>5-
ATCTATAGTCATGCTGAAAGTAGGAGAAAG
-3

The thermal cycling procedure was
performed with "Gene Amp PCR System2400
"supplied by ( Perkin Elmer, USA) and consist of
initial denaturation at 94 °C for 2 min.followed by
35 cycles (94°C for 45 s, 58°C for 45 s, 72 °C for 60
s), and 5 min at 72 °C.The PCR products were
analyzed on 2% TAE agarose gels. The primers J1
and J3 amplify a 364 bp product (both mutant and
wild-type alleles and serves as an internal control),
while the primers J1 and J2 amplify a 203 bp
product (when the patient carries the JAK2V617F
mutation) @ .

The data were tabulated and statistically
analyzed using Microsoft Office Excel 2010 and
Statistical package for Social Sciences version 20
(SPSS : An IBM Company).

RESULTS
The results of the present study are statistically
analyzed and summarized in the following tables
(1)-(7) and figure (1).

-80-



Z.U.M.J.Vol. 21; No.1 January; 2015

Detection of Jak2 Mutation in Cases Of......

Table (1): Clinical presentation of studied groups

Clinical presentation (?\lr(?:;OI SOl No=20
Number (%) Number (%)
Anaemia 4 (20%) 3(15%)
Anaemia+Bleeding 4 (20%) 1(5%)
Anaemia+Infection 5 (25%) 1(5%)
Infection+Bleeding 1(5%) 1 (5%)
Splenomegaly+anaemia 6 (30%) 12 (60%)
Hepatomegaly+ anaemia 0 (0%) 2 (10%)

This table showed thatanaemic manifestation ( fatigue, pallor or fainting ) was (20%) in group I and
(15%) in group Il. Splenomegaly and anaemiawere (30%) in group I and (60%) in group Il. Anaemia and
repeated infection were (25%) in group I and (5%) in group Il. Anemia and bleeding were (20%) in group I
and (5%) in group Il . Infection and bleeding were (5%) in group I and (5%) in group Il finally hepatomegaly

and anaemia were (10%) in group Il only.

Table (2): Laboratory data of studied groups.

Test of
Parameter (Iczlgozuz%l) (GNT:EO'; sign(if_:_c‘)a\nce P value
TLC (x10°%/uL)
Mean £ SD 11.2315.1 106.44+50.3
0.001*
Range 1.5-41.6 20.4-433 8.42 HS
Absolute monocytic count(x10%/uL) ’
Mean + SD 0.165+ 0.03 25.844+9.1 12 68 0.001*
Range 0.1-0.3 1.6-99.5 ' HS
Hemoglobin (g/dL)
Mean + SD 8.82+1.98 8.21+1.04 0.298
Range 5.1-8.1 7.2-10.5 1.225 '
Platelet count (x10%/uL)
Mean £ SD 112.8456.4 84.8+42.4 0.083
Range 9-685 12-375 1.351 '
BM blast (%)
Mean £ SD 5.4+2.1 4.15+2 0.061
Range 1-18 1-12 1.732 '
LDH (1U/L)
Mean + SD 511.4+220.8 1652.5+826.1 597 0.001*
Range 233-945 452-5635 ' HS

This table showed that there was a highly significant difference between both groups as regards TLC,

Absolute monocyte count and LDH(P<0.01).
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Table (3): karyotyping of thestudied groups.

group I group Il
Karyotype No. = 20 No. = 20
Frequency % Frequency %
Normal 8 40% 9 45%
del 59 3 15% - -
del 20q 2 10% - -
+8 2 10% 1 5%
-7/del7q 1 5% - -
i(17)(q10) - - 2 10%
+21 - - 3 15%
-7/del7q/ del(11q) 1 5% - -
+21/del(20q)/-7 - - 1 5%
Unavailabe 3 15% 4 20%

This table showed that cytogenetics finding of group I, 40% had normal karyotype, 15% had del(5q),
10% had del(20q), 10% had trisomy 8, 5% had 7/del(17q),5% had complex abnormalities -7/del7qg/ del(11q)
,15% were unavilable .While cytogenetics finding of group Il, 45 % had normal cytogenetics, 15% had Trisomy
21, 10% had i(17)(q10),5% had trisomy 8, 5% had complex abnormalities in the form of +21/del(20q)/-7 , 20%
were unavilable.

Table (4): Risk frequency of studied groups according 10 WPSS.

group I group Il

WSSP No. = 20 No. =20
Frequency % Frequency %
Low risk 9 45 8 40
Intermediate-1 risk 6 30 8 40
Intermediate-2 risk 4 20 3 15
High risk 1 5 1 5

Among grouplaccording to WPSS system, 9 patients (45%) were classified as low risk, 6 patients (30%)
were classified as Intermediate-1 risk, 4 patients (20%) were classified as Intermediate-2 risk, one patient (5%)
was classified as High risk, .While among group llaccording to WPSS system, 8 patients (40%) were classified
as low risk, 8 patients (40%) were classified as Intermediate-1 risk, 3 patients (15%) were classified as
Intermediate-2 risk, one patient (5%) were classified as High risk.

Table (5): PCR result of JAKV617F mutation in studiedgroups.

Group _ JAK2 V617F
Positive cases Percent
Group I 1 5%
Group IT 11 55%

This table revealed that JAK2V617F mutation was detected in one case(5%) of group I and eleven cases
(55%)of group II.
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Table (6): Comparsion between JAK positive and JAK negative cases as regard age, TLC, HB, Platelets ,
absolute monocyte count (AMC), B.M. blast, LDH and WPSS.

Age (years) 40.78+20.27 49.03+.24.5 1.04 312
TLC (x103/uL) 78.9739.2 50,0021 1 14 145
HB (g/dL) 8.04+0.96 87177 1042 0.222
*
Platelets (x10¥uL) 2775+ 13.9 129.28+64.6 3.9 o(g?gs)
AMC (x107pL) 2301« 115 87143 118 0.063
*
B.M. blast (%) 6.16+.3.26 2.03+.1.68 4.34 O'éﬁg)l
0.001*
LDH (U/L) 2104.2+852.1 643.8+121.9 5.91 )
WPSS 120£.0.75 1.1072.0.59 0.453 0.653

This table revealed that there was a significant difference between JAK2 positive and JAK2 negative
cases as regards platelet count (P <0.05).There was a highly significant difference between JAK2 positive and
JAK2 negative cases as regards bone marrow blast and LDH (P <0.01).

Table (7): Comparsion between JAK positive and JAK negative patients as regard presence of
splenomegaly.

Frequency % Frequency % Frequency %

Splenomegaly 11 91.7 7 25 18 45
No Splenomegaly 1 8.3 21 75 22 55 0.0001*
Total 12 100 28 100 40 100 HS

There was a highly significant difference between JAK2 positive and JAK2 negative patients as regards
splenomegaly (P <0.01).

Figure(1): Gelelectrophoresis of PCR products for JAK2V617F mutation established by allele-specific PCR . Lane
1: 100-1000 bp ladder molecular weight marker. Lane 2, 6,7,8,11 DNA of patients samples positive for
JAK2V617F mutation show amplification products at 203, 364 bp (mutant allele), while other lanes are negative
for JAK2V617F mutation showed only single amplification product at 364 bp (unmutant wild type allele).
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DISCUSSION

Myelodysplastic syndromes (MDS)
constitute a  heterogeneous group of clonal
hematopoietic disorders characterized by bone
marrow (BM) failure, dysplasia and an
increased risk of developing acute myeloid
leukemia (AML)®,

The myelodysplastic/myeloproliferative
neoplasms (MDS/MPN) include clonal myeloid
neoplasms that overlap the MDS and MPN
categories and at the time of initial diagnosis exhibit
some clinical, laboratory, or morphologic features
supporting the diagnosis of myelodysplastic
syndrome (MDS) and at the same time show
proliferative features in keeping with the diagnosis
of a myeloproliferative neoplasm (MPN) @4,

Since the publication of the WHO
classification in 2008, dynamic progress in array
technologies and next-generation amplicon deep
sequencing has provided new insights into the

molecular pathogenesis of MDS/MPN®™.

The in vitro expression of JAK2V617F results

in the constitutive activation of The JAK-STAT

pathway and resultant cytokine-independent growth.

Acquired JAK2V617F somatic mutation is a

hallmark of Philadelphia negative
myeloproliferative neoplasm (MPN)®? .

The objective was to detect JAK2 mutation
in cases of MDS and MDS/MPN to provide
practical guidelines, which can allow for a
reproducible classification of these types of MDS
and MDS/MPN when encountered in clinical
practice, and that will benefit of JAK2 inhibitor
treatment.

This Study was carried out on 40 newly
diagnosedpatients classified into two groups: group
I (20 MDS patients), group Il (20 MDS/MPN
patients).In this study There was statistically
significant difference between the two groups as
regard age (P < 0.05) may be due to inclusion of
young patients diagnosed as (JMML). There was no
statistically significant difference between the two
groups as regards gender (P > 0.05) with
male/female ratio 2:3. Our results contradict the
results reported by Goldberg et al."™they found
that the mean age was 64.4 years and its range from
17.0 - 96.4 years with male/female ratio 1.51:1 .

In our study there was a highly significant
increased TLC in group IT when compared to group
I . This was expected since leucopenia discriminates
MDS from MDS/MPN in which there was some
features of myeloproliferation. Monocytosis was

highly significant in group Il that include CMML
and JMML. LDH was highly significant in group
llwhich is a character of myeloproliferation. LDH
level can be a point of differentiation between
MDS and MDS/MPN cases.

Our finding in this study showed that in
MDS/MPN group, JAK2V617F mutation present in
10% of patients with a typical chronic myeloid
leukemia (a CML), 30% of patients with chronic
myelomonocytic leukemia a(CMML),15% of
patients with juvenile myelomonocytic leukemia
(JMML) , while 5% in MDS patients(data not
showen). It was obvious that JAK2 V617F
mutation appeared to be infrequent finding in
MDS group and this was in agreement with the
finding of Steensma et al.*® | Jelinek et al.*”
andBacher et al. ®they reported positivity rates
JAK2V617F mutation to be 5%, 1%,3%
respectively.Our results in grouplishowed higher
occurrence of JAK2V617F mutation in patients
with MDS/MPN than MDS and this was in
agreement with the finding of Jekarl et al. ®who
stated that 6 (13.9%) of 43 patients, harbored the
JAK2V617F mutation,the incidence of the
JAK2V617F mutation in each of patient group was
as follows: 8.3% (1/12), MDS; 22.2% (2/9),
MDS/MPN-U; 14.3% (1/7), RARS-T; and 13.3%,
(2/15) AML.

In the present study there was a significant
difference between JAK2 positive and negative
cases as regards platelet count (P <0.05), as it was
significantly low in JAK2 positive cases . This was
explained by high incidence of splenomegaly as
eleven patients of JAK2 positive had enlarged
spleen and subsequently hyperslenism , which may
be a cause of reduction in platelet count, in addition
to our patients included in this study did not include
RARS-T which characterized by high platelet count.

Also there was a highly significant
difference between JAK2 positive and negative
cases as regards bone marrow blast , LDH and
splenomegaly (P <0.01).Our results showed that
TLC was higher in JAK2 positive cases when
compared with JAK2 negative cases, this mean that
this mutation may be the main pathology and
treatment with JAK2 inhibitors could be valuable.
Patients with high TLC, LDH and positive JAK2
may be the main pathology but if negative JAK2
with high TLC, LDH and platelet in absence of
splenomegaly , we should searched for other
mutation that may be in other area of JAK family.
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Our finding contradict the results reported
by Renzis et al. ® who stated that in JAK2
positive patients, the white blood cells (WBC)
count, absolute neutrophil count (ANC), platelet
count and mean corpuscular volume (MCV) were
significantly higher, while the marrow blast
percentage wassignificantly lower than in JAK2
negative cases.

While there was no significant differences
between JAK2 positive and negative cases as
regard age, gender, hemoglobin level, WHO
classification, cytogenetic findings and WPSS.

Our results are in agreement with study of
Renzis et al.*® who stated that there was no
significant differences between JAK2 positive and
negative cases as regard age, gender, hemoglobin
level, WHO 2008 classification, cytogenetic
findings and WPSS.

Our study stated that the presence of
JAKV617F mutation may assist in diagnosis of
MDS/MPN group than MDS group (odds ratio
[OR], 23.2; 95% confidence interval[CI], (2.5-
208.6); P=0.001).

Conclusion: The detection of the JAK2 V617F

mutation, in difficult-to-classify cases, will help to

clarify the borderline between MDS, on one hand,
and MDS/MPN on the other hand. The better
understanding of these entities, potentially may lead
in the near future to identify new therapeutic options

for these patients .

Recommendation: Multicenter studies are needed

to develop a cytogenetic-molecular—based risk

stratification system for optimal targeted therapy
and improved outcome of MDS and MDS/MPN,
as already used in AML management. Many more

JAK inhibitors need to be evaluated in order to

identify the best in class in terms of efficacy,

toxicity and suitability for future combination
treatment programs.
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