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Abstract.

To elucidate the relevance of genetic alterations, we analysed 17 genes known to be involved in haematological neoplasms in

patients with chronic leucocytosis and patients with persistent thrombocytosis. Mutations of the JAK2, SETBPI and ASXLI genes were
found in 1/13, 1/13, and 2/13 patients with leucocytosis, respectively. Mutations of the JAK2, CALR, SETBPI and ASXLI genes were found
in 1/5, 1/5, 1/5 and 2/5 patients with thrombocytosis, respectively. One leucocytosis patient with a JAK2 V617F mutation developed
polycythaemia vera. Another leucocytosis patient developed Philadelphia chromosome-negative chronic myeloid leukaemia (Ph(—) CML)
accompanied by t(9;12)(q34.1;p13.?3) (Mori et al. 2016). Another leucocytosis patient with mutations of the SETBPI and ASXLI genes
progressed to blast crisis of Ph(—) CML accompanied by i(17)(q10). Chronic leucocytosis patients who had genetic alterations tended to
develop haematological neoplasms, while thrombocytosis unexpectedly resolved in two persistent thrombocytosis patients with genetic

alterations.
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Introduction

Chronic idiopathic leucocytosis (CIL) is a rare persistent
neutrophilia with no specific cause (Ward and Reinhard
1971; Weir et al. 2011). Although leucocytosis is a frequent
clinical problem, most patients with leucocytosis have
infection, inflammation or injury; therefore, it is regarded as
reactive leucocytosis (Ward and Reinhard 1971; Weir et al.
2011). Use of medication (steroids, beta agonists and
lithium) and splenectomy are also known in the aetiology of
leucocytosis. Persistent thrombocytosis is also caused by
infection, iron deficiency, and splenectomy, but unexplained
persistent thrombocytosis is rare. In addition to reactive
leucocytosis and thrombocytosis, myeloproliferative neo-
plasms (MPN) are an important cause of chronic leucocy-
tosis and persistent thrombocytosis.

Frequent V617F mutations on the JAK2 gene have been
reported in patients with MPN including polycythemia vera
(PV), essential thrombocythemia (ET), and primary
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myelofibrosis (PMF) (Baxter ef al. 2005; James et al. 2005;
Kralovics et al. 2005; Levine et al. 2005). We also found
JAK?2 V617F mutations in one of 11 patients with idiopathic
erythrocytosis (Yoshinaga et al. 2008). Mutations of the
CSF3R, SETBPI and ETNKI genes have been found in
chronic neutrophilic leukaemia and atypical chronic myeloid
leukaemia (aCML) (Maxson et al. 2013; Piazza et al. 2013;
Gambacorti-Passerini et al. 2015). Further, an autosomal
mutation was found in the CSF3R gene in a family with
chronic neutrophilia (Plo et al. 2009). However, mutation
spectrum associated with CIL and unexplained persistent
thrombocytosis have not been well studied. There are reports
in the literature proposing leucocytosis and the JAK2 V617F
mutation as disease-related prognostic factors in thrombo-
cytosis (Vannucchi and Barbui 2007). To elucidate the rel-
evance of genetic alterations, we analysed 17 genes known
to be involved in haematological neoplasms in patients with
chronic leucocytosis and patients with persistent
thrombocytosis.
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Table 1. Characteristics of chronic leucocytosis and persistent thrombocytosis patients.
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ND

19.5

ND

82.2

328
264
211
479
246
375
355
336

10.6

33
4.9

14.1

Female

60
Male

CL2
CL3
CL4
CL6
CL7
CL8
CL9

46,XY
46,XY
46,XX

31.7
24.4
NA

+

Lymphoma

Slightly hypo

60.0
85.0%*

41 11.0 16.0

58
81

Kidney cancer

Slightly hypo

Normo
Hyper

4.4 13.7

13.6
2.7

Male

JAK?2

PV

75.0

13.6

5.6
5.0
5.0
5.5
5.5

4.9

Female

Male

ETV6/ABLI (Mori et al. 2016)

46,XY — 46,XY,1(9;12)(q34.1;p13.23)

46,XX
46,XY

ND

19.4
25,6

Ph(—) CML

14.7 13.2 79.5%

71
59

Normo
Normo
ND

70.5

15.1

2.3
10.8

1

Female

Male

26.6

Lymphoma

53.6

16.3

65
69

53.0

17.2

13.4

Male

CLI11

46,XX
ND

19.8

ITP

NA
ND

73.0

140
305

14.1

11.6
1

73 Female

CL12

17.7
22.1

Dissection

ITP

61.0

15.0

5.0
4.5

1.1

Female

58
78
84
63

CL14

ASXLI

NA

NA

77.0

126
373
404
677

13.7

12.8

Female

Male

CL15

SETBPI1, ASXL1

46,XY —46,XY,i(17)(q10)

18.6

NA

Ph(~) CML

Hyper

84.0%*

4.4 11.8

20.7

1.7

CL16
PT1
PT2
PT3
PT4
PTS

46,XX,dup(1)(q21¢32)[5}/46,XX[13]

46,XX

History of AA

Slightly hypo  Resolved

Hypo

26.5%

12.9

4.1

Female

CALR, ASXL1

SETBPI

24.4

Resolved

55.0

Female 6.6 4.7 143

Male

71

46,XY.del (7)(q21.23q31.322)
46,XY

46,XX

20.8

72.5 Hyper

1099
2611
514

15.3

5.1

7.1

37
74
29

JAK2, ASXLI

17.0

NA

NA
NA

Hyper
NA

71.6

32 9.3

42

942
5.5

Male

65.0

12.6

Female
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WBC, white blood cell; RBC, red blood cell; Hb, haemoglobin; BM, bone marrow; BMI, body mass index; RA, rheumatoid arthritis; ND, not done; PV, polycythemia vera; Ph(—) CML, Philadelphia chromosome-negative chronic myeloid

leukaemia; NA, not available; ITP, idiopathic thrombocytopenic purpura; AA, aplastic anaemia. *With myelocytes.

Materials and methods
Patients

Thirteen patients with chronic leucocytosis (CL1-16) and
five patients with persistent thrombocytosis (PT1-5) were
retrospectively analysed in this study (table 1). Patients who
satisfied the following criteria were included in the study:
leucocytosis (white blood cell count more than two standard
deviations above the mean, or a value greater than 11.0 x
10°/L, predominantly neutrophils), the absence of any
apparent cause of leucocytosis, and documentation of the
leucocytosis over a prolonged period of time (Ward and
Reinhard 1971). The period of observation was one year or
longer in 12 of the 13 patients. Patients with unexplained
persistent thrombocytosis (greater than 400 x 10°/L) and
haematological diseases showing thrombocytosis who did
not satisfy the criteria of ET (World Health Organization
Classification 2008) were also analysed.

Samples

Neutrophils or mononuclear cells were collected after
obtaining written informed consent. Genomic DNA was
extracted using a QIAamp DNA blood mini kit (Qiagen,
Valencia, USA). Total RNA was extracted with TRIZOL
(Invitrogen, Carlsbad, USA) in nine patients with leucocy-
tosis. This research complied with the guidelines for human
studies and was conducted ethically in accordance with the
World Medical Association Declaration of Helsinki. This
study protocol was approved by the ethical committee of
Tokyo Women’s Medical University.

AS-PCR

Allele-specific polymerase chain reaction (AS-PCR) was
performed to screen JAK2 V617F mutation (Baxter et al.
2005).

Direct sequencing

Sequencing was performed in both directions with a 3730xL
DNA Analyzer (Life Technologies, Carlsbad, USA). Muta-
tions within hot spots were analysed by direct sequencing in
CSF3R, JAK2, CALR, SETBPI, ETNKI, CBL, TET2,
ASXL1, EZH2, IDHI/IDH2, DNMT34, U24AF1, MPL and
CEBPA genes.

ETV6/ABLI and BCR/ABLI fusions

Reverse transcriptase PCR (RT-PCR) analysis was per-
formed between ETV6 and ABLI genes in nine patients with
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chronic leucocytosis (Mori et al. 2016). The BCR/ABLI
fusion gene was analysed by RT-PCR or fluorescence in situ
hybridization (FISH) in eight patients with leucocytosis and/
or thrombocytosis.

Results
Chronic leucocytosis patients

One patient had an elevated red blood cell (RBC) count and
she developed PV after administration of iron (CL6, table 1).
Another patient had leucocytosis for 20 years consistent with
CIL (CL7). Another patient with a normal karyotype (CL16)
progressed to blast crisis of Ph(—) CML accompanied by
i(17)(q10). Of the remaining 10 patients with possible CIL,
the disease resolved in one of them after diagnosis and
resection of an adrenal gland adenoma (CL1), and nine had
stable disease. Eight of the 13 patients were active cigarette
smokers. Obesity (body mass index >26) was observed in
three of 11 patients.

Persistent thrombocytosis patients

One patient had a past history of aplastic anaemia, and
dup(1)(q21q32) was recently detected (PT1, table 1).
Another patient was initially suspected as having ET (PT2).
However, thrombocytosis unexpectedly resolved in both
patients. Bone marrow (BM) examination showed del
(7)(q21.739q31.3?72) in PT3, and myelodysplastic syndrome/
MPN was very likely. This patient eventually progressed to
acute myeloid leukaemia. PT4 had marked leucocytosis and
thrombocytosis which were reminiscent of CML, but BM
examination and a lack of t(9;22)(q34;ql1) or BCR/ABLI
fusions led to a diagnosis of pre-PMF.

Mutations in chronic leucocytosis patients

Mutations of the JAK2, SETBPI and ASXLI genes were
found in one, one, and two of the 13 patients with chronic
leucocytosis, respectively (figure 1; table 1). The patient
with an elevated RBC count had a mutation c¢.1849G>T
(p.Val617Phe) of the JAK2 gene (JAK2 V617F mutation)
and developed PV (CL6, figure la). We previously
reported that a novel translocation resulted in the ETV6-
ABLI fusion gene in a patient with Ph(—) CML (Mori
et al. 2016). The Ph(—) CML stage eventually progressed
from the CIL stage in CL7. CL16 had a missense muta-
tion ¢.2609G>A (p.Gly870Asp) of the SETBPI gene
(exon 3) and c¢.1934dupG (p.Gly646TrpfsTer12) in the
ASXL1 gene (exon 12) (figure 1, b&c). In contrast,
another patient with a missense mutation c.1954G>A
(p.Gly652Ser) in the ASXLI gene (exon 12) had
stable disease (CL15, figure Ic).
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Mutations in persistent thrombocytosis patients

Mutations of the JAK2, CALR, SETBP1 and ASXLI genes
were found in one, one, one and two of the five patients with
persistent thrombocytosis, respectively (figure 1; table 1).
Mutations were not found in PT1, while PT2 had ¢.1092-
1143del (p.Leu367ThrfsTer46, type 1 mutation) in the CALR
gene and c¢.2468delT (p.Leu823Ter) in the ASXL/ gene
(exon 14) (figure 1, d&e). PT3 had a missense mutation
¢.2602G>A (p.Asp868Asn) of the SETBPI gene (exon 3)
(figure 1f), but not the JAK2, CALR or MPL genes. The
mutation of the SETBPI gene in PT3 was identical to those
reported in Schinzel-Giedion syndrome, but he did not have
any features of that syndrome (Hoischen ez al. 2010; Piazza
et al. 2013). PT4 had the JAK2 V617F mutation and
¢.3085dupG (p.Val1029GlyfsTerS) in the ASXLI gene (exon
14) (figure le).

ETV6/ABLI and BCR/ABLI fusions

No ETV6/ABLI fusions were found by RT-PCR analysis in
the nine patients with chronic leucocytosis except CL7
(figure 1g) (Mori et al. 2016). The BCR/ABLI fusion gene
was not detected by FISH or RT-PCR in the eight patients
with leucocytosis and/or thrombocytosis (figure 1, h&i).

Discussion

CIL is considered a rare clinical condition. Previous studies
showed smoking and obesity were associated with CIL
(Ward and Reinhard 1971; Herishanu et al. 2006; Weir et al.
2011). A previous study indicated that no haematological
neoplasms other than CML were associated with CIL. Of the
patients with MPN reviewed at the time of their initial
diagnosis, only CML occasionally presented with a clinical
picture consistent with CIL (Weir et al. 2011). Our study
showed that patients with PV and Ph(—) CML in the early
stage may present with a clinical picture consistent with CIL.

Previous studies recommended that persistent neutrophilia
be evaluated by history, complete blood cell counts, and
review of blood smears, while indications for additional tests
were based on abnormalities of RBCs, platelets, monocytes,
eosinophils, basophils, myelocytes, FISH or PCR for BCR-
ABLI, and BM examination (Weir et al. 2011).

This study adds a mutation spectrum in CIL and persistent
thrombocytosis, and most of these have not been studied in
patients with these conditions. BCR/ABLI fusions were
previously reported in some patients with chronic leucocy-
tosis (Weir ef al. 2011), whereas ETV6-ABLI fusions have
not been studied. Mutations of the JAK2, ASXL1 or SETBPI
gene have not been reported in CIL or persistent thrombo-
cytosis. Mutations of the CALR gene were reported in ET
and PMF (Nangalia et al. 2013), but not in unexplained
persistent thrombocytosis.
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Although mutations associated with CIL were not fully
elucidated in this small study, chronic leucocytosis patients
who had mutations of the JAK2, ASXLI or SETBPI genes
and cytogenetic abnormalities tended to develop haemato-
logical neoplasms.

Persistent thrombocytosis is thought to be less common
than chronic leucocytosis. In the present study, cytogenetic
abnormalities had recently been detected in PT1 and PT2
was compatible with ET except for the subsequent normal-
ization of platelet counts. Moreover, although PT5 did not
have any evidence of clonality, PT5 may have had triple
negative ET. Therefore, the presence of persistent ‘idio-
pathic’ thrombocytosis is uncertain in comparison with CIL.

Recent studies revealed clonal haematopoiesis in elderly
persons (Xie et al. 2014; Genovese et al. 2014; Jaiswal et al.
2014). Since mutations in the ASXLI and JAK2 genes have
been reported to occur with ageing, the patient who had
ASXLI mutation but showed a stable leucocyte count may
have had clonal haematopoiesis (CL15). Further prospective
studies will elucidate the significance of these mutations in
such patients.
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