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Figure 6 PB-Catenin can be directly phosphorylated by FLT3. (@) Physical interaction between FLT3 and B-catenin. (a, b) MOLM-13 and THP-1
cells were treated with or without PKC412 or FL, respectively. After cell lysis, 1 mg of total protein was immunoprecipitated with an antibody
recognizing either FLT3 (a) or B-catenin (b). To demonstrate specificity of the reaction, an equal amount of protein lysate was immunoprecipitated
with control IgG. After SDS-PAGE and electrotransfer, blots were probed with antibodies to both FLT3 and B-catenin as described. The level of
B-catenin and FLT3 protein in whole-cell lysates is shown in the lower panel. (¢) /n vitro kinase assay. Recombinant B-catenin was incubated
with recombinant active FLT3 in an in vitro kinase reaction buffer containing either active FLT3 kinase alone, or active FLT3 kinase and AG1296.
To demonstrate the specificity of the reaction, albumin was substituted for B-catenin. After the reaction, proteins were resolved by SDS-PAGE
and immunoblotted for phosphotyrosine {top panel). The membrane was stripped and reprobed with anti-p-catenin antibody (middle panel).
The membrane was stained with Ponceau S to identify the location of albumin (bottom panel).
nucleus and the cytoplasm, its retention in one location or endogenous activated FLT3 binds endogenous B-catenin, and
the other appears to be mediated by association with other  in vitro kinase assays showed that recombinant active FLT3
proteins.*? Tyrosine-phosphorylated fB-catenin preferentially  kinase can phosphorylate tyrosine residues of B-catenin directly.
* associates with the BCL9 homolog BCL9-2, which promotes its FLT3-dependent B-catenin tyrosine phosphorylation was con-
nuclear retention and association with TCF,** thereby stimulat-  firmed in cells by using pharmacologic FLT3 inhibitors, FLT3
ing TCF-driven transcriptional activity.?>333%% Although it has  siRNA and the FLT3 activator FL. In MOLM-13 AML cells,
been reported that several tyrosine kinases phosphorylate  treatment with FLT3 inhibitor suppressed both FLT3 and
B-catenin in vivo or in vitro (for example, Src kinase,** ErbB2*  B-catenin tyrosine phosphorylation, concomitant with de-
and oncogenic mutants of RON and MET?%%), there has been  creased FLT3 and B-catenin association. Dependence of B-
no investigation of FLT3 in this regard, nor of other tyrosine  catenin tyrosine phosphorylation on FLT3 was confirmed when
kinases in hematologic malignancies. FLT3 expression was silenced with siRNA. In contrast, treatment
In the current study, we investigated the relationship between  of THP-1 cells with FL increased phosphorylation of FLT3 and
FLT3 activation and the tyrosine phosphorylation status of  B-catenin, and increased the association of FLT3 and B-catenin.
f-catenin. Tyrosine phosphorylation of p-catenin is markedly  PB-catenin was located primarily in the nucleus in FLT3-ITD AML
increased in activated mutant FLT3 transfectants, FLT3-ITD-32D  cells, while it was located mainly in the cytoplasm in FLT3-WT
and FLT3-TKD-32D, compared to the FLT3-WT transfectant ~ AML cells. Nuclear localization of B-catenin was decreased by
FLT3-WT-32D. Moreover, although the B-catenin expression PKC412 and FLT3 siRNA treatment and was increased by FL
level was lower in the FLT3-ITD human leukemia cell line treatment. Real-time RT-PCR confirmed that nuclear localiza-
MOLM-13 than in the FLT3-WT leukemia cell line THP-1, tion of B-catenin was correlated with its enhanced transcrip-
B-catenin was highly tyrosine-phosphorylated in MOLM-13 tional activity. Furthermore, the ex vivo data obtained from
but not in THP-1. Immunoprecipitation assays showed that  FLT3-ITD-positive AML patient bone marrow mononuclear cells
Leukemia
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Figure 7 Tyrosine phosphorylation of B-catenin in bone marrow
mononuclear cells of FLT3-ITD-positive AML patients is suppressed
following FLT3 inhibition. (a) A total of 2 x 107 cells from patients with
FLY3-ITD-positive AML were incubated with or without CEP-701
(50nMm) for the times indicated and then subjected to immunopreci-
pitation and westem blotting as described in the legend to Figure 1. (b)
optical density ratios of phosphotyrosine/FLT3 and phosphotyrosine/B-
catenin were obtained using a GS-800 densitometer with Quantity
One software, and statistical analysis was performed using StatView
software.

support the potential clinical relevance of FLT3-dependent
B-catenin tyrosine phosphorylation.

Although FLT3 activates PI3K** and signaling via PI3K/AKT
stabilizes P-catenin protein level through inhibition of
GSK3B,222*38 yse of a GSK3p inhibitor revealed that FLT3-
dependent regulation of tyrosine phosphorylation of B-catenin is
not mediated by FLT3 activation of the PI3K/AKT axis. These
data suggest that two mechanisms might exist to regulate
B-catenin in FLT3-AML cells: (1) B-catenin protein stabilization
via PI3K/AKT and (2) P-catenin tyrosine phosphorylation
mediated directly by FLT3 kinase. Taken together, our data
strongly suggest that tyrosine phosphorylation of B-catenin by
FLT3 is one of the principal mechanisms by which FLT3
activates B-catenin signaling, and that enhanced nuclear
B-catenin signaling promotes malignant transformation asso-
ciated with activating FLT3 mutations.

Recently, deregulated nuclear B-catenin signaling has been
reported in a wide range of hematologic malignancies. It is
therefore of interest that over 40 chromosomal translocations
leading to deregulation of at least 12 protein tyrosine kinases
have been reported in hematologic malignancies, including, for
example, the deregulated tyrosine kinase activities associated
with the oncogenic fusion proteins BCR/ABL and NPM/ALK.*®
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Indeed, BCR/ABL has been shown to promote the tyrosine
phosphorylation and enhanced transcriptional activity of
B-catenin in chronic myelogenous leukemia, and PB-catenin
silencing inhibited proliferation of these cells.*” Further, the
efficacy of disrupting the p-catenin/TCF transcriptional complex
as a therapeutic approach in treating multiple myeloma
has very recently been reported.*® Thus, enhanced B-catenin
nuclear retention and signaling may be a shared downstream
event among various hematologic malignancies and B-catenin
is suggested to be a significant therapeutic target in these
neoplasms.
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achieved morphologic and cytogenetic remission after 2 months ~ References
of treatment with lenalidomide therapy and a second patient
who achieved a platelet response after only 1 month of therapy 1 Shali W, Helias C, Fohrer C, Struskei S, Gervais C, Falkenrodt A
before receiving an unrelated allogeneic stem cell transplant. et al. Cytogenetic studies of a series of 43 consecutive secondary
Both patients remain without any evidence of relapse with a myelodys;_)lastlc syndromes/agute myeloid leukemias: conventional
maximum follow-up of 8 months. czzyét(g)ée;\zg.cs{?’glil-zsand multiplex FISH. Cancer Genet Cytogenet
Both rgdiatlon therapy and_ traditional DNA—mtgractnve anti- 2 List AF, Kurtin S, Roe D, Buresh A, Mahadevan D, Fuchs D et al.
neoplastics, such as alkylating agents and topoisomerase il Efficacy of lenalidomide in myelodypslastic syndromes. N Engl J
inhibitors, are known genotoxins with the potential to induce Med 2005; 352: 549-557.
MDS or acute myeloid leukemia (AML) that commonly harbors 3 List AF, Dewald G, Bennett ), Giagounidis A, Raza A, Feldman E
a chromosome 5q deletion with ?‘igh frequency of evolution to et al. Lenalidomide in the myelodysplastic syndrome with chromo-
AML and short overall survival.*® Our findings indicate that some 5q deletion. N £ng J Med 2006; 355: 1456-1465.
lenalidomide has th . ial i . ith d 4 Pedersen-Bjergaard §, Andersen MK, Chrstiansen DH. Therapy-
enalicomide as therapeutic potential in patler_Its with second- related acute myeloid leukemia and myelodysplasia after high-dose
ary MDS with complex karyotype accompanied by chromo- chemotherapy and autologous stem cell transplantation. Blood
some 5q deletion. 2000; 95: 3273-3279.
5 Darrington DL, Vose |M, Anderson JR, Bierman PJ, Bishop MR,
Chan WC et al. Incidence and characterization of secondary
- . myelodysplastic syndrome and acute myelogenous leukemia
- M Melghert‘, C Williams® and A List' following high-dose chemoradiotherapy and autologous stem-cell
Malignant Hematology, Moffitt Cancer Center and Research transplantation for lymphoid malignancies. J Clin Oncol 1994; 12:
Institute, Magnolia Drive, Tampa, FL, USA and 2527-2534.
?Kansas City Blood and Marrow Transplant Program, Suite, 6 Hake CR, Graubert TA, Fenske TS. Does Autologus transplantation
Kansas, MO, USA directly increase the risk of secondary leukemia in lymphoma
E-mail: melcheme@moffitt.usf.edu patients? Bone Marrow Transplant 2006 [E-pub ahead of print].
Recurrent chromoso;nal aberration at 12q15 in chronic idiopathic myelofibrosis with
. ve17 H
or without JAK2 mutation
Leukemia (2007) 21, 1578-1580; doi:10.1038/sj.leu.2404700; (CMPD);! 78% (393/506) of polycythemia vera (PV) cases have
published online 19 April 2007 JAK2V817F  while only 43% (55/127) of reported chronic
idiopathic myelofibrosis (CIMF) cases have JAK2Y*'7%.2 Thus
the %Jestion naturally arises whether the CIMF patients without
Mutation of JAK2Vé'7F is currently known to play a potential role  JAK2V®'”F might have another pathway towards myelofibrosis or
in the development of chronic myeloproliferative disorders ~ a common pathogenic factor may exist with or without the
Table 1 JAK2-V617F status and cytogenetic results at the time of myelofibrosis
Case no. Age at diagnosis/sex Cytogenetics at the time of myelofibrosis JAK2 VB17F
Idiopathic myelofibrosis
JAK2_0048 41/male 46,XY.4(1;12)(p34;q15){10] G/G
JAK2_0039 56/male 46,XY,del(11)(q13)[18)/46, XY[3] G/G
JAKZ_0057 78/female 46,XX[21] G/G
JAK2_0098 67/male 46,XY,del(20)(q11)[5)/46,XY[3] G/G
JAK2 0112 33/male 46,XY[23] G/G
JAK2_0163 63/female 46,XX.4(12;20)(q15;q11){7)/47.XX,+9[10] G
JAK2_0036 54/male 46, XY,del(20)(q1 1)[2)/ GT
. 46,XY,idem,1(2;17)(q24;q22){13)/
46,XY,idem.,i(17q)[5]
JAK2_0105 70/male 48,XY,add(9)(p21){16] G/T
JAKZ2_0148 56/male 46,XY[21] T/T
Myelofibrosis with prior history of myelodysplastic syndrome
JAK2_0021 70/male 46, XY,1(4;12)(q27;q15)[22)° e
Polycythemia vera developing myelofibrosis
JAK2_0042 55/female 46,XX,del(7)(g22)[9)/45.X,add(X)(p22),—18[6}/ G/T
46,XX[5]
JAK2_0061 60/female 46,XX tan(1q12-1qgten{8)/46,XX[1] G/T
JAK2_0065 43/female 43.XX,-1,-3,-7,-9,~10,-12,-13, T/T
—16,+5m[13)/46,XX[8]
JAK2_0118 46/female 46,XX[20} o
JAK2_0141 62/male 46,XY[20] o
Leukemia
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Table 1 Continued
Case no. Age at diagnosis/sex Cytogenetics at the time of myelofibrosis JAK2 VB17F
Essential thrombocythemia developing myelofibrosis
JAK2_0013 58/female 46,XX[13] G/G
JAK2_0035° 49/male 46,XY,1{2;5)(p16;g14),add(11)(q23)[23] G/G
JAK2_0005° 57/male 46,XY,+1,der(1;7)(q10;p10),del(20)(g11){20)/ G/T
46,XY,idem,add(18)(p11)[2)/46.XY[4]
JAK2_0034 67/male 46,XY.i(7q)[6)/48,XY,+8,+21[9])/46,XY[6] G/T
JAK2_0054° 59/male 46,XY,+1,der(1;7)(q10;p10)[9)/46,XY[3) G/T
JAK2_0055 76/male 46,XY,add(18)(p11)[20] G/T
JAK2_0158 46/female 46 XX[17] G/T
*This case was reported as myelodysplastic syndrome developing myelofibrosis with a 6-year interval;®> however, the continuity of the disease is
uncertain.®
PJAK2_0035 was UPN-12, JAK2_0005 was UPN-6 and JAK2_0054 was UPN-8 in Hsiao et a/.®
Bold signifies chromosomal translocations involving 12 of 15 region.

presence of JAK2VE17F, During the series of mutational assay of
JAK2Y®7F in CMPD using the sequence- specific primer-single
molecule fluorescence detection assay,? we studied cytogenetic

der(1;7)( (110 ;p10) had a prior ET diagnosis® with heterozygous
JAK2YS17F (Table 1). Of the nine patients with CIMF and one
myelofibrosis associated with MDS, four had heterozygous and

changes in nine patients with CIMF, 51 with essential
thrombocythemia (ET) and 34 with PV. Myelofibrosis developed
in seven of 51 patients (13.7%) with ET and five of 34 patients
(14.7%) with PV, and we compared clinical and cytogenetic
changes between patients with CIMF and those with myelo-
fibrosis developing in PV/ET.

The group of patients with myelofibrosis associated with PV/
ET had high incidences of history of thrombosis (4/12 versus 0/9;
P=0.0542), requirement of cytoreductive chemotherapy (12/12
versus 5/9; P=0.0103) and acute leukemia development (7/12
versus 1/9; P=0.0274) compared with the CIMF group.
Depending on the status of JAK2V®'’F, the group of patients
with myelofibrosis associated with PV/ET with GT/TT mutation
of JAK2 had a high incidence of chemotherapy requirement (10/
10 versus 2/4; P=0.0157) and tended to have a frequent
thrombosis history (4/10 versus 0/4; P=0.1345) (Supplementary
Table 1). However, there was no particular difference in the
percentage of abnormal karyotypes at the time of myelofibrosis
according to CIMF diagnosis or the mutational status of
JAK2V®'7F. We also noted a high frequency of myelofibrosis
development in patients with JAK2Y®'7F in PV (wild-type
JAK2/heterozygous  JAK2V®'7F/homozygous  JAK2Ve'F:  0/9
versus 2/18 versus 3/7: P=0.0460), but not in ET (2/18 versus
5/30 versus 0/1: P=0.7970), in agreement with the report by
Kralovics et al.*

In myelofibrosis patients, we noticed that two of the nine
patients with CIMF had chromosome abnormalities at the 12q15
region; one had t(1;12)(p34;q15), while the other had
t(12;20Xq15;q112) (Table 1 and Figure 1). Another patient
(JAK2_0021) reported as showing t(4;12)(q31;g21) had a prior
“history of myelodysplastic syndrome (MDS)-refractory anemia
with a normal karyotype 6 vyears before myelofibrosis.”
Re-assessment by the spectral karyotypic analysis revealed that
this anomaly was t(4;12)(q27;q15) (Supplementary Figure 1). In
contrast to the resuits of CIMF, no patients with myelofibrosis
developing from PV/ET had 12q15 anomaly. Of the 12 patients
with myelofibrosis associated with PV/ET, four had ~7/7q-,
including two with der(1;7)(q10;p10); both patients with

> 4
Figure 1 Partial quinacrine-banded karyotypes obtained from two
patients with chronic idiopathic myelofibrosis (JAK2_0048 and
JAK2_0163) and one patient with myelofibrosis with prior history of
myelodysplastic syndrome (JAK2_0021) showing 12q15 anomalies,
that is, t(1;12)(p34;q15), t(12;20)q15;q112) and t(4;12)(q27;q15).
Arrows indicate possible breakpoint of 12q15.

JAK2_0163

JAK2_0021

Leukemia
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one had homozygous JAK2Y®'7%; the 12q15 anomaly was
detected in one patient with wild-type JAK2, while two had
heterozygous JAK2Y6'7F.

Cytogenetic changes in CIMF are well documented: +38,
del(20g), —7/7q—, del(11g) and del(13q) are known to be
recurring nonspecific cytogenetic abnormalities, and some of
them are also detectable in PV or ET patients. In the literature,
Andrieux et al.” reported a possible role in the association
between HMGA?2 and translocation involving 12q15 in CIMF. In
the current study, we found that 12q15 anomaly does not
depend on the JAK2 mutational status; thus genetic anomaly,
independent to JAK2Y®'7F, may exist in CIMF, and molecular
study on the 12q15 region, including HMGA2,® may disclose
another pathogenetic pathway in CIMF. The 12q15 chromo-
somal abnormality was recurrently detected in patients with
CIMF, while der(1;7)(q10;p10) was only noted in ET patients
who had myelofibrosis with JAK2V®'7F.¢ These findings clearly
indicate that myelofibrosis among CMPD might be cytogene-
tically heterogeneous.
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Neighboring adipocytes participate in the bone marrow microenvironment of multiple

myeloma cells

Leukemia (2007) 21, 1580-1584; doi:10.1038/sj.leu.2404658;
published online 22 March 2007

Multiple myeloma (MM) is a hematological malignancy,
characterized by the accumulation of monoclonal plasma cells
in the bone marrow (BM). MM disease progression has been
recently recognized as the result of an evolving crosstalk
between different cell types within the BM. Although genetically
abnormal plasma cells define the tumor compartment itself, the
surrounding and interwoven stroma provides the supporting
framework of the tumor. This framework includes extracellular
matrix proteins, secreted growth factors and cellular interactions
with fibroblasts, macrophages, endothelial cells, osteoblasts and
osteoclasts.” Little attention has been given to another cell type
present in the BM cavity: namely the adipocyte. These are
absent in the BM of a new-born individual; however, their
number increases with advancing age, resulting in adipocytic
deposits occupying up to 70% of the BM cavity in elderly
persons. MM is typically a disease of the elderly with

Leukemia

a median age of diagnosis of 65 years and the incidence
increases with age. Knowing that with advancing age, the
BM cavity is filled with adipocytes and that MM cells
closely interact with their neighboring cells, we assumed
functional interactions between BM adipocytes and MM cells.
We studied these interactions using the 5T33MM model and the
human MMS5.1 celi line. In this study, we further tried to
characterize the secreted cytokines and explored the potential
role of leptin in mediating the effects of adipocytes. We finally
evaluated the expression of leptin receptor on both murine and
human MM cells and tried to correlate this with different clinical
parameters.

From the observation that MM cells, at interstitial disease
stages, can be found in close contact with adipocytes,
functional interactions between these cells are reasonable
and prompted us to start in vitro tests. The murine BM
adipocytic cell line 14F1.1 (obtained from Professor Zipori D,
Department of Molecular Cell Biology, The Weizmann Institute
of Science, Rehovot, Israel) and primary isolated human
adipocytes were used. The 14F1.1 cells initially have a
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Abstract

We performed a randomized, controlled study comparing the prophylactic effects of capsule forms of fluconazole (n = 110)
and itraconazole (n = 108) in patients with acute myeloid leukemia (AML) or myelodysplastic syndromes (MDS) during and
after chemotherapy. There were 4 cases with possible systemic fungal infection in the itraconazole group, and there were 8 pos-
sible and 3 probable cases in the fluconazole group. Adverse events did not significantly differ in the 2 groups. In patients with
MDS or in the remission-induction phase of chemotherapy, the numbers of cases with probable or possible infections were
lower in the itraconazole group than in the fluconazole group, whereas no difference was seen in patients with AML or in the
consolidation phase of therapy. In patients with neutrophil counts of <0.1 x 10°/L lasting for more than 4 weeks, the frequency
of infection in the fluconazole group (5 of 9 patients) was significantly higher than in the itraconazole group (0 of 7 patients;
P =.03). Our results suggest that both drugs were well tolerated in patients with AML or MDS who received chemotherapy
and that the efficacy of itraconazole for prophylaxis against systemic fungal disease is not inferior to that of fluconazole.
Int J Hematol. 2007;85:121-127. doi: 10.1532/1JH97.06079
© 2007 The Japanese Society of Hematology
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1. Introduction chemotherapy has been studied for many years. A previous
meta-analysis showed that antifungal prophylaxis resulted in
Systemic fungal infection is the major cause of death in significant reductions in fungal infection-related mortality
patients with severe neutropenia. Prophylaxis of systemic and invasive fungal infection compared with the control
fungal infections during neutropenia after anticancer group [1]. In patients undergoing hematopoietic stem cell
transplantation or with prolonged neutropenia, overall
mortality was improved by antifungal prophylaxis [1].
Fluconazole is widely used to prevent systemic fungal

Correspondence and reprint requests: Yoshikazu Ito, MD, First infection during the treatment of hematologic malignancies
Department of Internal Medicine, Tokyo Medical University, 6-7-1- [2]. Fluconazole is not fully effective against Candida other
Nishishinjuku, Shinjuku-ku, Tokyo 160-0023, Japan; 81-3-3342-6111 than C albicans and is not effective against Aspergillus,
ext 5895; fax: 81-3-5381-6651 (e-mail: yito@tokyo-med.ac jp). whereas itraconazole reportedly exhibits activity against
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these fungi [3,4]. Another meta-analysis showed a significant
reduction in invasive fungal infection by the prophylactic use
of itraconazole [5]. A recent meta-analysis of multiple ran-
domized trials of fluconazole and itraconazole failed to
demonstrate any significant difference in mortality or the
frequency of invasive fungal infection [6]. An additional
randomized study comparing itraconazole and fluconazole
may be needed.

In Japan, no randomized multicenter study comparing
itraconazole and fluconazole has been published. It is also
important to determine whether there is any difference
between Japan and Western countries in the effects of anti-
fungal drugs, because the colonizing fungi may be different.
Although the oral-solution form of itraconazole has been
recommended for prophylactic use to prevent systemic fun-
gal infection [5], only the capsule form is available in Japan;
however, the capsule form of itraconazole has an inherent
problem with aberrant absorption through the intestine [7].
The prophylactic effect of the capsule form must also be
studied. We tried to perform a randomized, controlled study
to investigate the noninferiority of itraconazole capsules
versus fluconazole capsules for systemic fungal infection
prophylaxis in patients receiving intensive chemotherapy
for acute myeloid leukemia (AML) or high-risk myelodys-
plastic syndromes (MDS).

2. Patients and Methods
2.1. Patients

Each institution was required to obtain approval by the
local institutional review board for the treatment protocol
and the consent forms. Adult patients with AML or MDS
who were to receive conventional chemotherapy as a remis-
sion-induction or consolidation therapy were eligible for
the study, because their neutrophil counts were expected to
fall to less than 1.0 x 10%L..Both untreated and relapsed
patients were enrolled in the study. The use of laminar air-
flow was not included in the eligibility criteria on the
assumption that the patients in each group would be
treated the same in a single institution. Considering the
interaction of other concomitantly used drugs with itra-
conazole or fluconazole, patients taking triazolam,
pimozide, quinidine sulfate, simvastatin, azelnidipine, ergo-
tamine, or dihydroergotamine were excluded. Pregnant
women, patients with hepatic dysfunction, and those with a
history of sensitive reaction to itraconazole or fluconazole
were also excluded. Informed consent was obtained in writ-
ing prior to enrollment.

2.2. Study Protocol

The eligibility of patients was evaluated in each institu-
tion. The diagnosis, according to French-American-British
classification criteria and the type of chemotherapy, was
described in the registration form that was sent to the regis-
tration center by fax when a course of chemotherapy was to
be administered. Patients were randomized by computer to
receive either itraconazole or fluconazole. Reregistration
and individual rerandomization were permitted for patients

who had not developed systemic fungal infection in the
previous course of chemotherapy.

To prevent Gram-negative bacterial infection during and
after chemotherapy, we administered 300 mg levofloxacin
(100 mg, 3 times a day) orally to all patients. Each group was
orally administered 200 mg of itraconazole capsules (once a
day) or 200 mg of fluconazole capsules (once a day). Although
serum itraconazole or fluconazole concentrations were not
measured in this study, the itraconazole dosage was based on
a previous study in Japan, which suggested that 200 mg a day
was more effective than 100 mg [8]. In cases of febrile neu-
tropenia during or after chemotherapy, antibacterial treatment
was given according to the Japanese guidelines for treating
febrile neutropenia [9]. All prophylactic drugs were started
together with chemotherapy and were continued until the
improvement of neutrophil counts to 1 x 10°L, the improve-
ment of leukocyte counts to 2 x 10%L, or the replacement of
antifungal drugs. Other antifungal agents were prohibited
during the prophylactic period. Oral administration of the
prophylactic antifungal drugs in the study was stopped when
patients required intravenous antifungal therapy. Vinca alkaloids
were avoided because of their interactive effect with itracona-
zole. Patients who wished to discontinue the study treatment
could do so at any time.

A previous nationwide survey in Japan showed that most
patients received a 200-mg dose of fluconazole, the maxi-
mum dose permitted in Japan [10]. Every week we moni-
tored symptoms, signs, and such laboratory data as the
leukocyte count, neutrophil count, and serum C-reactive
protein concentration. Serum B-D-glucan, now widely used
in Japan as a diagnostic marker of fungal infection, was also
measured at least every month. Conducting additional fre-
quent measurements was also encouraged at each institu-
tion. Serum galactomannan was measured if invasive
aspergillosis was suspected. Furthermore, bacteriologic
culturing was performed when necessary. In addition to the
monitoring of subjective and objective symptoms, a radio-
logic examination, including chest computed tomography
scanning, was performed when fungal infection was
suspected.

The frequency of systemic fungal infection in the 2
groups was the primary end point of this study. Fluconazole
prophylaxis was expected to cause fungal infection in 2.8%
to 7% of patients, based on data reported in previous stud-
ies [11,12]. Thus, the number of patients to be registered
was calculated to obtain a result similar to these 2 studies
[11,12] with a power of 0.6, considering the general diffi-
culty in recruiting participants into a prospective study
in Japan.

Our diagnostic criteria for systemic fungal infection
were based on the criteria of the European Organisation
for Research and Treatment of Cancer (EORTC) [13], and
the guidelines of the Japanese Deep-Seated Mycosis
Guidelines Editorial Committee were used [14]. We divided
patients into 3 groups with respect to systemic fungal infec-
tion (ie, proven, probable, and possible fungal infection).
Proven infection was diagnosed when fungus was identified
pathologically or microbiologically and its presence was
accompanied by symptoms compatible with systemic fungal
infection. Probable infection was defined as findings
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Table 1.
Characteristics of Patients*
Itraconazole Fluconazole
Group Group
Cases enrolled, n 108 110
Evaluable 103 106
Not evaluable 5 4
Age, yt 58 (16-80) 53 (16-80)
Male/female sex, n 57/46 64/42
Therapy, n
Induction 41 44
Consolidation - 62 62
AML, n 88 93
MO 4 1
M1 13 16
M2 36 41
M3 8 14
M4 11 4
M5 14 15
M6 2 1
Unclassifiable 0 1
MDS, n 15 13
RAEB 4 2
RAEBt 1 0
CMML 1 2
Post-MDS AML 9 9

36.7 (35.3-39.4)
1.580 (0-26.576)
3.445 3.250
(0.360-91.200) (0.600-64.200)

*AML indicates acute myeloid leukemia; MDS, myelodysplastic
syndrome; RAEB, refractory anemia with excess of blasts; RAEBt, RAEB
in transformation; CMML, chronic myelomonocytic leukemia.

tData are presented as the median (range).

36.7 (35.7-38.0)
1.591 (0-13.832)

Body temperature, °Ct
Neutrophil count, x10°/Lt
Leukocyte count, x10%/Lt

compatible with. systemic fungal infection according to
computed tomography or radiography results and accom-
panied by positive results of mycologic examinations.
Intraocular candidiasis was also considered as probable
infection according to the criteria of the Japanese guide-
lines. Possible infection was diagnosed in cases with at least
1 positive finding in a computed tomographic, radiographic,
or serologic examination that suggested a systemic fungal
infection. The diagnosis of systemic fungal infection was
made at each institution. Because the EORTC criteria are
heavily dependent on the suspicion and positive action of
responsible doctors and on the activity of institutions, addi-
tional evaluation of the diagnostic process was conducted in
each case at the headquarters of our study group, in an
effort to reduce interinstitution bias.

2.3. Statistical Analysis

Data were statistically analyzed with the ¥ test, the Fisher
exact probability test, or the Student ¢ test, and a P value
of less than .05 was considered to indicate statistical signifi-
cance. Data from initial and repeated prophylactic treat-
ments were analyzed separately, because the primary
end point was set to be a breakthrough for systemic fungal
infection.

3. Results

A total of 218 episodes were recorded in the 142 patients
from 33 institutions throughout Japan enrolled between June
2003 and March 2005 (Table 1). Patients were randomized
into either itraconazole (108 episodes) or fluconazole (110
episodes) groups. Nine episodes (5 in the itraconazole group
and 4 in the fluconazole group) were not evaluable because of
the inappropriate administration of antifungal drugs. Among
the remaining 209 episodes (103 in the itraconazole and 106
in the fluconazole group), the median age was 58 years (range,
16-80 years) in the itraconazole group and 53 years (range,
16-80 years) in the fluconazole group. Background character-
istics, including subcategories of leukemia or MDS, types of
therapy, and the male-female ratio were similar in the
2 groups. Median body temperatures and neutrophil and
leukocyte counts were also similar in the 2 groups. Among
the evaluable patients, 64 (62.1%) of 103 episodes in the itra-
conazole group developed febrile neutropenia, compared
with 73 (68.9%) of 106 episodes in the fluconazole group
(Table 2). In 21 (20.4%) of 103 episodes in the itraconazole
group and 20 (18.9%) of 106 episodes in the fluconazole
group, intravenous antifungal drugs were empirically used
instead of discontinuing the prophylactic use of oral antifun-
gals. According to our diagnostic criteria, 4 possible and no
probable cases of systemic fungal infection were noted in the
itraconazole group, and 8 possible and 3 probable cases were
seen in the fluconazole group (Table 3). There were no cases
of proven systemic fungal infection in either group.

We also analyzed serologic test results for the presence
of fungi (Table 4). Serum B-D-glucan was measured in 59
episodes in the itraconazole group and in 70 episodes in the
fluconazole group. Among these episodes, 4 patients in the
itraconazole group and 2 in the fluconazole group were pos-
itive for B-D-glucan before the start of chemotherapy. In
4 episodes in the fluconazole group, the serum B-D-glucan
concentration increased from undetectable to the positive
range, whereas no increase was found in the itraconazole
group. Serum galactomannan was also tested in 6 episodes in
the itraconazole group and 11 episodes in the fluconazole

Table 2.

Infection-Related Events during and after Chemotherapy*

Itraconazole, n Fluconazole, n Pt

Systemic fungal infection 4 11 A2
Proven 0 0
Probable 0 3 .26
Possible 4 8
Febrile neutropenia 64 73 31
Empiric use of intravenous 21 20 .78
antifungals
Micafungin 18 18
Fluconazole (o] 1
Fosfluconazole 2 0
Amphotericin B 1 1

*Systemic fungal infection was diagnosed with the criteria described
in the text. The difference between the 2 groups was not statistically
significant at any stage.

12 test.
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Table 3.

Details of 3 Probable Cases of Systemic Funga! Infection in the Fluconazole Group™

Age, y Sex Diagnosis Chemotherapy Fungal Infection

73 M AML: M2 Induction Invasive pulmonary aspergillosis
56 F AML: M2 Induction Invasive pulmonary aspergillosis
50 M AML: M2 Consolidation Intraocular candidiasis

*AML indicates acute myeloid leukemia.

group. With a cutoff of 0.5, 4 patients with 4 episodes in the
fluconazole group tested positive, compared with only
1 patient (1 episode) in the itraconazole group.

Adverse events are shown in Table 5. Four episodes in
the itraconazole group and 2 in the fluconazole group were
associated with adverse events. Among them, discontinuation
of the study was necessary following 4 episodes in 4 patients
of the itraconazole group and 1 episode in the fluconazole
group. In the itraconazole group, 3 episodes of erythema and
1 of liver dysfunction were seen, and 1 episode with renal dys-
function and 1 with gingivitis were noted in the fluconazole
group.

Possible risk factors for systemic fungal infection were
established to divide patients into subgroups (Table 6). Risks
associated with induction therapy are usually higher than
those of consolidation therapy. In patients receiving remis-
sion-induction therapy, probable and possible systemic fun-
gal infections were found in 2 (4.9%) of 41 episodes in the
itraconazole group,and 7 (15.9%) of 44 episodes were found
in the fluconazole group. The numbers of patients who
received consolidation therapy were similar in the 2 groups.
In patients with MDS, a susceptibility to infection or a delay
of recovery from bone marrow suppression is occasionally
seen after chemotherapy. MDS is considered to involve a
greater risk of developing severe infection compared with de
novo AML. Among patients with MDS, there was no episode

Table 4.
Results of Serologic Examination*
Itraconazole, n Fluconazole, n Pt
B-D-glucan
Tested 59 70
Initially positive 4 2
Evaluable 55 68
Increased to positive 0(0%) 4 (5.9%) 19
range
Galactomannan
Tested 6 11
Increased to positive range
1.5 or greater 0 1
1.0 or greater 0 2
0.5 or greater 1 4 77

*Cutoff values provided by each manufacturer were used to deter-
mine the positivity of serum B-D-glucan tests. Galactomannan values
are expressed as the absorbance of the patient serum sample divided by
the average of the absorbances of the control samples from the assay
kit. Differences between the 2 groups were not statistically significant at
any stage.

12 test.

(0%) of probable or possible systemic fungal infection
among 15 episodes in the itraconazole group, whereas 3
episodes (23.1%) of possible infection were noted among
13 episodes in the fluconazole group. In patients with AML,
no difference between the 2 groups in the development
fungal disease was found.

Sustained neutropenia is also a risk factor for invasive
fungal infection. We analyzed the frequency of systemic fun-
gal infection, including probable and possible cases, for 2
subgroups of patients with neutrophil counts of less than
0.5 x 10°L and less than 0.1 x 10°/L (Table 7). These sub-
groups were further subclassified by the duration of neu-
tropenia in each patient. In patients with neutrophil counts
of less than 0.1 x 10%L lasting more than 4 weeks, the fre-
quency of systemic fungal infection in the fluconazole group
(5 of 9 patients) was significantly higher than in the itracona-
zole group (0 of 7 patients; P = .03). In other subgroups, the
frequency of systemic fungal infection was relatively higher
in the fluconazole group compared with itraconazole group,
but the differences were not statistically significant.

4. Discussion

In patients with hematologic malignancies, neutropenia is
commonly observed after chemotherapy. The most common
cause of fever during neutropenia is considered to be infec-
tion, although the rate of positive bacterial cultures is low.
Klastersky proposed the concept of febrile neutropenia, a
persistent fever of unknown origin but strongly suggesting
infectious disease during neutropenia [15]. The empiric use
of antibiotics is recommended in cases with febrile neu-
tropenia before the results of microbiological studies are
obtained. Bacteria are a major pathogen in such cases, but
fungi should also be considered when febrile neutropenia
persists after the administration of antibacterial agents. Once
systemic fungal infection has occurred during neutropenia,

Table S.

Adverse Events*

Itraconazole, n Fluconazole, n Pt

Evaluable cases 103 106
Adverse events
Discontinuation of the study
Erythema

Liver dysfunction

Renal dysfunction

Gingivitis

.65
.35

OO -~~WbH b
2 A0 0 -2 N

*Events of grade 2 or higher were described.
1?2 test.
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Table 6.
Numbers of Patients in Each Subcategory*
ltraconazole, Fluconazole,
n n Pt
Induction therapy 41 44
Systemic fungal infection 2 (4.9%) 7 (15.9%) 19
Probable 0 2
Possible 2 5
Consolidation therapy 62 62
Systemic fungal infection 2 (3.2%) 4(6.5%) .68
Probable 0 1
Possible 2 3
AML 88 93
Systemic fungal infection 4 (4.5%) 8 (8.6%) 43
Probable 0 3
Possible 4 5
MDS 15 13
Systemic fungal infection 0 (0%) 3(23.1%) A7
Probable 0 0
Possible 0 3

*AML indicates acute myeloid leukemia; MDS, myelodysplastic
syndrome.
1y? test.

it is difficult to achieve success with antifungal therapy.
Systemic fungal infection in hematologic malignancies is
generally linked to a poor prognosis; therefore, the empiric
use of antifungal agents is also necessary in neutropenic
patients when fever persists despite the use of antibiotics
[16]. In addition to empiric therapy for neutropenic patients
with persistent fever, the prophylactic use of antifungal drugs
during and after chemotherapy has been studied [1,2,5,6].
The routine use of antifungal prophylaxis for all
neutropenic patients is currently controversial [1,2]. A meta-
analysis by Bow et al showed that antifungal prophylaxis is
effective for reducing the frequency of invasive or superficial
fungal infection and fungal infection-related mortality [1}.
However, the overall mortality did not improve significantly.
In a subset analysis, patients with prolonged neutropenia or
who had undergone allogeneic stem cell transplantation

Table 7.

showed a significant decrease in overall mortality after
receiving antifungal drugs, compared with patients who
received no prophylactic treatment with antifungals [1].
Among antifungal drugs, fluconazole has been widely used as
prophylaxis and is significantly effective in improving overall
mortality for patients who undergo allogeneic stem cell
transplantation. Another meta-analysis was performed by
Kanda et al to clarify the prophylactic effect of fluconazole
[2]. They reported that it decreased the overall mortality in
patients with a risk of greater than 15% for developing sys-
temic fungal infection, whereas no significant effect was seen
in low-risk patients [2]. This result suggests that antifungal
prophylaxis with fluconazole should be considered for
patients with a high risk for fungal infection.

Fluconazole is very active against C albicans, but some
non-albicans Candida species and Aspergillus are resistant to
fluconazole. These fungal infections are not rare in patients
with hematologic disease. Itraconazole has been reported
to inhibit the growth of non-albicans Candida species and
Aspergillus in vitro [3,4]. Itraconazole was also reportedly
used for prophylaxis in patients with hematologic malignan-
cies [5]. A meta-analysis showed a significant reduction in the
frequency of systemic fungal infection with prophylactic itra-
conazole use compared with the control [5]. The effect of
itraconazole on overall mortality is still unclear. Some
studies have been performed to evaluate the difference in
prophylactic effect between itraconazole and fluconazole
[17-21]. A recent meta-analysis comparing itraconazole and
fluconazole showed no significant difference in mortality but
did demonstrate a significant increase in adverse effects in
the itraconazole group [6]. In the analysis, only 5 randomized
studies were included, and the superiority of itraconazole
was also questioned after reanalysis of that study [22,23].
Although the prophylactic use of itraconazole is expected to
be equal to or more effective than fluconazole, there are not
enough data so far to support this expectation.

What category of patients should receive antifungal prophy-
laxis is still controversial. In patients with hematologic malignan-
cies, the immune system condition apart from neutropenia is
quite complicated. Many factors that compromise immunocom-
petence have to be considered in patients who undergo allo-

Numbers of Patients in Subcategories According to Length of Neutropenia Periods*

Itraconazole, n

Fluconazole, n

SFI Cases Total Cases SFi Cases Total Cases P
Neutrophils <0.5 x 10%/L, n
Any period 4 101 11 104 NEL s
>2 wk 4 74 10 77 191
>3 wk 3 51 7 45 .22t
24 wk 1 24 6 26 10%
Neutrophils <0.1 x 10°/L, n
Any period 3 70 9 75 17+
22 wk 2 47 7 43 12t
>3 wk 1 17 6 22 A%
>4 wk 0 7 5 9 .03%
*SFl indicates systemic fungal infection.
1?2 test.

#Fis >r exact probability test.
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geneic stem cell transplantation. Hypogammaglobulinemia in B-
cell malignancies and poor cellular immunity in T-cell tumnors are
problematic. Cellular dysfunction has also been reported in
patients with MDS [24]. The intensity of chemotherapy varies
among leukemias and lymphomas. Remission-induction chemo-
therapy for leukemias is one risk factor for fungal infection, com-
pared with other conditions in which chemotherapy is employed
[25). Mucosal damage induced by chemotherapy is another
important factor in the occurrence of invasive mycotic infection.
Corticosteroid use also compromises the immune system. Many
other possible factors for invasive fungal infection have been dis-
cussed [26]. We have to clarify the indications for the prophylac-
tic use of antifungals, because the routine use of drugs increases
the risk of resistance to multiple antifungal drugs, and their high
costs and risks of adverse events must also be considered.

In studies to verify prophylactic effects, enrolling heteroge-
neous categories of patients sometimes leads to a misinterpre-
tation such that the routine use of prophylactic drugs is
encouraged. Such a misinterpretation was avoided in this
study by enrolling patients with AML or MDS with the expec-
tation that similar types of chemotherapy may be given. To
make the study group as uniform as possible, we did not enroll
patients who were to undergo allogeneic stem cell transplan-
tation. We also excluded lymphoid malignancies, considering
the interaction between itraconazole and the vinca alkaloids
that are often used in combination chemotherapy for such dis-
eases [27]. Drug-drug interaction increases the rate and degree
of adverse events that lead to early termination of the treat-
ment or, conversely, decreases the effect by lowering the blood
levels of the drug. Although overall mortality is a useful pri-
mary end point for a prophylaxis study, the patients in the
present study were expected to have a low mortality. Because
a relatively high frequency of adverse events has been
reported with itraconazole, we were afraid that many patients
would discontinue participation in the study because of
adverse events if we included high-risk patients. Including
large numbers of patients who discontinue drugs makes the
interpretation of a study difficult. Taking all of these back-
ground aspects together, we decided to use the success rate of
prophylaxis as a primary end point in this study.

In this study, we administered 200 mg/day of itraconazole or
200 mg/day of fluconazole. The dosages of both drugs were set
according to domestic regulations. A previous report indicated
that 400 mg of fluconazole was appropriate for high-risk
patients, such as those undergoing allogeneic stem cell trans-
plantation [2]. Significant effects have also reportedly been
obtained with itraconazole when a dose of 400 mg was given
orally as a solution [5). It is still unclear, however, what dosage
is appropriate for patients with hematologic disease but not
undergoing stem cell transplantation. A retrospective multi-
center analysis in Japan reported that the majority of domestic
institutions were using 200 mg of fluconazole or itraconazole
for prophylaxis [10]. The plasma concentration of itraconazole
has been reported to reach an effective level in more than 50%
of the patients who receive the 200-mg capsule [28].

This study was primarily designed to establish the non-
inferiority of itraconazole capsules versus fluconazole cap-
sules. Fluconazole was reported to have a prophylactic effect
in patients undergoing allogeneic stem cell transplantation.

According to the retrospective analysis of data from Japanese
patients, antifungal prophylactic therapy is widely adminis-
tered during and after chemotherapy [10]. The analysis
recommended that antifungal prophylaxis be administered in
patients with prolonged neutropenia [1]; predicting the length
of neutropenia was a challenge in the design of this prospec-
tive study. Although there is currently limited evidence to
support the use of fluconazole during or after chemotherapy,
it is the only standard antifungal drug available for this use.

Another challenge in designing a reliable study protocol was
the difficulty of recruiting suitable participants in Japan; how-
ever, we recognized the importance of conducting a random-
ized, multicenter study in Japan, because no such study had pre-
viously been conducted in Japan in this field. Thus, this study was
designed to verify, with a statistical power of 0.6, results from
previous studies that reported the efficacy of fluconazole pro-
phylaxis for reducing fungal-infection frequency [11,12].

Itraconazole is known to be liposoluble and to have a high
protein-binding affinity. There are significant problems with cap-
sule formulation because absorption of the drug is highly vari-
able [29]. Despite having a wider range of antifungal activity than
fluconazole, the serum concentration of itraconazole is estimated
to be low in capsule formulation. Antifungal prophylaxis is
thought to be accomplished mainly by eradication of Candida
species colonized in the intestinal tract. The degree of eradication
of colonized fungus with itraconazole capsules is not clear.

The prophylactic effect on aspergillosis depends on the
absorption of antifungal drugs. Previous reports. suggested
that a higher dose of itraconazole is necessary to prevent pul-
monary aspergillosis [5]. In the present study, the frequency
of systemic fungal infection was relatively low, but despite
using a low dose, we obtained results that suggested that
prophylaxis with the itraconazole capsule was effective in
higher-risk patients, such as those with severe neutropenia
for more than 4 weeks.

It is of importance to distinguish patients who need a
higher dose from those requiring less extensive prophylactic
therapy. In addition, the appropriate dose for Japanese
patients has to be clarified. The present study suggested that
itraconazole had a prophylactic effect for systemic fungal
infection at least equal to that of fluconazole in patients with
AML or MDS who plan to undergo systemic chemotherapy.
Both drugs were well tolerated at a dosage of 200 mg.
Further study is warranted to clarify the relative efficacy of
prophylactic itraconazole compared with fluconazole and
to establish better management of fungal infection during
treatment of hematologic malignancies.
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Abstract We established an automated mutational analysis detection system using magnetic filtration and the
sequence-specific primer-single molecule fluorescence detection (SSP-SMFD) assay to identify the
janus activating kinase-2 (JAK2)V®'"F DNA was extracted from 100 pL of whole blood automat-
ically by a magnetic filtration system. The JAK2 1849G — T mutation occurs in chronic myelopro-
liferative disorder (CMPD), and the detection of this change has diagnostic potential. To detect and
semiquantitate this mutation, we used two artificial oligonucleotides (wild-type specific and
mutated-type specific) and performed the SSP-SMFD assay using an automated fluorescence cell
sorter measuring device. The SSP-SMFD assay can detect the presence of a minimum of 5% of
the mutated artificial oligonucleotide, thus indicating that this technique is available in detecting
contamination of at least 5% cells with the homozygous JAK2VS"F mutation. Based on this tech-
nique, we analyzed 94 patients with CMPD and compared with the results obtained by the polymer-
ase chain reaction (PCR)-direct sequence. Two homozygous JAK2V8'F patients were identified as
heterozygous JAK2V®'7F by the PCR-direct sequence, and four patients judged as wild-type JAK2
by the PCR-direct sequence were identified as heterozygous JAK2V¢'F by the SSP-SMFD method.
Our automated system is simple and suitable for high-throughput analysis in detecting JAK2VSF

with a threshold detection limit of 5%. © 2007 Elsevier Inc. All rights reserved.

1. Introduction among reports may result from technical differences or
diagnostic criteria of CMPD, or both.

Methods for detecting the JAK2V®'F mutation included
direct sequencing with a detection limit around 25%

The janus kinase-2 (JAK2) 1849G — T mutation results
in valine to phenylalanine substitution at amino acid 617

V6ITF . . .
(JAK2 ). and this molecular change induces constitute [1,3,4], as well as allele-specific polymerase chain reaction

signaling of JAK2 in chronic n?yeloproliﬂ'arative disqrder (PCR) [2] or amplification-refractory mutational sequenc-
(CMPD) [1-5]. The JAK2 mutation occurs 1in most patents ing (ARMS) PCR with a detection limit of 3% [13].

wn.h poly (.:ylhemla'vera (PV) and app roximately 50‘,70 ,Of Another report dealing with AMRS-PCR and capillary
patients with essential thrombocythemia (ET) or chronic 1d- ) h s showed a d -on Limit of 1% [141. Sir

i hic myelofibrosis [6,7]. The detection of JAK2 muta- electrophoresis s owev;}_”:etecuon imit of 1% [14). ince
lopat y > the detection of JAK2 is essential for the diagnosis of

ional is i i . . .
tional status 1s xrr!ponant bece.luse the presence of this PV, the simple and reliable assay system for clinical prac-
mutation and mutational status (i.e., heterozygous or homo- . . o1
V617 - 1. ! . tice with acceptable detectability would be useful. We set
zygous JAK )} is linked to hematologic and clinical
out to develop and evaluate an automated assay system

complication in CMPD patients [8—13]. However, the re- f . f the JAK2 .
L. - tational status.
ported incidence of JAK2VY®'"F ranged from 63—91%, and Of Mmass-screeming of the mutational status

the frequency of heterozygous JAK2VS'F was approxi-
mately double that of homozygous JAK2VS'F in PV

patients, ranging from 1.4 to 3.5 [6,7]. The differences 2. Materials and methods

2.1. Extraction of DNA

* Corresponding author. Tel.: +81-3-3342-1510; fax: +81-3-5382-
6651. DNA was extracted from 100 pL of whole blood by

E-mail address: ohyashik@m.iijdu.orjp (J.H. Ohyashiki). a Magtraction system (SX-6GCN; Precision System

0165-4608/07/$ — see front matter © 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/j.cancergencyto.2007.07.008
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Science, Chiba, Japan) [15]. Magtraction is a magnetic
filtration system for automated magnetic particle-based
reaction systems. The automation of nucleic acid extraction
mediated by magnetic particles has been done in a robot as
follows. A sample is first drawn up into a pipette tip, which
1s loaded into a nozzle. The sample is then dispensed into
a well containing reagent and mixed by repeated aspiration
and dispensing. Keeping the apical end of the tip soaked in
liquid prevents air bubbles or splashes from coming up. The
magnetic particles can be effectively separated and cap-
tured on the inner wall of the pipette tip by a magnet that
comes into contact with the tip at the part with optimal
diameter during aspiration or dispensing. Moving the sepa-
rated particles to the next well and repeating the separating
/dispensing operation allows effective resuspending or
washing of the magnetic particles (Fig. 1).

2.2. Detection of JAK2V9'”F mutation by
sequence-specific primer-single molecule
fluorescence detection (SSP-SMFD)

For the SSP-SMFD study, the 10 ng of extracted DNA
was amplified by first-round PCR, and then extended by
the fluorescence-labeled single-nucleotide polymorphism
(SNP)-specific primer. In this SSP-SMFD method [16,17],
DNA containing mutation was amplified by the first-round
PCR, and then mutation allele—specific and wild-type
allele—specific oligonucleotide labeled by fluorescence was
reacted as primers, as described elsewhere [16]. If the
sample DNA contains the JAK2Y®!"F mutation (T), the mu-
tation allele—specific oligonucleotide can bind to it and
start to extend (Fig. 2, A and B). Fluorescence of PCR prod-
ucts was measured by an automated fluorescence cell sorter
measuring device (MF 20; Olympus, Tokyo) (Fig. 1).

100 pl of

whole blood
i

Magpnetic filtration system

l PCR

Digital

sample

Fig. 1. Workstation of the automated JAK2V®''F quantification using
a magnetic filtration system and the SSP-SMFD technique.

The first-round forward primer was 5-TCC TTC TTT
GAA GCA GCA AGT ATG ATG AGC AAG CTT TCT
CACA.

The first reverse primer was 3'-TAG AAG AGT CCT
ACA GTG TTT TCA GTT TCA AAA ATA CTT AAC.

The allele-specific forward primer was 5-AGC ATT
TGG TTT TAA AAT TAT GGA GTATATT.

The allele-specific reverse primer was 3-TGA AAC
TGA AAA CTG TAGGACTATTCAG.

To quantitate the T allele—specific extension, we
conducted a plasmid containing mutation allele—specific
oligonucleotide (pucl8_T: inserted 366-bp mutation-
allele-specific-oligonucleotide into pucl8) or wild-type
allele—specific oligonucleotide (pucl18_G), and then used
that as a reference. A serial dilution of reference (pucl18_T
and pucl8_G) was used as a standard curve. To confirm the
results by SSP-SMFD, the PCR sequence technique was
performed with BigDye Termination ver3.1 (Perkin-Elmer
Cetus).

2.3. Clinical samples

We studied JAK2V®'"F in 94 patients with CMPD, in-
cluding 34 patients with PV, 51 with ET, and 9 patients with
idiopathic myelofibrosis, as well as 15 samples obtained
from healthy volunteers. We collected frozen marrow cells
or peripheral blood (100 pL) from patients after obtaining
their wntten informed consent [17—19], using a SSP-
SMFD assay. For detection of JAK2V®'"F mutation, we
used the JAK2 muation kit (NovusGene, Tokyo, Japan).

2.4. Statistical analysis

Continuous data were compared by the two-sample r-test
and one-way ANOVA for approximately normally distrib-
uted data, and the nonparametric Wilcoxon rank-sum test
for other distributions. P <0.05 was considered to indicate
a statistically significant difference.

3. Results

3.1. Validation of SSP-SMFD assay using pucl8-T
and pucl8-G

We first validated the SSP-SMFD assay using two plas-
mids, pucl8_T (Cy-5 labeled) and pucl8_G (TAMRA
labeled), which contained sequences with mutated or wild-
type JAK2. To obtain reproducible results and to clarify the
quantitative relationship between the mutated allele and the
wild-type allele in the sample, we calculated the ratio of
K2(M%/K2(G)Y% x 100 [K2(T)%/K2(G)%]. We mixed
two references with various ratios (percentages of puc18_T:
0—100%), and measured K2(T)% or K2(G)% (Table 1 and
Fig. 3A). In the presence of 5% Cy-5—labeled puc 18_T
mutated allele, the K2(T)% increased to 4.6%, while the
K2(G)% was 55.2%, then the K2(T)%/K2(G)% ratio
[K2(T)%/K2(G)% % 100] was 27.717. Without the puc
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Fig. 2. Schematic presentation of the SSP-SMFD assay. The extracted DNA w.
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as amplified by firsi-round PCR (A), and then extended by the mutation

allele—specific and wild-type allele—specific oligonucleotide labeled by fluorescence was reacted as primers (B) [16].

18_T mutated allele, the K2(T)%/K2(G)% ratio was 8.288,
therefore we determined that the presence of the 5%
mutated allele in the sample could be separated by the
K2(T)%/K2(G)% ratio of 30. A K2(T)%/K2(G)% ratio less
than 30 was thus considered to be wild-type JAK2. In
the presence of 80% Cy-5-labeled puc 18_T mutated allele,
the K2(T)%/K2(G)% ratio was 169.431, while the K2(T)%/
K2(G)% ratio of 90% of mutated allele was 230.519.
Therefore, we tentatively determined that the homozygous
JAK2VS'F mutation was a K2(T)%/K2(G)% ratio of 230 or
more because it was difficult to separate the mutated allele
between 40% [K2(T)%/K2(G)% ratio was 128.235] and
80% [K2(T)%/K2(G)% ratio was 169.431] mixture

(Table 1 and Fig. 3A). Based on this mixture experiment,
we thus identified the JAK2V®''F mutational status as
follows:

o Wild-type JAK2: K2(T)%/K2(G)% ratio < 30

e Heterozygous JAK2V®'"F mutation: K2(T)%/K2(G)%
ratio 30—230

e Homozygous JAK2V®'"F mutation: K2(T)%/K2(G)%
ratio > 230

Of this mixture condition (5% mutated allele and 95%
wild-type allele), the K2(T)%/K2(G)% ratio was 27.717,
thus we considered that this method could detect at least
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Table 1

Mixture experiment using Cy-5-labeled puc 18_T mutated allele and TAMRA-labeled puc 18_G wild-type allele

Percentage of mutated Measure d T% Log K2(T)% Measure d G% Log K2(G)% K2(M%/K2(G)% x 100
0% 4.60% 0.663 55.50% 1.744 8.288
5% 15.30% 1.185 55.20% 1.742 27.717
10% 33.90% 1.53 57.50% 1.76 58.957
20% 49.30% 1.693 57.80% 1.762 85.294
40% 65.40% 1.816 51.00% 1.708 128.235
80% 71.50% 1.854 42.20% 1.625 169.431
90% 71% 1.851 31% 1.489 230.519
100% 70.90% 1.851 3.70% 0.568 1961.216

5% mixture of the T-specific population {i.e., at least 10%
of the population with heterozygous JAK2V®'"F (Fig. 3B).

32. JAK2Y®'F mutation in clinical specimens

By the SSP-SMFD assay, 9/34 PV patients diagnosed by
the Polycythemia Vera Study Group (PVSG) had wild-type
JAK?2, 18 had heterozygous JAK2V%'"F and 7 homozygous
JAK2Ve!7F (Fig. 4; A and B). There was no particular dif-
ference in the K2(T)%/K2(G)% ratio among patients with
secondary erythrocytosis (n = 8: 10.9 = 5.8), those with
PV without the World Health Organization (WHO) criteria
(n=7:83 * 4.9), and those with WHO-PV with wild-type
JAK2 (n = 2: 10.4 = 8). Of the seven patients with homo-
zygous JAK2V'"F (TT) by the SSP-SMFD assay, two were
identified as heterozygous JAK2Y®'"" (GT) by the PCR-
direct sequence. Thirty-two ET patients (62.7%) had
JAK2VS'F with 31 heterozygous and 1 homozygous
JAK2Y®'F by the SSP-SMFD, and 4 ET patients judged
as wild-type JAK2 by the PCR-direct sequence were iden-
tified as heterozygous JAK2Y®'"F by the SSP-SMFD
method.  All the specimens obtained from healthy

>
N
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)

L

Log K2(T)}% or Log(K2(G)%

- TAMRA
O- Cys

0 20 4 60 80 100
Percentage of puc18_T mutated allete
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volunteers showed wild-type JAK2 [n = 15; K2(T)%/

K2(G)% ratio = 10 = 3.6].

4. Discussion

The detection of JAK2Y'F is important in diagnosing
PV patients because the current PV criteria included the
presence of this mutation [20]. To detect this mutation,
the PCR-direct sequence method was first applied, but the
limitation of detectability was about 25% of mutated
alleles. Vannucchi et al. [14] reported a quantitative assay
for JAK2 using ARMS-PCR with capillary electrophoresis
with a detection limit of around 1%. Capillary electropho-
resis is powerful tool to resolve different amplicons and
therefore to detect a minor population of JAK2 mutated
allele (around 1%), but it might be a complex problem in
clinical practice. Poodt et al. [20] developed a semi-quanti-
tative real-time PCR test to detect JAK2V®'"". With this as-
say, quantities down to 0.8% JAK2 V®''F among wild-type
DNA could be detected reliably, and they concluded that
the JAK2Y®'"F gPCR assay is quick, effective, simple,
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and more sensitive than direct sequencing, restriction frag-
ment length polymorphism (RFLP), ARMS assay, and
other methods published so far to detect JAK2 V6ITR [20].
Lay et al. also reported a simple and sensitive method to de-
tect this mutation via PCR and probe dissociation analysis
using the LightCycler platform, and they concluded that the
LightCycler method offered advantages of speed, reliabil-
ity, and more straightforward interpretation over the RFLP
and sequencing approaches [21]. The detection of a minor
population of around 1% of mutated JAK2 allele might be
necessary in only a limited number of patients who actually
had low levels of JAK2-mutated RNA in the range of
1—4% [14,20,21]. Based on this background, we developed
the SSP-SMFD. This technique was originally applied for
detection of SNP [16] and used the automated FCS measur-
ing device to obtain the results automatically and process
large quantities of materials simultaneously. Therefore,
the current SSP-SMFD is suitable for JAK2V6'7F screening.
Our SSP-SMFD is effective to detect JAK2V'"F for screen-
ing, with a detection threshold of 5%. This is an acceptable
level for clinical practice. Indeed, we noticed some discrep-
ancy between the results obtained from the SSP-SMFD
assay and those from PCR-direct sequences; 2 (2/25
JAK2 mutated cases) PV patients with heterozygous
JAK2V®'"F and 4 (4/19 wild-type JAK2 cases) ET patients
with wild-type JAK2 by direct sequence were found to be
homozygous JAK2YS'F or heterozygous JAK2YE'TF by
SSP-SMFD, respectively [18]. We therefore concluded that
the SSP-SMFD assay may be more sensitive for detection
of mutated alleles than the PCR-direct sequence assay.
The frequency of JAK2V®'7F in PV patients due to technical
differences is also currently closed up, but we must be cau-
tious in understanding the biologic significance of this

VOITF (solid triangles).

mutation with a very low percentage of cells with
JAK2Y'F in CMPD [22).

In the current study, we tentatively assigned patients
with homozygous JAK2V®'7F mutation as those with
a K2(T)%/K2(G)% ratio of more than 230. Based on the
mixture experiments using artificial oligonulcotides, this
level represents more than 90% of cells with homozygous
JAK2V®'F (TT). The SSP-SMFD assay detects only a rough
percentage of JAK2V®'"F mutated cells, therefore it is diffi-
cult to separate cells with 100% heterozygous JAK2VSVTF
(GT) from those with a 50% population of homozygous
JAK2V®'F (TT). Further technical developments are
required to distinguish patients with a low percentage of
homozygous JAK2V'"F (TT) from those with a high per-
centage of heterozygous JAK2V®'F (GT). Nevertheless,
the current high-throughput SSP-SMFD assay is suitable
to identify the JAK2Y®'""F mutation at the clinical level
and is more sensitive than the PCR-direct sequence.
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Lack of nucleophosmin mutation in patients with myelodysplastlc
syndrome and acute myeloid leukemia with chromosome
5 abnormalities
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Abstract

Nucleophosmin (NPM1) gene exon 12 mutations are frequently present in patients with acute myeloid leukemia (AML) with
normal karyotype. The NPMI gene is located on chromosome 5935, which is often affected in myeloid malignancies
including myelodysplastic syndrome (MDS). This suggests that the NPMI gene is a one of the target genes affected by
chromosome 5 abnormalities and play a role in the development of MDS. It has not been clarified whether MPMI mutations
are present in patients with MDS and AML with chromosome 5 abnormalities. Therefore, we carried out a mutational
analysis on the NPMI gene exon 12. NPM1 mutations were not detected in the 28 patients with MDS and AML with

chromosome 5 abnormalities.

Keywords: Nucleophosmin, MDS, AML, chromosome 5

Introduction

Nucleophosmin (NPM) is a nuclear phosphoprotein,
which functons as a molecular chaperon, and
shuttles between the nucleus and cytoplasm [1-3].
Although the biological function of NPM has not
been fully elucidated, it is thought to be involved in
cell growth and differentiaton. Several studies
indicate that NPM plays a role in a p53-mediated
cellular process, and it may function as a tumor
suppressor gene product [4—6]. Recently, it has been
reported that mutations in exon 12 of the nucleo-
phosmin (NPMI) gene are frequently present in the
patients with acute myeloid leukemia (AML) with a
normal karyotype [7]. Since the initial report, other
groups have reported similar research results, con-
firming implication of NPM1 exon 12 mutations in
human leukemogenesis [8—13]}. The NPM1I gene is
located on chromosome 5q35, which is often affected

in myeloid disorders including myelodysplastic
syndrome (MDS) and AML [14-17], and the
NPM1 gene is lost in some MDS and AML cases
with chromosome 5 rearrangement [18]. In addition,
NPM]1 heterozygous (NPM17™) mice develop
MDS-like disorder at 6-—-10 months of age [19].
These facts suggest implication of NPM1 abnorm-
ality in the development of human MDS. Two recent
studies demonstrated that the NPMI gene mutations
are uncommon in MDS [20,21)]. Interpretation of
the rare cases of MDS with NPM1 mutations [20,21]
is still a subject of controversy, since multlineage
involvement is a distinguishing feature of AML
with NPM1 mutations [22]). Thus, these cases could
well represent examples of de novo NPMI-mutated
AML exhibiting multilineage involvement and dys-
plastic features [23]. Moreover, it has not been
clarified whether the NPMI gene mutations are
present in MDS and other myeloid malignancies
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