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Figure 6. Leukemic cells of mice/D171N with high
expression of Evit Invaded into liver and kidney.
(A) Spleen from morbid mice/D171N (left) and from
normal mice {right). Histopathologic findings of
(B) spleen, (D) liver, and (F) kidney infiltrated with
leukemic cells from mice/D171N, stained with H&E.
Histopathologic findings of (C) spleen, (E) liver, and
(G} kidney from normal mice, stained with H&E.
(H) Mice/D171N showed a high percentage of blasts in
bone marrow. Cytospin preparations of BM cells from
(H) mice/D171IN and (I) normal mice, stained with
Giemsa. (BX51 microscope, DP12 camera module;
objective lens, UPlanFl; magnification, ~200 (8-E);
%100 (F,G); and X 1000 (H,1).

although previous studies either using similar BMT models or
knock-in mice of AMLI mutants failed to do so. There are
several potential explanations for this discrepancy. First, be-
cause most AML] mutants work as dominant-negative forms,
high expression levels of the mutants would be critical to
effectively inhibit WT AMLI. In this aspect, our BMT model has
an advantage, using the efficient retrovirus vector pMYs#
designed to achieve high expression in hematopoietic progenitor
cells and, unlike most other retrovirus vectors, harbors splice
donor and acceptor sites derived from the MFG vector to

increase expression levels.**#7 Second, using the efficient
packaging cell line Plat-E,* we achieved high titers of retrovi-
ruses (average: 107 infection U/mL), which could result in
the higher numbers of retrovirus integrations. This also in-
creases the probabilities of up-regulating or disrupting impor-
tant genes that collaborate with AMLJ mutants in inducing MDS
and/or MDS/AML. Alternatively. it is also possible that the
positions of AMLI mutations are critical for the biological
effect. We believe that the combination of these factors has put
our system into practice.
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Figure 7. The mice/D171N with integration near A B
Evit site were monoclonal. (A) Southem blot analysis
of mice/D171N. DNA samples were digested with D171N D171N X
EcoRl, which cut the retrovirus only once within the (Evi1 high) (Evit low) D171N + Evit
multicloning site. Probes used were DNA fragments of —
the GFP coding sequence. Mouse 1Ds are shown at the ID: 7 6 12 13 141519 2017 9 10 11 301 304 302 303 305 309
top of the panel. (B) The mice/D171N + EviT were 3
polyclonal. DNA samples were digested with EcoRl.
Proviruses were probed with a GFP probe. (C) Real-
time PCR for Evi1 in BM derived from morbid mice/
D171N or mice/S2911s or mice/WT or mice/mock. In
addition to 6 samples from mice/D171N harboring
integration near Evit (mouse iDs 4, 6, 7, 12, 14, and
15), 4 samples derived from mice/D17 1N without inte-
gration near Evi1 display high expression levels of Evil
{mouse 1Ds 13, 19, 20, and 22). RNA from normal BM
cells served as a control (RNA level = 1). (D) Westem
blot of lysates from spleen cells of mice/D171N, mice/ * +_ + + +
WT, and normal mice and PLAT-E as controls. Samples Evit integration
from mice/D171N confirmed high expression of Evi1 by
RAT-PCR showed expression of the protein (mouse IDs C — e e e e e e e+ e e o -
6, 15, 20, and 22), but the other mice without high o 3,500 - e e n —
expression of Evi1 by RT-PCR did not express the o
protein {mouse IDs 11, 17, and 105). b= 3,000 - e o B
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In the present MDS model, we used 2 AMLI mutants, D17IN
and $291£5X300. The latter, a C-terminal-truncated form, is more
potent as a dominant-negative form than the former, which harbors
a point mutation in the RHD.?? In this context, it is reasonable
that the S291fs mutant induced the disease in the mice that
underwent transplantation with a higher penetrance (Figure 1D).
More important, expression of these mutants induced MDS/AML
of distinct phenotypes in the mice that underwent transplantation:
AML1-8291fs induced pancytopenia associated with dysplasia in
the erythroid lineage, while AML1-D17IN frequently induced
hepatoslenomegaly and leukocytosis associated with marked my-
eloid dysplasia. This suggests that even ditferent mutations of the
same gene could induce heterogeneous diseases. As previously
described, 2526 AML1-D171N lost DNA-binding ability and hence
transactivation potential because it possessed a point mutation in
RHD essential for DNA-binding, while AML1-S291fs had in-
creased DNA-binding ability but lost transactivation potential
because it had an intact RHD but lacked a C-terminal transactiva-
tion domain. Thus, the different biological outcomes induced by
AML! mutants could be explained in part by structural and

functional differences between the mutants. In addition to the
dominant-negative functions, these mutants may also have gain of
function; the fact that AML1-KO mice did not develop leukemia'®
indicates that deletion of AMLI alone is not sufficient to induce
leukemia, suggesting the possibility that the AMLI mutants have
gain of function as well. Because AMLI associates and forms a
ternary complex with other transcriptional factors and cofactors via
its specific domains, it is possible that these mutants exert different
effects on the proliferation and differentiation of BM cells in the
various contexts.

In BMT models using retrovirus-mediated gene transfer, the
genes near the retrovirus integration sites are thought to affect
the outcomes. >3 This sometimes obscures the significance of the
transduced gene, but simultaneously will give us clues to understand-
ing the collaboration of muliiple genes in the development of
leukemias. One of the intriguing findings of the present work is that
high expression of Evil, either caused by virus integration or by
unknown mechanisms, was able to collaborate with AMLI-D171IN
in inducing the homogeneous disease characterized by leukocyto-
sis, severe myelodysplasia, and marked hepatosplenomegaly that
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Table 1. Analysis of integration site
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Count of
Southern Forward or
Mouse blot Chromosome Distance to gene reverse

Mutant ID bands Nearest gene no. Gene ID (start or end), bp Location orientation RTCGD hits
Experiment 1

Di171N 1 ND 2010111101Rik 13 72061 238 927 Intron 10 F 0

D171N 1 LOC100040862 12 100040862 40 051 5 F [

D171N 4 ND Evil , 3 14013 107 412 5 R 24

D171N 4 Nsmee2 18 68501 221183 Intron & R 2
Experiment 2

Di171N 5 3 Rreb1 13 68750 14071 §' R 9

D17tN 5 LOC619665 6 619665 123 854 5 F 0

D171N 8 1 Evit 3 14013 106 286 5 R 24

Di71N 7 1 Evil 3 14013 106 286 5 ] 24
Experiment 3

D171N 10 4 - B4galte 18 56386 8 961 intron 1 R 0

D171N 1 2 Rpth 1 19888 65 523 5 F 0
Experiment 4

DI7IN 12 1 Evil 3 14013 14 809 §' F 24

Di7IN 13 2 Sic38a2 15 67760 41018 5’ F 6

DI7iIN 14 1 Evil 3 14013 15002 5' F 24

Di7IN 15 2 Evil 3 14013 14 850 5' F 24

D171IN 15 Sle38a2 15 22462 11 988 5 R [
8291fsX300 51 ND LOC100042800 13 100042800 27734 5’ R 0
S$2911sX300 52 2 P27 5 18439 40672 intron 13 R 1
8291fsX300 52 Gm pr2 14 105446 17 intron 1 R 0
8291£sX300 54 2 M srb3 10 320183 98 981 a8’ F [
Empty 203 ND Dphs 3 13609 70 064 5’ R 1
Experiment 5§

D17iN 19 ] Geht 14 14528 16 958 Intron 1 R 0

D17iN 20 2 Gcht 14 14528 16958 Intron 1 R 0

§2911sX300 55 2 Mn1 5 433938 16024 Intron 1 F 8

$2911sX300 56 1 Mni 5 433938 16024 Intron 1 F 8

$291sX300 58 1 Mnit 5 433938 16024 Intron 1 F 8
Experiment 6

D17IN 22 ND Lrrc8e 5 100604 16056 5 F 4
Experiment 7

D171N 26 1 - Evil 3 14013 106 710 5 F 24

52911sX300 60 3 Dock10 1 2102983 163 158 Intron 1 R 0

HTGCD, Retroviral Tagged Cancer Gene Database®; and ND, not determined.

always developed to overt leukemia with high percentages of
B220* and CD11b* blasts. Together with the recent findings that
Evil expression was observed in patients with MDS and AML 3643
and that Evil alone did not induce AML in mouse models, 143449.50
our result strongly suggested that AML1-D171N collaborated with
Evil in inducing MDS/AML. It is interesting to note that AML1-
S291fs never collaborated with Evil during our examination (Table
1), again suggesting that these 2 AMLI mutations transform
hematopoietic cells through distinct mechanisms. Importantly, we
confirmed the collaboration between AML1-D171N and Evil in an
in vivo experiment. Cotransduction of AML1-D171N and Evil into
BM cells resulted in rapid induction of MDS/AML in the mice that
received transplants. In addition, the leukemic cells in most of these
mice inclnded more clones than those in mice/D171N (Figure 7B),
indicating cooperation of Evil and AMLI-D171N. However,
leukemic cells from one mouse (ID 305) seemed to be monoclonal
and to coniribute to oligoclonal leukemia of mouse 304. In
addition, it took 2 to 3 months for lenkemias induced by the
combination of AMLI-D17IN and Evil to kill the mice that
received transplants. Together, these result suggested that while
AMLI-DI171N and Evil overexpression collaborated in inducing
leukemia, additional steps were required for efficient transforma-
tion of hematopoietic progenitors. In the absence of Evil high

expression, AML1-D171N caused MDS or MDS/AML with low
percentages of blasts in BM but still with hepatosplenomegaly.
This indicates that hepatosplenomegaly had something to do with
AMLI-D171N.

In contrast to mice/D171N, most mice/S291fs succumbed to
either MDS-RAEB with fatal severe anemia following continu-
ous pancytopenia or MDS/AML without leukocytosis. The
integration site in the intron 1 of the MNI gene found in
leukemic cells of 3 mice was derived from the same cell. We
also found that MNI was overexpressed in the leukemic cells of
these mice, suggesting that overexpression of MNI induced
effective expansion of leukemic stem cells. Recently, Heuser et
al reported that high expression of MNI correlated with poor
outcome in AML with normal cytogenetics.>! Moreover, Slape
et al identified MNI as potential collaborators of NUP98/
HOXD13 to induce leukemia.*? Further work will be required to
investigate the role of MN1 in MDS/AML..

One fundamental question of this study was whether AMLI
mutants alone induce MDS and MDS/AML. In our experiments,
5 of the 6 surviving mice/D171N showed a disappearance of
GFP* cells in time, suggesting that AML1-D171N alone was not
able to induce MDS/AML. Previous studies using gene-
engineered mice and « BMT model demonstrated that AMLI
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fusions caused by chromosomal translocations alone were
insufficient to induce AML,7'? except for AMLI-MDSI-Evil,
which by itself induced AML with a long latency.>? In addition,
several lines of evidence"-3% that implicated the integration site
of retroviruses for different biological outcomes led us to
consider the same possibility in this BMT model. Indeed. we
identified frequent retrovirus integrations near the Evil gene in
the BM cells derived from mice/D171N whose leukemic cells
displayed nearly identical phenotypes and concomitant elevated
expression of Evil. Importantly, coexpression of AML1-D171N
and Evil induced the same leukemia with shorther latencies,
demonstrating the collaboration between AMLI1-D17IN and
Evil in vivo. These results showed the power of in vivo
insertional mutagenesis of retroviruses in a search for genes
involved in the pathogenesis of MDS and MDS/AML.

Finally, it is important to relate these in vivo results to
clinical data of the human disease. The recent finding?>-?’ that
AML] point mutations in the C-terminal regions were almost
exclusively found in MDS-RAEB and MDS/AML, but not in de
novo AML, coincided with our data that AML1-S291fs tended
to induce MDS-RAEB-like symptoms in this BMT model.
Clinical findings?>?” that the RHD point mutation was often
found in de novo AML, mainly AML MO0, in addition to
MDS-RAEB and MDS/AML, was also in accordance with our
data that AML1-D171N induced more progressive MDS/AML
with higher percentages of blasts when compared with AMLI-
$291fs. Classification of MDS and MDS/AML is always
controversial because of the heterogeneity of the disease.'->?" In
the future, this disease will be reclassified based on genetic
alterations and their combinations.

In summary, we have generated a mouse BMT model of
MDS-RAEB and MDS/AML.. The current BMT model, mimicking
AML]1-related MDS, will be useful for understanding molecular
pathogenesis and establishing new therapeutic strategy for MDS
and MDS/AML.
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Peptidoglycan and lipopolysaccharide activate PLCY2, leading
to enhanced cytokine production in macrophages and
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In macrophages and monocytes, microbial components trigger the production of pro-inflammatory
cytokine through Toll-like receptors (TLRs). Although major TLR signaling pathways are mediated
by serine/threonine kinases, including TAK1, IKK and MAP kinases, tyrosine phosphorylation of
intracellular proteins by TLR ligands has been suggested in a number of reports. Here, we demon-
strated that peptidoglycan (PGN) of a Gram-positive bacterial cell wall component,a TLR2 ligand
and lipopoysaccharide (LPS) of a Gram-positive bacterial component, a TLR4 ligand induced
tyrosine phosphorylation of phospholipase C¥-2 (PLCY2), leading to intracellular free Ca* mobi-
lization in bone marrow-derived macrophages (BMM¢) and bone marrow-derived dendritic cells
(BMDC). PGN- and LPS-induced Ca* mobilization was not observed in BMDC from PLCY2
knockout mice. Thus, PLCY2 is essential for TLR2 and TLR4-mediated Ca’* flux. In PLCY2-
knockdown cells, PGN-induced IXB-t phosphorylation and p38 activation were reduced.
Moreover, PLCY2 was necessary for the full production of TNF-0 and IL-6. These data indicate
that the PLCY2 pathway plays an important role in bacterial ligands-induced activation of
macrophages and dendritic cells.

Introduction

Toll-like receptors (TLRs), which recognize the struc-
ture of microorganisms, are essential for innate immune
signaling (Akira 2003; Akira et al. 2006). Peptidoglycan
(PGN) is a major component of the cell wall of Gram-
positive bacteria, and it activates the innate immune
system of the host. TLR2 has been shown to be a main
receptor recognizing PGN, and its activation in response
to PGN induces the production of pro-inflammatory
cytokines, chemokines and adhesion molecules (Akira
et al. 2006; O’Neill & Bowie 2007). For TLR 2 signaling,
TLR2 utilizes adaptor proteins Myeloid differentiation
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88 (MyD88) and MyD88-adaptor like (Mal) to activate
IL-1 receptor-associated kinase. Then, the activated IL-1
receptor-associated kinase dissociates the MyDD88/Mal
complex from the receptor, followed by association with
tumor necrosis factor-associated factor 6 (TR AF6). This
triggers the activation of the Rel family transcription
factor NF-KB, which is required for transactivation of
gene expression (Akira et al. 2006; O’Neill et al. 2007).
In addition, MAP kinases, including p38, JNK and
ERK, are also activated in response to PGN, which leads
to activation of AP-1 and ATF2 transcription factors
(Chang ef al. 2005).

In lymphocytes, Ca* is important for cellular function
as a second messenger (Gallo ez al. 2006). It is generally
established that ligation of antigen receptors induces
the generation of inositol-1,4,5-triphospate (IP;) and
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diacylglycerol (DAG). P, binds to IP;R in the mem-
brane of the endoplasmic reticulum (ER) and induces
the release of Ca™ into the cytoplasm, whereas DAG,
together with Ca™, activates protein kinase C (PKC)
(Berridge 1993; Nishizuka 1995; Carpenter & Ji 1999).
Recent studies suggest that the Ca® flux is also activated
via TLR signaling (Chun & Prince 2006; Zhou et al.
2006). The TLR2 ligand, Pam,Cys-Ser-Lys, (P3C),
stimulated the release of Ca® by activating TLR2 phos-
phorylation by ¢-Src and recruited phosphatidylinositol
3-kinase (PI3K) and phospholipase Cy (PLCY) to affect
Ca™ release through IP, in airway epithelial cells (Chun
& Prince 2006). Furthermore, Ca** release has also been
shown to increase upon the stimulation of TLR4 (Zhou
et al. 2006). However, few studies have demonstrated a
direct contribution of PLCY2 to the PGN-induced Ca*
mobilization. Furthermore, the importance of this path-
way for pro-inflammatory cytokine production has not
been elucidated.

In this study, we investigated a loss-of-function effect
of PLCY2 in PGN-stimulated macrophages and den-
dritic cells. PLCY2 depletion using siRINA reduced
PGN-induced p38, Akt and IKB-0. phosphorylation in
murine macrophage RAW 264.7 cells. Moreover, PGN
and lipopolysaccharide (LPS) stimulation failed to acti-
vate TLR 2- and TLR 4-dependent Ca** mobilization in
bone marrow-derived dendritic cells BMDC) from
Tie2Cre/PLCY2"** mutant mice. PLCY2 knockdown
in RAW264.7 cells and knockout in bone marrow-
derived macrophages (BMM0) resulted in a reduction in
the production of TNF-0, IL-6 in response to PGN.
Our results indicated that Ca™ mobilization plays an
important role in pro-inflammatory cytokine produc-
tion induced by the PGN/TLR2 as well as the LPS/
TLR4 pathways.

Results

PGN-and LPS-induced tyrosine phosphorylation of
PLCY2 in BMM¢ and BMDC

Previously, we identified several tyrosine-phosphorylated
proteins in LPS-activated RAW 264.7 cells using pro-
teomic approaches. Among them, we noticed PLCY2
(Aki et al. 2005). To confirm the tyrosine phosphoryla-
tion of PLCY2 in the stimulation to LPS, we performed
immunoblot analysis using an anti-phosphotyrosine
(4G10) and PLCY2 antibody in LPS-stimulated BMDC.
As a result, the tyrosine phosphorylation level of PLCY2
was increased after 30 min of LPS stimuladion (Fig. 1A).
Furthermore, we found that PGN, one of the bacterial
ligands for TLR 2, also induced tyrosine phosphorylation
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of PLCY2. As shown in Fig. 1B, total cell lysates from
RAW?264.7 cells were isolated 0, 15, 30, 60 and 180 min
after stimulation with PGN. Tyrosine-phosphorylated
proteins were immunoprecipitated with 4G10 and immuno-
blotted with anti-PLCY2 antibody or 4G10. Tyrosine
phosphorylation of PLCY2 increased within 30 min
of PGN stimulation (Fig. 1B). To investigate whether
tyrosine phosphorylation of PLCY2 is induced in response
to other TLR ligands, we examined the effects of zymosan
(TLR2), Poly(I:C) (TLR3) and CpG-ODN (TLRY9).
As a result, tyrosine-phosphorylation of PLCY2 was
induced by zymosan as well as LPS and PGN, but
Poly(I:C) and CpG-ODN which is mimic a viral infec-
tion failed to induce ligands-dependent PLCY2 tyrosine-
phosphorylation (Fig. 1C). This data indicated that
PLCY2 is induced tyrosine-phosphorylation by TLR2
and TLR4 stimulation. In addition, after pre-treatment
with the tyrosine kinases inhibitor PP2 in BMM¢,
PGN-induced PLCY2 tyrosine phosphorylation was
completely inhibited (Fig. 1D), suggesting that tyrosine
phosphorylation of PLCY2 is PTKs-dependent. Interest-
ingly, PLCY2 tyrosine phosphorylation continued for
180 min (Fig. 1B). This suggests an indirect effect of
PGN on the tyrosine phosphorylation of PLCY2. Thus,
BMM¢ were pre-treated with a translational inhibitor,
cycloheximide for 30 min and then treated with PGN
for 180 min. PGN-induced tyrosine phosphorylation of
PLCY2, as well as the tyrosine phosphorylation of the
entire protein, was partially inhibited by cycloheximide
(Fig. 1E). These data suggest that PLCY2 was tyrosine-
phosphorylated by direct activation of tyrosine kinases
and an indirect effect, which required a new protein
synthesis.

PGN induces intracellular Ca** mobilization in
macrophages and dendritic cells’

To examine whether TLR -ligands can induce intracellular
Ca®™ mobilization, BMM¢ were loaded with Fluo-3/
AM and then stimulated with PGN and their fluore-
scence intensity was measured using confocal microscope.
A transient increase in fluorescence intensity was induced
after PGN treatment (Fig. 2A). The concentration of
Ca™ reached its maximum level within a few seconds
and quickly returned to the baseline level (Fig. 2A). In
BMDC, similar PGN-dependent intracellular Ca®
mobilization to that for BMM¢ was induced (Fig. 2B).
Moreover, we also observed that LPS stimulation also
induced Ca® mobilization in BMDC (Fig. 2C). These
results indicated that bacterial ligands caused a transient
increase in the concentration of Ca® via TLR signaling
in BMM¢ and BMDC.

© 2008 The Authors
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Figure 1 TLR2 and TLR4 signaling induced tyrosine phosphorylation of PLCY2. (A) BMDC were stimulated with 100 ng/mlL LPS
for 30 min. Cell extracts were immunoprecipitated with anti-PLCY2 antibody and then immunoblotted with anti-phosphotyrosine
antibody (4G10). (B) RAW264.7 cells were stimulated with 30 pg/mL PGN for the indicated time and then lysed. Cell extracts were
immunoprecipitated with 4G10 and then immunoblotted with anti-PLCY2 antibody. (C) BMM¢ were stimulated with 1 pg/mlL LPS,
20 pg/mi PGN, 20 pg/mb zymosan, 1 M CpG-ODN or 100 pg/mL Poly(1 : C) for 180 min. Cell extracts were immunoprecipitated
with anti-PLCY2 antibody and then immunobloted with the indicated antibodies. (D, E) BMM¢ were pre-treated with 10 jm PP2 for
15 min (D) and 10 yM cycloheximide for 30 min (E) and then stimulated with PGN for the indicated period. Cell extracts were
immunoprecipitated with anti-PLCY2 antibody and immunoblotted with 4G10.

PLCY2 is required for PGN- and LPS-induced Ca™

signaling

The Ca®* flux is essential for many cellular responses.
Inositol 1,4,5-triphosphate (IP,) generated by PLCY has
been shown to be responsible for Ca** mobilization from

© 2008 The Authors

the ER (Berridge 1993; Nishizuka 1995; Carpenter & Ji
1999). To elucidate whether PLCY2 is involved in Ca™
mobilization in response to PGN, we first assessed the
effect of a PLC inhibitor, U73122, on PGN-stimulated
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hTLR 2-expressing HEK 293 cells. U73122 pre-treatment
for 30 min, but not DMSO, blocked PGN-induced
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intracellular Ca** mobilization (Fig. 3A). Next, to con-
firm the essential role of PLCY2 in TLR -mediated intra-~
cellular Ca® mobilization, we generated Tie2-Cre
PLCY2%# mice. PLCY2%™"* mice, in which an exon
encoding the phosphatidylinositol-4, 5-biphosphate (PIP,)
binding site of the PLCY2 gene is flanked by two loxP sites,
have been described elsewhere (Hashimoto et al. 2000).
The PLCY2 gene was efficiently deleted in BMDC from
homozygous mutant mice (Fig. 3B). We then examined
the PGN-induced intracellular Ca* release of BMDC
from Tie2-Cre PLCY2"™#* mice. PGN-mediated Ca**
mobilization was completely blocked in the BMDC from
mutant mice (Fig. 3C). This result was consistent with a
blocking effect of U73122 on Ca™ mobilization in PGN-
treated HEK293 cells stably expressing TLR2 (Fig. 3A).
In addition, the LPS-induced transient Ca® increase
was also significantly inhibited in BMDC from Tie2-Cre
PLCY2*™** mutant mice (Fig. 3D). These data indicate
that PLCY2 is necessary for intracellular Ca® mobilization
in response to TLR stimulation in BMM¢ and BMDC.

TLR2-PLCY2 signaling pathway is involved in PGN-
induced p38, Akt, IKB-0. and pro-inflammatory
cytokine production

To explore the physiological role of PLCY2 in TLR.
signaling, we generated RAW264.7 cells that were
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transfected with a vector expressing PLCY2 siRNA.
Immunoblot analysis indicated the silencing of PLCy2
expression in RAW264.7 cells by PLCY2 siRNA. The
reduction of PLCY2 levels by siRINA was greater in #2
than in #1 (Fig. 4A).

NF-xB, MAPK and Akt pathways are known to be the
major downstream pathways in TLR signaling (Arbibe
et al. 2000; Akira et al. 2006). As shown in Fig 4B,
silencing of PLCY2 diminished the PGN-induced
phosphorylation of p38, Akt and IxB-o.. However, ERK
phosphorylation was indistinguishable from empty
vector-transfected cells (Fig. 4B). We next analyzed
PGN-induced pro-inflammatory cytokines in PLCY2
knockdown cells. PGN-induced IL-6 production from
PLCY2 knockdown cells #2 was strongly reduced.
This reduction in knockdown cells #2 was due to the
suppression of mRINA synthesis. Little difference was
observed in PLCY2 knockdown cells #1, where PLCY2

'level was not greatly different from that in empty vector

transfected cells. TNF-0, secretion was slightly inhibited
in PLCY2 knockdown cells #2; on the other hand, it was
normal in knockdown cells #1 (Fig. 4C).

Finally, we found that, upon stimulation of PLCy2%™/=
BMM¢ with PGN, IL-6 and TNF-0. production were
suppressed to 50% and 37% of the control levels, respec-
tively (Fig.4D). Furthermore, LPS stimulation of
PLCY2/% BMM¢ inhibited cytokine production to

© 2008 The Authors
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Figure 3 PLCY2 is essential for TLR-dependent Ca™* signaling. (A) HEK293 stably expressing hTLR2 cell lines were stimulated with
50 pg/mb PGN after pre-treatment with DMSO or 10 M U73122. Cells were imaged using confocal microscope. (B) PCR analysis
of genomic DNA from BMDC. The PCR product of wild-type PLCY2 locus is 554 bp. In Tie2-Cre PLCY2"* mice, a band of 386 bp,
A (KO band), indicates the Cre-mediated deletion of PLCY2. (C, D) BMDC from wild-type and mutant mice stimulated with 30 pg/mL
PGN (C) or 100 ng/mL LPS (D) were analyzed by flow cytometric analysis as described in Experimental procedures.
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the same degree as PGN stimulation did (Fig. 4E). These
data suggest that PLCY2 is required for pro-inflammatory
cytokine production mediated by PGN-and LPS-
dependent Ca™ flux in BMM¢ and BMDC.

Discussion

In agreement with our present study, several recent studies
have demonstrated that TLRs induced rapid changes in
" the intracellular Ca** concentration (Supajatura ef al.
2002; Kim et al. 2004; Chun & Prince 2006; Zhou et al.
2006). Ca® signaling regulates downstream signaling
molecules, such as muclear factor of activated T cells
transcriptional complexes (NF-ATc) and calcineurin,
followed by many cellular responses through the change
of gene expression (Gallo et al. 2006). It has been shown
that Ca**-dependent signaling pathway results in the
gene expression of inducible nitric-oxide synthase as
well as the production of TNF-0 upon LPS stimulation
of rat peritoneal macrophages (Zhou et al. 2006).
Furthermore, it has been suggested that TLR -dependent
PLCY2 activation participated in this event (Shinji et al.
1997; Chun & Prince 2006; Zhou ef al. 2006). How-
ever, there has been little direct evidence for the involve-
ment of PLCY2 in Ca** mobilization in response to TLR
ligands. In the present study, we found that PGN and
LPS stimulation induced PLCY2 phosphorylation and
intracellular Ca* mobilization in BMM¢ and BMDC.
We clearly demonstrated that this pathway played an
important role in the activation of macrophages using
PLCY2 knockdown cells and BMM¢$ from PLCYy2-
disrupted mice. Thus, it is now clear that PLCY2 plays an
important role in TLR2 and TLR4-mediated Ca™
mobilization and signal transduction.

There are several important questions still to be solved.
First, the manner in which TLR2 and TLR4 signaling is
activated is not exactly clear. TLR2-dependent PLCY2
tyrosine phosphorylation was clearly detected at 30 min
after PGN stimulation, and tyrosine phosphorylation
seemed to be amplified at 180 min. Tyrosine phospho-
rylation of PLCY2 at this point was not fully inhibited by
cycloheximide pre-treatment; thus, there seem to be
both direct and indirect pathways for PLCY2 tyrosine
phosphorylation by PGN stimulation. When PP2 was
used, the phosphorylation of PLCY2 induced by PGN
was completely inhibited. This result suggested that Src
family tyrosine kinases are directly involved in TLR2
signaling, as previously reported (Chun & Prince 2006).
Other tyrosine kinases were required for the activation of
TLR2 signaling. In particular, Syk kinase was considered
to be involved in TLR 2 signaling. Syk-deficient dendritic
cells were unable to produce IL-2 and IL-10. In addition,

© 2008 The Authors
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Syk binds to the phosphorylation YxxL motif of the 8-
glucan receptor, Dectin-1, upon ligand binding. It is,
therefore, suggested that Syk is recruited to the Dectin-1
phosphorylation site and participates in TLR2 signal-
ing events (Rogers et al. 2005). Moreover, recent studies
have demonstrated that a member of Tec family tyrosine
kinase, Btk has important implications for TLR signal
transduction. It has been demonstrated that Btk tyrosine
phosphorylation was TLR2-dependent and the lack of
Btk resulted in lower amounts of TNF-o and IL-1
production (Jefferies et al. 2003; Horwood et al. 2006).
However, the question of how these tyrosine kinases are
activated by PGN is unanswered. In addition, the ques-
tion of how these kinases phosphorylate PLCY2 is still
not very clear.

Second, an important question is how downstream
PLCY2 is involved in TLR signaling. Apparently, the
activation of PLCY2 results in an increase of intracellular
Ca* and DAG. Ca* activates NF-AT transcription factors,
while DAG activates PKC. PKC0l/P has been shown to
participate in NF-kB activation upon LPS stimulation of
macrophages (Asehnoune et al. 2005; Zhou et al. 2006).
Cyclosporine, an inhibitor of Ca*-dependent NF-AT
activation, has been shown to block cytokine production
(Duperrier et al. 2002; Chen et al. 2004). Thus, both the
Ca*-NFAT and the DAG-PKC pathways seem to be
important for the downstream of PLCY2 activated by
TLRs. However, the precise role of NF-AT and PKC in
cytokine production remains to be clarified. Furthermore,
it has been shown that another PKC isoform, PKCE, is
also involved in LPS signaling (Shapira ef al. 1997; Valledor
et al. 2000; Castrillo et al. 2001; McGettrick et al. 2006).
However, it has not been clarified which PKCs isoform
was activated by TLR2-PLCY2 pathway.

The knockdown of PLCY2 is effective enough to
inhibit Akt activation in particular. The pathway for Akt
activation in response to TLR ligands has not been
clarified. We found that Akt activation was reduced in not
only PLCy2-knockdown cells, but also U73122 treated
RAW?264.7 cells (data not shown). Thus, our data raise
an interesting possibility that PLCY2 is an upstream of
PI3kinase-Akt. On the other side, the generation of PIP;
by PI3K also activates PLCY2 (Bae et al. 1998). A recent
study demonstrated that phosphorylated PLCY1 inter-
acted with Akt in response to EGF stimulation (Wang
et al. 2006). Thus, Akt could be a downstream target of
PLCY2. We have shown that the suppression of PLCY2
resulted in the reduction of IKB-0,, p38 phosphorylation
as well as Akt. The mechanism underlying these suppres-
sions has not been clarified. It has been demonstrated
that the PKC-CARD pathway is critical for NF-xB
activation in response to T cell receptor ligation (Hara
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et al. 2004). Several reports indicate that PKC is impor-
tant for TLR signaling and cytokine production in
macrophages (Chen et al. 1998; Castrillo et al. 2001;
Zhou et al. 2006). However, the contribution of this
pathway has not been clarified because NF-xB is
strongly activated by the TRAF6-TAK1-IKK pathways.
Furthermore, it is not known which pathway, Ca® or
PKC, directly regulates p38 or Akt. Further study is
necessary to define the link between PLCY2 and these
pathways.

Experimental procedures
Antibodies and reagent

Peptidoglycan (PGN) from Staphylococcus anrens was purchased
from Fluka (Bachs, Sweden). PP2, cyclohexamide and wortman-
nin were from Calbiochem (San Diego, CA). LPS, CpG-ODN
and Poly(I:C) were from Sigma-Aldrich (Seelze, Germany).
Zymosan was obtained from Invitrogen (Carlsbad, CA). Anti-
bodies against PLCY2 (Q-20), IKB-a (C-21) and ERK2 (C-14) were
from Santa Cruz Biotechnology (Santa Cruz, CA). The anti-actin
rabbit polyclonal antibody was purchased from Sigma (St. Louis,
MO). Antibodies against Akt, p38, phospho-1kBa, phospho-p40/
p42 MAP kinase, phospho-p38, phospho-Akt and 4G10 have
been described (Aki et al. 2005).

Mice

PLCYy2"%* mice and Tie2-cre transgenic mice have been previ-

ously established (Hashimoto ef al. 2000; Kimura et al. 2004;
Matsumura et al. 2007). Tie2-cre transgenic mice were bred with
PLCY2%*#* mice to generate mice in which PLCY2 was deleted
in hemopoietic cells. All experiments were approved by the
Animal Ethics Comumittee of Kyushu University.

Cell culture

TLR2 stably expressing HEK293 cells were prepared by transfec-
tdon of hTLR2 cDNA and selected in the presence of G418.
TLR2-HEK?293 cells and the murine macrophage cell line
RAW264.7 cells were cultured in DMEM supplemented with
10% fetal calf serum. To prepare BMM¢, bone marrow cells were
obtained from femora and tibia of 6~8-week-old C57BL6/] mice
and then cultured in RPMI 1640 medium supplemented with
10% fetal bovine serum,; the culture medium was conditioned by
the L929 cells containing a macrophage colony-stimulating factor
(M-CSF). After 7 days, the cells were used as BMM9 for the
experiments. BMDC were prepared as described elsewhere
(Matsumura et al. 2007).

Immunoprecipitation and immunoblotting analysis

After stimulation, cells were washed with PBS and solubilized for
30 min at 4 °C in lysis buffer (Aki ef al. 2005). Cell extracts were
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then centrifuged, and supernatants were used for immunoprecip-
itation with specific antibodies. After separation by SDS-PAGE
and transfer to polyvinyliden difluoride membranes, proteins were
analyzed by immunoblotting with the indicated antibodies.

Measurement of cytokine

The cells were plated on 6-well plates on the day before PGN
stimulation. For ELISA, the cells were stimulated with PGN for
6 h. Then, culture supernatants were collected and analyzed for
TNF-0. and IL-6 (BD Biosciences PharMingen, San Diego, CA).
For the analysis of mRINA expression, the cells were stimulated
with PGN for 1 h. TNF-a and [L-6 RT-PCR were carried out
as described (Aki ef al. 2005; Chinen et al. 2006).

RNA interference

The small interfering RINA sequence that targets mouse PLCY2
was at positions 1017~1037 (5'-GTCCTCCACGGAAGCG-
TATAT-3'). The annealed oligonucleotides were inserted into-
psiRNA-hH1neo expression vector (InvivoGen, San Diego, CA).
Stable transformants were selected in 1 mg/mL G418,

Ca* flux analysis

For imaging, cells were grown in coverglass chamberslides and
loaded for 30 min at 37 °C with 5 pm Fluo3/AM (DOJINDO)
in the dark. Cells were washed with HANKS buffer. Fluorescence
imaging was obtained using Carl Zeiss LSM 510 META scanning
confocal microscope and analyzed using LSM Image Browse. For
flow cytometric analysis, 1.0 X 107 BMDC cells were suspended
in 10 mL of RPMI medium supplemented and loaded with 3 pm
Indo-1 AM (Molecular Probes, Eugene, OR) at 37 °C for
30 min. After washing, 1.0 X 10% cells were used for analysis. The
filter set-up on the BD LSR for Indo-1 was FL-5 424/444 nm BF
filter and unbound Indo-1 FL-4 530/530 nm BF filter. The Ca™
flux was measured as the ratio between the calcium bound Indo-
1 and unbound or FL-5/FL-4 vs. time. Full-scale deflection of the
Ca™ flux was measured by the addition of 3.0 {lg/mL ionomycin.
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Abstract A single mutation 1849G>T in the JAK2 gene
(V617F) has recently been described in classical myelo-
proliferative disorders (MPD). To investigate the incidence
and clinical significance of the JAKZ mutation, we per-
formed allele-specific polymerase chain reaction (PCR)
and enzyme-based assessment in 11 idiopathic erythrocy-
tosis (IE) and 15 polycythemia vera (PV) patients. Aberrant
bands indicating the V617F mutation were detected in only
one of 11 patients with IE, whereas all of the 15 patients
with PV showed the JAK2 mutation. Sequence analysis
was subsequently performed in the IE patient showing
aberrant bands on allele-specific PCR, and a nucleotide
change corresponding to the V617F mutation was detected
in four of 29 clones tested. This patient might have pro-
gressed to PV according to the new WHO diagnostic
criteria proposed in 2007, since a gradual increase in
platelet counts was observed 4 years after the time of
diagnosis. A further longitudinal study monitoring V617F
positive-cells will clarify the process of progression from
IE to PV in such a patient.
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1 Introduction

Janus kinase 2 (JAK?2) is a tyrosine kinase involved in the
cytokine signaling of several growth factors such as
erythropoietin and thrombopoietin in normal and neoplas-
tic cells [1]. A single mutation 1849G>T in the JAK2 gene,
which causes the substitution of phenylalanine for valine at
position 617 (V617F), has recently been described in
classical myeloproliferative disorders (MPD) [2-5]. The
JAK2 mutation has been found in 65-97% of patients with
polycythemia vera (PV), and in half of those with essential
thrombocythemia (ET) and idiopathic myelofibrosis (IMF).
The JAK2 V617F mutation was located in the pseudokin-
ase domain, which negatively regulates activity of the
kinase domain. This mutation causes the constitutive acti-
vation of the JAK2 kinase, resulting in the acceleration of
cellular proliferation. Detection of the JAK2 mutation has
recently been included in the World Health Organization
(WHO) diagnostic criteria for PV [6].

Idiopathic erythrocytosis (IE) is characterized by an
increase in red cell mass without an identified cause [7-9].
IE differs from PV by the absence of splenomegaly,
granulocytosis, and thrombocytosis. The term “pure
erythrocytosis” is considered identical to IE. Najean et al.
{107 reported that 10% of 51 patients diagnosed as having
pure erythrocytosis at initial presentation, showed pro-
gression to PV at the late stage of the clinical course. In
addition, Michiels et al. [11] proposed that IE was the first
stage of PV. However, the significance of the JAK2 V617F
mutation in patients with IE remains unclear.

To investigate the incidence and clinical significance of
the JAK2 mutation in Japanese patients with IE, we per-
formed allele-specific polymerase chain reaction (PCR)
and restriction enzyme-based assessment. We also
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analyzed the JAK2Z mutation in PV to elucidate the dif-
ference between IE and PV.

2 Materials and methods
2.1 Patients and samples

Peripheral blood or bone marrow samples were obtained
from 11 patients with IE and 15 patients with PV. All
samples were obtained under written informed consent.
Diagnoses of PV were based on the criteria of the Poly-
cythemia Vera Study Group (PVSG) or WHO 2001 [11-
13]. IE was diagnosed in patients demonstrating an
increased red cell mass without a known cause of sec-
ondary polycythemia and various congenital primary
erythrocytosis [7-9]. Although, all 11 patients with IE
showed a red cell mass over 36 mL/kg in males or 32 mL/
kg in females using *'Cr radioisotope, these patients did
not fulfill with PV criteria due to the absence of leukocy-
tosis and thrombocytosis at diagnosis. Splenomegaly was
absent in all IE patients except one. One patient (IE No. 11)
had a slight splenomegaly. The leukemic cell line HEL was
used as a positive control and HL-60 was used as a nega-
tive control for the JAK2 V617F mutation.

Neutrophils were purified by dextran sedimentation
followed by hypotonic lysis and centrifugation with Ficoll-
Conrey (specific gravity 1.077) as previously described by
Woodman et al. [14]. Genomic DNA was extracted from
neutrophils or leukemic cells using QIAamp DNA blood
mini kit (Qiagen, Valencia, CA). In six IE patients, geno-
mic DNA was extracted from smear samples of bone
marrow using QIAamp DNA blood micro kit (Qiagen,
Valencia, CA).

2.2 Allele-specific PCR analysis of the JAK2 gene

Allele-specific PCR was performed using primers ALLS-
JAK2-R (5'-CTGAATAGTCCTACAGTGTTTTCAGTTT
CA-3), ALLS-JAK2-F (specific) (5-AGCATTTGGTTT
TAAATTATGGAGTATATT-3'), and ALLS-JAK2-IF
(internal control) (5'-ATCTATAGTCATGCTGAAAGTA
GGAGAAAG-3") as previously described by Baxter et al.
[2]. The ALLS-JAK2-F primer is specific for the mutant
allele and contains an intentional mismatch at the third
nucleotide from the 3’ end to improve specificity. Each
20 pL of PCR reaction contained 5 pg of DNA template,
2 uL. of 10x Buffer, 0.5 U of Taq polymerase (Takara,
Ohtsu, Japan), dNTPs and 0.5 pL of each primer. The PCR
cycling parameters were the following: one cycle of 94°C
for 5 min, 36 cycles of 94°C for 60 s, 58°C for 60 s and
72°C for 60 s; followed by one cycle of 72°C for 5 min.
PCR products were analyzed on a 3% agarose gel.

2.3 Restriction enzyme-based assessment
of the JAK2 gene

Amplification and sequencing of exon 14 of the JAK2 gene
was performed as previously described by Baxter et al. [2]
using primers JAK2-14F (5-GGGTTTCCTCAGAACG
TTGA-3) and JAK2-14R (5-TCATTGCTTTCCTITTTT
CACAA-3'). The PCR cycling parameters were the fol-
lowing: one cycle of 94°C for 5 min, 45 cycles of 94°C for
60 s, 57°C for 60 s and 72°C for 60 s; followed by one
cycle of 72°C for 5 min. PCR products were purified with
QIAquick PCR purification Kit (Qiagen Valencia, CA).
After purification, 460-bp PCR products were digested
with BsaXI (New England Biolabs, Hitchin, UK) for 4 h at
37°C, and then analyzed on a 2% agarose gel.

2.4 Sequencing of the JAK2 gene

Besides PCR products covering exon 14, exon 12 was also
amplified using primers by Scott et al. [15]. Sequencing
was performed in both directions using a MegaBase
sequence system (Amersham, Buckingham, UK). PCR
products were purified using QIAquick PCR purification
Kit and subsequently analyzed by direct sequencing. In
some cases, PCR products were also ligated into pGEM-T
vector (Promega, Madison, WI). As a template, one of the
plasmid clones containing appropriate PCR products was
used for the sequencing reaction. In each case, at least three
of the plasmid clones were sequenced. When an alteration
in sequence was detected, additional clones were subse-
quently sequenced.

3 Results

Table 1 shows the clinical and laboratory data of the
patients diagnosed as IE and PV. Mean patient age was
younger in the IE group than in the PV group (£ = 0.01).
There was a greater male predominance in the IE group
than in the PV group. MCV in the IE group was signifi-
cantly larger than that of the PV group (P = 0.01), but
there was no significant difference in hematocrit between
the IE and PV groups. Red cell mass volume was similar
between the IE and PV groups. Serum erythropoietin was
significantly higher in the IE group than in the PV group
(P = 0.01). Although all the patients with PV demon-
strated splenomegaly, that finding was observed in only
one patient with [E (IE No. 11). Bone marrow showed
normocellularity in the majority of IE patients, whereas it
was hypercellular in PV.

Table 2 shows the clinical and laboratory data of IE
patients. Red cell mass volume was increased without a
known cause of secondary polycythemia, and leukocyte

@ Springer
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Table 1 Clinical and laboratory data at the time of diagnosis

IE (n=11) PV (n = 15) P value
Age 47 (25-59) 60 (36-70) 0.01
Male:Female 10:1 8:7
WBC (/uL.) 6,100 (4,090-7,500) 11,400 (7,000-19,400) <0.01
RBC counts (x10%pL) 604 (559-730) 669 (484-812) 0.08
Hb (g/dL) 19.3 (18.5-21.4) 19.2 (18.8-22.3) 0.12
Hematocrit (%) 57.8 (52.6-65.8) 59.7 (41.7-72.5) 0.94
MCV (fL) 96.3 (85.5-100.7) 87.5 (71.4-98.6) 0.01
Platelet counts (x10%/uL) 20.2 (14.4-34.0) 49.6 (30.7-90.6) <0.01
Red cell mass (mL/kg) 429 (37.8-56.0) 444 (31.9-654) 0.39
Serum erythropoietin (mIU/L) (normal range 7.4-35 mIU/mL) 15.6 (8.5-25.7) 9.3 (3.5-13.5) 0.01
Splenomegaly -2 +++
Bone marrow cellulality Normocellular® Hypercellular
Data are presented as the median (range)
* Slight splenomegaly was observed in one patient (IE No.11)
® Ope patient showed hypercellular bone marrow (IE No.11)
Table 2 Clinical and laboratory data at the time of the patients were diagnosed as having idiopathic erythrocytosis
Patient Age Sex WBC Neutro RBC Het Plt RBC mass sEPO  Splenomegaly Duration BM JAK2 mutation
No. ML) (%) (x 104/pL) (%) (xlO‘/pL) (mL/kg) (pg/mL) from cellularity —————

diagnosis PB* BM
(years)

1 54 M 6,880 527 600 57.8 340 435 10.1 - 6.6 NE + NE
2 58 M 5500 59.1 568 56.2 16.7 39.1 16.9 - 133 NE - NE
3 30 M 6,500 485 604 54.0 26.6 40.0 159 - 33 NE - NE
4 55 M 6410 558 604 603 144 56.0 13.6 - 6.3 NE - NE
5 39 M 5260 704 730 65.8 17.9 44.1 15.6 - 3.6 Normo - -
6 51 M 17500 716 559 56.3 200 414 18.5 - 12.8 Normo - -8
7 39 M 5610 596 613 60.2 24.1 429 17.5 - 4.0 Normo - -
8 36 M 6000 49.0 566 553 17.8 432 114 - 17.6 Normo - -
9 25 M 5430 704 615 52.6 232 378 13.1 - 27 NE - NE
10 59 F 409 39.1 698 652 215 47.1 25.7 - 8.2 Normo  — -
11 47 M 7400 500 645 60.4 202 38.6 8.5 + 13.6 Hyper - -

Neutro neutrophils, sEPO serum erythropoietin, PB peripheral blood, BM bone marrow, Normo normocellular, Hyper hypercellular, NE not

examined
* The JAK2 mutation was analyzed after diagnosis

counts and platelet counts were not increased in any of the
patients. The duration of follow-up after diagnosis ranged
from 2.7 to 17.6 years (median 6.6 years). Frequent peri-
odic phlebotomy was required in all of the 11 patients. The
clinical course and hematological data of four representa-
tive patients with IE (IE No. 1, 6, 7, and 10) are shown in
Fig. 1. Leukocyte and platelet counts remained stable dur-
ing observation period in all patients except one (IE No. 1).
This patient had slightly higher platelet counts than the
others at the time of diagnosis, and his platelet counts

@ Springer

gradually increased to over 40 x 10%/uL during observa-
tion (Fig. 1a).

We first performed allele-specific PCR of the JAK2 gene
with peripheral neutrophil DNA in the 11 IE and 15PV. In
Fig. 2a, the 203-bp products indicated amplified mutant
allele, and the 364-bp products showed an internal control.
Aberrant bands were detected in only one of the 11 IE
patients (IE No.1). However, the JAK2 V617F mutation was
detected in all PV patients (data not shown). Subsequently,
we performed restriction enzyme-based assessment of the
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Fig. 1 Clinical course of IE
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Fig. 2 Allele-specific PCR and restriction enzyme-based assessment
of the JAK2 V617F mutation in IE. a Presence of the lower band
(203-bp product) indicates that the mutation is carried by the patient;
the upper band (364-bp product) acts as an internal PCR control. Lane
1 100-bp marker, lane 2 IE No. 1, lane 3 IE No. 2, lane 4 IE No. 3,
lane 5 IE No. 4, lane 6 IE No. 5, lane 7 IE No. 6, lane 8 IE No. 7, lane
9 IE No. 8, lane 10 IE No. 9, lane 11 IE No. 10, lane 12 IE No. 11,
lane 13 HEL, lane 14 HL~60, lane 15 water, lane 16 500-bp marker.
Aberrant bands were observed in only one IE patient (/ine 2, IE No. 1)

V617F mutation (Fig. 2b). The mutant allele was detected
as an undigested form (460-bp), whereas the wild type allele
was divided into 241, 189, and 30-bp fragments after
digestion with BsaXI. The V617F mutation was also
detected in one of the 11 patients with IE (IE No.1) and all
of the 15 PV patients (Table 2).

We next performed direct sequencing of the samples
from 11 IE patients and two PV patients. Representative
results are shown in Fig. 3a. The nucleotide change from C

10

11 12

and positive control (line 13, HEL). b Restriction enzyme-based
assessment of the JAK2 V617F mutation. Undigested bands (460-bp)
were detected in Jane 2 and lane 13. The wild type allele was divided
to 241-bp, 189-bp and 30-bp fragments. Lane 1100-bp marker, lane 2
IE No. 1, lane 3 IE No. 2, lane 4 IE No. 3, lane 5 IE No. 4, lane 6 IE
No. 5, lane 7 IE No. 6, lane 8 IE No. 7, lane 9 IE No. 8, lane 10 IE
No. 9, lane 11 IE No. 10, lane 12 IE No. 11, lane 13 HEL, lane 14
HL-60; lane 15 water, lane 16 500-bp marker

to A (reverse direction), corresponding to the JAK2 V617F
mutation, was clearly detected in PV (No. 3) and HEL. By
contrast, there was no mutation detected by direct
sequencing in samples from ten of the 11 IE patients. In the
remaining one IE patient (IE No. 1) with aberrant bands by
allele-specific PCR, the nucleotide change was not clearly
detected by direct sequencing, but a faint green signal
(nucleotide “A”) was concurrently observed. To detect a
small proportion of the mutation-positive cells, sequence

@ Springer
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Fig. 3 Sequencing of the JAK2
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gene in erythrocytosis. a Direct
sequencing was performed in
IE, PV and leukemic cell lines.
The nucleotide change from C
to A (reverse direction),
corresponding to JAK2 V617F
mutation, was clearly detected
in PV No. 3 and HEL. b V617F-
positive clone is detected in IE
No. 1 (left panel) and V617F-
pegative clone is shown in the
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analysis was performed using plasmid clones containing
the JAK2 gene from IE No. 1. The V617F mutation was
detected in four of 29 clones (14.0%) (Fig. 3b).

Since peripheral blood samples do not contain erythro-
blasts DNA, we used DNA from bone marrow smear
samples. However, the JAK2 V617F mutation was not
detectable by allele-specific PCR in bone marrow samples
from six IE (Table 2).

To determine the relevance of the JAK2 mutations other
than V617F, we also performed direct sequencing of exon
12. There was no mutation detected in all 11 IE (data not
shown).

4 Discussion

The JAK2 V617F mutation was detected in one of the 11
IE patients by allele-specific PCR. The results of restriction
enzyme-based assessment were concordant with those of
allele-specific PCR. The present results show that the JAK2
V617F mutation is a rare event in IE. This is apparently
different from that of PV, since the JAK2 V617F mutation
was detected in all 15 samples from PV patients in our
study. Percy et al. [16] reported that only one of 73 patients
with erythrocytosis had the JAK2 V617F mutation. How-
ever, Rossi et al. [17] reported that none of 11 IE had the
JAK2 V617F mutation. Our results indicated that the JAK2
V617 mutation is rare in IE, differing from the incidence
in PV.

@ Springer

In the V617F-positive IE patient, the JAK2 mutation
was subsequently analyzed by sequencing. A small pro-
portion of mutation-positive cells (14.0%) were detected
using independent plasmid clones, while the mutation was
not clearly observed by direct sequencing. This difference
is probably due to the sensitivity of these methods. It is
generally considered that the sensitivity of direct
sequencing is approximately 10% and that of allele-specific
PCR is 2-3%. Proportion of mutation-positive cells of IE
No. 1 was much smaller than that of PV. In this patient, his
platelet counts were gradually increased over 40 x 10%/uL.
during observation around the examination (Fig. la). This
patient might show progression to PV according to the new
WHO diagnostic criteria proposed in 2007 [6], although the
leukocyte count was within the normal range and spleno-
megaly was absent. In contrast, none of the remaining ten
IE patients (V617F-negative) progressed to PV during
long-term observation (median follow up: 6.6 years) from
diagnosis to the most recent examination. The absence of
the V617F mutation in bone marrow cells suggested that
the mutation does not involve the erythroid lineage in these
IE patients.

Previous longitudinal studies have reported that patients
initially presenting with IE might show hematological
evolution and clinical features allowing them to be
reclassified as having PV [10, 18-20]. Najean et al. [10]
reported that 10% of patients diagnosed as having pure
erythrocytosis at initial presentation, progressed to PV at
the late stage of the clinical course. In these studies, it was
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