Supplemental Material can be fotind at:
hitpJ/iwww.jbc.org/content/suppl/2008/07/1 1/M802217200.0C 1.htm!

PML Acetylation
A B GST-PML(306-560) which is required for PML to exer-
s /7 cise many of its functions. We set u
&L LR y p
HAT r‘_‘pSBO-HAT GCNS Q @*’%\ '&*_v?"\ {_@*3.‘3\*55@ an in vivo sumoylation system in

PML = o e e Autoradio-
*_ ] graph

62—

..
110 v

62— .
37 -

cBB

79 —

110

T8 o

incorporation (%)

Relative [“C]-
oBs8s3EEEE

GST-PML(306-560)

6&

N gl

S sl
e

&¢

D

7 4

2o A
&

Autoradio- 2
graph 87 =

graph

CBB [»-3:}

Relative [“C}-
incorporation (%)
ozsggt
Relative [“C]-
Incorporation: (%)

FIGURE 2. PML acetylation in vitro. A, PML is acetylated by p300 and GCN5. GST-PML was incubated with
["Clacetyl-CoA and the indicated HATs. The reaction mixtures were subjected to SDS-PAGE, Coomassie Bril-
liant Blue (CBB) staining, and autoradiography. The positions of acetylated PML and acetylases are indicated by
an arrow and asterisks, respectively. B and ¢, identification of PML acetylation sites. Wild-type or mutant GST-
PML (amino acids 306 -560) were subjected to in vitro acetylation by p300-HAT asiin A. "'C incorporation into
each GST-PML canstruct was quantified using phosphorimaging. A representative phosphorimaging scan (fop
panel), the corresponding CBB-stained electrophoretogram (middle panel), and the quantitation of the '*C
incorporation for each mutant, relative to the wild-type PML construct (bottorn panel), are presented. The
averages of three independent analyses and standard deviations are shown. D, mutation of lysines in full-
length PML reduced acetylation by p300. Wild-type or mutant GST-PML (full-length) were subjected toin vitro

acetylation assays as described in 8.

Next, we tested whether PML acetylation is induced by TSA.
Similarly to the case of p300 coexpression, TSA treatment
enhanced PML W acetylation, whereas acetylation of PML M
was significantly reduced and showed no significant response
to TSA treatment (Fig. 3B, top panel). Our results suggest that
PMLis an acetylation target of TSA and that PML acetylation in
response to TSA largely occurs at the sites of acetylation by
p300.

Acetylation of PML in Response to TSA Is Associated with
Enhanced PML Sumoylation—Because one of the PML acety-
lation sites, lysine 487, is located in the putative nuclear local-
ization signal (amino acids 476-490), we first examined
whether PML acetylation affected its nuclear localization to see
the effect of acetylation on PML function. However, TSA treat-
ment and the acetylation-defective mutation did not obviously
affect PML nuclear localization or accumulation to NBs in
immunofluorescent staining (supplemental Fig. S3). We next
investigated whether PML acetylation affected its sumoylation,
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N which conjugation of SUMO to
PML could be detected by Western
analysis, resulting in the appearance
of a novel 100-kDa protein expected
to'be sumoylated PML (21). In this
system, ‘coexpression of p300-and
exposure to TSA resulted in a signif-
icant increase in sumoylation of
PML W, whereas sumoylation: of
PML M was weak and not obviously
affected by these treatments (Fig. 4,
A and B). These results suggest the
possibility that PML acetylation at
lysines 487 and 515 enhances its
sumoylation. Next, to verify that
acetylated PML is directly sumoy-
lated, we set up an in vitro sumoyla-
tion system' in which recombinant
HA-tagged PML protein was incu-
bated with recombinant SUMO E1
and E2 ligase and SUMO with or
without a prior acetylation reaction
using [**CJacetyl-CoA. Autoradiog-
raphy  visualizing only acetylated
PML demonstrated that acetylated
PML was efficiently sumoylated
(Fig. 4C, upper panel). Of note,
sumoylation efficiency observed in
the autoradiograph 'was much
higher than that in immunoblotting
with anti-HA antibody where acety-
lated and nonacetylated PML were
visualized (Fig. 4C, upper panel,
lane 2 versus lower panel, lane 2).
These results indicate that acety-
lated PML may be preferentially
sumoylated in vitro.

PML Acetylation May Play an Important Role in TSA-in-
duced Apoptosis—TSA treatment induces apoptosis in Hela
cells by unknown mechanisms (16). In our previous study, PML
sumoylation plays an important role in As,O,-induced apopto-
sis (21). Given our findings that PML acetylation is'associated
with increased PML sumoylation, this may represent one of the
mechanisms of TSA-induced apoptosis. We first examined
whether PML was involved in TSA-induced apoptosis. For this
purpose, we established HeLa cells stably transfected with an
expression vector for small hairpin RNA against PML and an
empty contro] vector and designated them as PML KD Hela
and control KD HelLa, respectively. Successful knocking down
of PML was confirmed by immunofluorescence analysis with
an anti-PML antibody (supplemental Fig. S4). TSA treatment
caused the appearance of a sub-G; peak in cell cycle analysis; a
marker of apoptosis, in both cells. However, the ratio of apo-
ptotic cells was reduced by ~60% in PML KD HeLa compared
with control KD HelLa, suggesting the involvement of PML in
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TSA-induced apoptosis (Fig. 54 and supplemental Fig. $5). We
examined further using PML ™/~ MEFs. Notably, overexpres-
sion of PML W in PML ™/~ MEFs substantially increased TSA-
induced apoptosis relative to cells transfected with an empty
vector, whereas, PML M displayed an impaired ability to medi-
ate apoptosis in response to TSA (Fig. 5B and supplemental Fig.
S6). An equal expression level of PML between PML W and
PML M transfectants was confirmed (supplemental Fig. $6).
These results further support the involvement of PML in TSA-
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FIGURE 3. PML acetylation in vivo. A, PML acetylation is induced by p300
cotransfection in vivo. Hela cells were transfected with indicated expression
vectors. PML acetylation was analyzed as in Fig. 18 except for the use of
anti-HA antibody. (ab) instead of anti-PML antibady for IP and IB. The lysates
were also subjected to SDS-PAGE followed by autoradiography to confirm
successful induction of histone acetylation by p300-HAT cotransfection. A
representative autoradiograph of PML (top panel); the corresponding image
of 1B with anti-HA antibody (second panel from the top), and the autoradio-
graph of histone (third panel from the top) are presented. '*C incorporation
into PML and the amount of immunoprecipitated (/P) PML protein were quan-
tified using analyzer of each imaging system. Relative '*C incorporation
adjusted by the efficiency of immunoprecipitation was calculated. The aver-
age and standard deviations for two: independent analyses are presented
{bottom panel). B, PML acetylation is increased in response to TSA treatment.
Hela cells were transfected with indicated expression vectors and treated
with or without 10 um TSA for 4 h. PML acetylation was analyzed and pre-
sented as in A. WB, Western blotting.

PML Acetylation

induced apoptosis and suggest the importance of PML acetyla-
tion in conferring apoptosis by TSA.

Next, we investigated the effect of PML sumoylation on
PML-mediated apoptosis in response to TSA. Cotransfection
of expression vectors for SUMO and Ubc9 further sensitized
PML W transfectants to TSA-induced apoptosis (Fig. 5C, third
and fourth lanes), whereas the proapoptotic effects of SUMO
and Ubc9 were greatly reduced in control and PML M transfec-
tants (Fig. 5C, first and second lanes and fifth and sixth lanes).
Enhanced sumoylation of PML W induced by TSA and
impaired sumoylation of PML M were observed also in
PML~/> MEFs (Fig. 5D). These results suggest that suinoyla-
tion enhances PML-mediated apoptosisin responseto TSA. To
test this hypothesis, we created an expression vector for the
PML-3K mutant, which had lysine-to-arginine mutations at all
three PML sumoylation sites and ¢annot be sumoylated (22).
Overexpression of PML-3K in either the presénce or absence of
SUMO and Ubc9 had little or no effect on TSA-induced apo-
ptosis (Fig. 5C, seventh and eighth lanes), indicative of arequire-
ment for PML sumoylation in TSA-mediated apoptosis. These
results suggest the hypothesis that enhanced PML sumoylation
through PML acetylation is one of the mechanisms of TSA-
induced apoptosis.

Finally, to investigate the generality of the effects of TSA on
PML among HDAC inhibitors, we used depsipeptide, another
HDAC inhibitor that belongs to a different class. Depsipeptide
enhanced acetylation and sumoylation of PML, and its apopto-
tic effect was increased by PML expression similarly to TSA
(supplemental Fig. $8). These results further support the hypo-
thetical importance of PML acetylation in HDAC inhibitor-
induced apoptosis.

DISCUSSION

The data presented here demonstrate that acetylation of
PML may enhance its sumoylation

and play an important role in the
A ‘,.vé V‘,y* e Q‘y‘\ Q\;\«* e MLy control of PML-dependent apopto-
Qy? Qv? &F F Acetylation 4 + sis in response to TSA exposure.
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FIGURE 4. PML acetylation is associated with enhanced sumoylation. A, p300 coexpression enhances PML
sumoylation. Hel a cells were transfected with the indicated expression vectors with cotransfection of those for
SUMO and Ubc9. The cell lysates were subjected to SDS-PAGE followed by immunoblotting (B} with anti-HA
antibody (ab). The positions of sumoylated PML detected as an upper shifted band and nonsumoylated PML
are indicated by white and black arrowheads, respectively. The ratios of sumoylated PML to total (sumoylated
and unsumoylated PML) were calculated (SUMO ratio) and presented as bar charts. B, PML sumoylation
increases in response to TSA treatment. PML sumoylation was examined as in A except that cells were treated
with 10 kM TSA for 4 hinstead of catransfection of p300-HAT. C, acetylated PML is preferentially sumoylatedin
vitro. HA-tagged PML protein synthesized in vitro was immunoprecipitated with anti-HA antibody and incu-
bated with p300-HAT and [*Clacetyl-CoA as in Fig. 2A. The protein was subjected to an in vitro sumoylation
assay and SDS-PAGE and transferred to a polyvinylidene difluoride membrane: Sumaylation of total (acety-
lated and nonacetylated) PML was visualized by IB with anti-HA antibody (lower panel). The same membrane
was also subjected to an autoradiography to visualize sumaylation of acetylated PML (upper panel). Sumoy-
lated and nonsumoylated PML are indicated as in A. SUMO ratio in each panel were calculated and presented

at the bottom.
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formation may represent one of the
mechanisms by which PML acetyla-
tion can enhance apoptosis. This
hypothesis is supported by our
findings that coexpression ' of
SUMO and Ubc9 enhances PML-
dependent apoptosis by TSA, that
acetylation-defective  mutants . of
PML. exhibit defects in sumoylation
and apoptosis in response to TSA
treatment, and that a sumoylation-
impaired PML mutant (PML-3K) is
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FIGURE 5. PML acetylation is important for apoptosis induced by TSA.
A, PML knockdown reduces TSA-induced apoptosis in Hela cells; HelLa
cells whose PML was stably knocked down (PML KD Hel.a) or control cells
(Control KD Hela) were treated with or without 1 uM TSA for 36 h. Apop-
totic cells were detected and quantified as described under “Experimental
Procedures.” The ratios of apoptotic cells are plotted on bar charts. The
averages of two independent analyses and: standard deviations are
shown. B; an acetylation-defective mutant of PML displayed impaired abil-
ity to mediate TSA-induced apoptosis. PML ™/~ MEFs were transfected
with a bicistronic expression vector for GFP alone {(control) or GFP and the
indicated PML. GFP." cells were sorted and treated with or without 1 M
TSAfor48 h. Apoptotic cells were analyzed as in A. G, coexpression of Ubc9
and SUMO: enhances PML-mediated apoptosis in response to TSA. The
analyses of apoptosis: were performed as in: B except that cells were
cotransfected with expression vectors for SUMO and Ubc9 (SUMO mix) or
an empty vector as indicated. D, increased PML sumoylation induced by
TSAin PML ™/~ MEFs; PML sumoylation in PML ™/~ MEFs was examined as
in Fig. 4B. IB; immunoblotting; ab, antibody.

also defective in TSA-mediated apoptosis. It should be noted
that PML ™/~ MEF cells are still sensitive to apoptosis by TSA,
although at a much reduced level compared with cells express-
ing PML. There may also be PML-independent apoptotic
mechanisms that respond to TSA. This is not surprising, con-
sidering that TSA alters the expressions of various genes by the
acetylation of histones and many kinds of transcription factors
such as p53 (see Introduction). More work will be required to
determine the individual contributions of these different
actions of TSA on the proliferation, survival, and differentiation
of cells.

Acetylation of lysine leads to loss of its positive charge. In
some cases, arginine, a positive charged amino acid, and gluta-
mine, a noncharged one, are reported to mimic nonacetylated
and acetylated lysine, respectively. We examined whether ghi-
tamine substitution at acetylation sites, lysines 487 and 515, had
an enhancing effect on PML sumoylation. The PML mutant
with  glutamine substitution, however, showed impaired
sumoylation in HeLa cells similarly to the one with arginine
substitution (data not shown). Effects of acetylation other than
the loss of positive charge or subtle differences of amino acid
structure between lysine and glutamine may be important for
PML sumoylation.
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Recent studies reveal that increasing numbers of proteins are
targeted by both acetylation and sumoylation. However, the
correlation between these modifications has hardly been inves-
tigated except the cases where both modifications competi-
tively target the same lysine residue such as the cases of HIC1
(hypermethylated in cancer 1) and' MEF2 (myocyte enhancer
factor2)(23,24). Thisisthe first report that suggests acetylation-
dependent enhancement of sumoylation. Phosphorylation has
been reported to regulate sumoylation. Recently; the classical
sumoylation consensus motif (yKXE) with an adjacent proline-
directed phosphorylation motif (SP), yKXEXXSP motif where
yris a large hydrophobic residue and X is any residue, has been
proposed as a phosphorylation-dependent sumoylation motif
(25, 26). Between the two acetylation sites, lysines 487 and 515,
lysine 487 is the major acetylation site, and K487R affects
sumoylation more than K515R (Fig. 2, B and C; and data not
shown). PML sumoylation is reported to occur at three lysine
residues, lysine 65, 160, and 490 (22). It would be interesting to
discover whether acetylation at lysine 487 specifically affects
sumoylation at any of these lysine residues, especially at the
adjacent lysine 490. p53 also has a similar sequence where an
acetylated lysine lies adjacent to a sumoylated lysine (supple-
mental Fig. §9), although the correlation between acetylation
and: sumoylation has not been investigated (27). Kyy/KXE
might be a motif of acetylation-dependent sumoylation:

In summary, our studies provide evidence for a new post-
transcriptional modification of PML and a new mechanism of
regulation of PML sumoylation, and establish a novel relation-
ship between PML and TSA-induced apoptosis. This work pro-
vides new insights into the regulation of PML function and the
control of protein sumoylation. Considering the large number
of binding partners of PML and the key contributions of PML to
the stability and function of the NBs, PML acetylation is likely
to modulate multiple cell activities beyond apoptosis through
regulation of recruitment or release of NBs components.
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Summary

Wnt signaling activates the canonical pathway and induces the accumulation
of non-phosphorylated beta-catenin (NPBC) in the nucleus. Although this
pathway plays an important role in the maintenance of haematopoietic stem
cells as well as in oncogenesis; the significance of niiclear NPBC remains
unclear in malignant haematopoiesis. This study examined the expression of
nuclear NPBC in bone marrow specimens from 54 and 44 patients with
de novo acute myeloid leukaemia (AML) and myelodysplastic syndrome
(MDS), . respectively.. On  immunohistochemistry with an  anti-NPBC
antibody, the nuclei were positively stained in 22 and 18 of AML and
MDS specimens, tespectively. Staining of nuclear NPBC was associated with
AML subtypes (M6 and M?7), low complete remission (CR) rate, and poor
prognosis. Nuclear NPBC was also associated with a high score when using
the International Prognostic Scoring System (IPSS) for MDS and with =7/
=7q and complex karyotypes. These findings suggest that in situ detection of
nuclear NPBC by immunohistochemistry could provide new insights into the
pathogenesis and prognosis of AML and MDS.

Keywords: beta-catenin, non-phosphorylated beta-catenin, acute myeloid
leukaemia, myelodysplastic syndrome, immunohistochemistry.

The Wnt/beta-catenin pathway is involved in the self-renewal
and proliferation of haematopoietic stem cells (Reya: et al,
2003; Willert et al, 2003). Signaling is initiated by binding of
Wnt proteins to transmembrane receptors of the Frizzeled
family (Giles' et al, 2003). In the absence of Wnt signals,
a dedicated complex: of proteins that includes the tumor
suppressor gene product-APC, axin, and glycogen synthase
kinase-3-beta: (GSK3-beta) phosphorylates specific serine and
threonine residues within ' the N-terminal region of beta:
catenin, which leads to the ubiquitination of beta-catenin and
its degradation by proteasomes (Conacci-Sorrell ef al, 2002;
Noort et al, 2002; Staal et al, 2002; Giles et al, 2003). Wnt

signals block GSK3beta activity, resulting in the accumulation
of non-phosphorylated beta-catenin: (NPBC), which is finally
translocated to the nucleus: (Noort ‘ef al, 2002; Staal ef al,
2002). - Nuclear. NPBC - interacts with T-cell transcription
factor (TCF). and lymphoid ‘enhancer factor (LEF), and. it
activates target genes such:as MYC and CCNDI (He et al,
1998; Tetsu & Maccormick; 1999). Therefore, nuclear NPRC
is known to be oncogenic in many solid tumors (Bienz &
Clevers,  2000;  Polakis, - 2000). ‘Mutations of APC, beta-
catenin, or axin, which are observed in various tumors, lead
to  stabilization  of NPBC  (Morin efal, 1997; Barker &
Clevers; 2000).
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In the bone marrow (BM), Wnt proteins activate the beta-
catenin pathway and the non-obese severe combined immu-
nodeficient. (NOD-SCID)-repopulating - capacity of. normal
haematopoietic stem cells. They lead to increased expression
of HOXB4 and NOTCH] implicated in the self-renewal of
haematopoietic stem cells (Reya et al, 2003). Up-regulation of
the beta-catenin pathway has been suggested in chronic
myeloid- leukaemia- (CML)-derived . granulocyte-macrophage
progenitor  cells: (GMPs) and: multiple: myeloma (MM) cells
(Derksen et al, 2004; Jamieson et al; 2004). Furthermore; beta-
catenin reportedly. plays a significant role in promoting cell
proliferation; ‘adhesion, ‘and survival  in vitro' (Chung et al,
2002). The expression of beta-catenin is--also” enhanced by
oncogenic FLT3 signals and associated with poor prognosis
(Tickenbrock et al, 2005; Ysebaert et al, 2006). However, there
are some contradictory reports. Studies of conditional knock-
out mice with a beta-catenin gene (Ctnnb1) deletion indicated
that Ctnnbl is not indispensable for haematopoiesis. (Cobas
et al, 2004). Furthermore; an active form of Ctnnbl compro-
mised haematopoietic ‘stem cell maintenance and: blocked
differentiation ‘in’transgenic mice experiments (Simon: ef al,
2005). The role of the Wnt/beta-catenin pathway in malignant
haematopoiesis therefore needs to be further elucidated.

According to previous studies, the expression of beta-catenin
is associated with activation of the Wnt pathway as well as poor
prognosis (Tickenbrock et al,  2005; Ysebaert et al, 2006).
However, beta-catenin is associated not only with Wnt signaling
but also with adherence junctions (Conacci-Sorrell et al, 2002).
It is anchored to the cell inner surface membrane via cadherins.
In normal bone marrow: (BM); the: vascular endothelium
expresses a significantly higher amount of beta-catenin relative
to the level in haematopoietic cells. Accordingly, immunohis-
tochemical detection of nuclear NPBC would enable a better
understanding of the role of beta-catenin in leukaemia.

This study investigated the subcellular localization of beta-
catenin in BM specimens from acute myeloid leukaemia
(AML) and myelodysplastic syndrome (MDS) patients using
two anti:beta-catenin  antibodies: one against C-terminal
peptides and another against N-terminal non-phosphorylated
peptides. The latter antibody detected nuclear NPBC, and
positive staining for nuclear NPBC was associated with
particular clinical characteristics of AML and MDS.

Materials and methods

Patient samples

For clinical samples, BM dlots were obtained during routine
diagnostic procedures. Beta-catenin expression was analyzed in
BM specimens from patients newly diagnosed at the Nagoya
University Hospital between 2000 and 2006 (Table 1). The
de novo AML patients consisted of 35 men and 19 women witha
median age of 53 years (range, 20-81 years), and FLT3 muta-
tions were detected in seven of 22 patients with AML (31:8%).
The MDS patients consisted of 28 men and 16 women with a
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Table I. Clinical characteristics of AML and MDS patients according
to nuclear NPBC expression.

Nuclear NPBC*  Nuclear NPBC'  P-value
Patients with 22 32
de nove AML
Age (median) 54 (20-81) 53 (18-71) . NS
Sex/male/female 18/4 17/15 0005
Laboratory data
‘WBC (XIOQII; 35 (0-8-92'5) 53 (0-7-202'1) NS
median)
Hb (g/l; median) 74 (43-134) 98 (36-141) 001
PLT (x10°/}; 7:6 (0:3-170) 42/ (1'1=27-3) NS
median)
PB blasts (%; 24 (0-82) 39 (0-99) NS
median)
BM :blasts: (%; 46:2.(20-86'5) 775 (29-98) 002
median)
CR rate 13/22 (59:1%) 24/27 (889%) 001
Relapse rate 16/21 (76:2%) 14/24 (58-3%) 003
Patients with MDS 18 26
Age 59 (26-76) 57 (22-89)
Sex/male/female . 12/6 16/10 005
Laboratory data
WBC (x10%/%; 2:9 (1:2-90) 26 (16-59) NS
median)
Hb (g/l; median) 75 (46-151) 85 (47<127) NS
PLT (x10%/1; 79 (7-122) 44 (7-400) NS
median) !
BM blasts (%:; 3.(0-30) 5.(0-30) NS
median)
IPSS score*
Low risk 0 4. NS
Intermediate-1 4 12 NS
Intermediate-2 4 4 NS
High risk 3 1 004

NPBC, non-phosphorylated: beta-catenin; AML, acute myeloid leu-
kaemia; MDS, myelodysplastic syndrome; WBC, white blood. cell
count; Hb, hemoglobin concentration; PLT, platelet count; PB,
peripheral blood; BM, bone marrow; CR, complete remission; IPSS,
International Prognostic Scoring System.

*Full data was available in 32 of the 44 patients with MDS.

median age of 57 years (range, 22-89 years). BM mononiiclear
cells were harvested by standard Ficoll/Paque density gradient
centrifugation (Amersham Pharmacia Bioscienices, Roozendaal,
the Netherlands), and were suspended in RPMI 1640 medium
supplemented with 10% fetal bovine serum, 100 IU/ml of
penicillin G and 100 pg/ml of streptomycin.

Antibodies

For immunohistochemical ~and . immunioblot studies, two
monoclonal antibodies were used; one was against C-terminal
peptides (clonel4, IgGl; BD Transduction Laboratories/Life
Science Research, Heidelberg, Germany), enabling recognition
of pan beta-catenin  (PBC), and the other was against
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N-terminal-peptides (clone 8E4, IgGl; Alexis Biochemicals,
Lausanne, Switzerland), enabling recognition of NPBC.

Immunohistochemical staining

Samples were fixed with ice-cold 4% paraformaldehyde for 16~
24 h, embedded in paraffin, sectioned transversely* (thickness,
3 pm), and processed for immunohistochemistry to determine
the localization of beta-catenin. After removal of paraffin with
xylene and dehydration with a series of ethanol solutions, the
tissue sections were subjected to microwave irradiation (750. W)
for 15 min in 0-01 mol/l citrate buffer (pH 6-0). The sections
were then placed in an automated immunostainer (Ventana
Medical Systems; Tucson, AZ; USA):as' described: (Xu et al,
2002). For negative controls, primary antibodies were replaced
with mouse 1gG. The subcellular distribution of beta-catenin
(i.e. restriction to the nucleus or presence in the membrane) was
assessed without knowledge ‘of the' French-America-British
(FAB) subtypes, FLT3 mutations or karyotypes. We investigated
a single case twice for NPBC expression. The entire section was
screened to find the tegion with the highest immunostaining:
The score was determined in each case after counting at least 500
nuclei in 3-5 randomly selected regions. When 20% or more of
the BM mononuclear cells were positive for nuclear staining of
NPBC, they were classified as nuclear NPBC'. The cut-off value
of 20% was determined by the median distribution of the
percentage of BM mononuclear cells stained by NPBC. As
described 'in the results, some erythroblasts were positive for
NPBC but the number was <20% except in the case of M6
patients. On the other hand, almost all blasts in M7 and other
cases tested positive. The discrimination of cell types based on
the 20% criterion therefore enabled a clear delineation.

Immunoblotting

Cell lysates from AML cells were extracted as previously
described (Ozeki et al, 2004). A total of 1 % 10° cells were
directly lysed in sample buffer and then subjected to sodium
dodecyl sulphate-polyacrylamide gel electrophoresis on a 10%
gel, and the separated proteins were transferred to a polyviny-
lidene difluoride. membrane (Bio-Rad, Hercules, CA; USA).
The membrane was initially incubated at room temperature for
1 h with 5% nonfat milk and 0-1% Tween-20 in Tris-buffered
saline and then overnight with mouse monoclonal antibodies
at'a 1:2000 dilution in the same solution. After washing, the
membrane was incubated for 1 h with a 1:5000 dilution of
horseradish peroxidase-conjugated mouse antibodies to mouse
1gG (MBL, Amersham, Bucks, UK), and immune complexes
were then detected with enhanced chemiluminescence (ECL)
reagents (Amersham).

Statistical analysis

The %7 test was used to calculate the difference of frequencies
between nuclear NPBC' and NPBC™ groups. The Mann—

Whitney U-test was used to compare continuous variables.
Kaplan-Meier curves were drawn using sTATVIEW software
(Macintosh; SAS Institute; Cary, NC, USA). P-values <0-05
were considered significant.

Results

Using an anti-beta-catenin C-terminal peptide antibody, beta-
catenin’ was stained -in the - membrane: and: cytoplasm. of
erythroid: cells from normal BM. In de novo ' AML specimens,
significant ‘staining was observed only. in- M6.: This antibody
also ‘detected BM vessels whose density was increased in'AML
specimens’ as - previously reported - (Serinséz ‘ef al, 2004;
Fig 1A). On the other hand, an anti-N-terminal nonphosph-
orylated peptide antibody gave no: significant staining in the
normal BM. In AML specimens, nuclear NPBC was:detected in
erythroid -blasts; megakaryoblasts: and: some.  myeloblasts
(Fig 1A). In M6 specimens, nuclear. NPBC was detected in
30-80% of myelomonocytic cells and nearly 100% of eryth-
roblastic cells (Fig 1A). In M7 specimens, megakaryocytes were
also strongly positive for nuclear NPBC (Fig 1A). In total, 20%
or more of the BM mononuclear cells were positive for nuclear
NPBC in 22 (40:7%) of 54 AML patients (Table I, Fig 1B).
There ‘was a strong male predominance of nuclear NPBC*
cases; comprising 81:8% (18/22) in AML patients (Table I):
However, the reason for this is unclear. In our cohort study,
the karyotypes of female patients correlated to t(8;21)/t(15;17),
which did not express nuclear NPBC. Thus the small numbers
of studied patients seem to give some bias to the male
predominance. A large-scale study is necessary to confirm this
association. Nuclear NPBC! ‘staining was closely associated
with AML subtype: it occurred frequently (8/9) in M6 and M7
and rarely (0/7) in M3 (Fig 1B), and nuclear NPBC® was
preferentially detected in erythroid and megakaryoblastic leu-
kaemia compared to other myeloid leukaemias (M6-M7 vs.
MO-M5, P < 0:001).

In MDS specimens, erythroid cells and endothelial cells were
stained with the anti-beta-catenin C-terminal peptide antibody
(Fig 2A). As observed for AML specimens, the cytoplasm and
inner membrane were stained by this antibody. The anti-beta-
catenin - N-terminal nonphosphorylated  peptide antibody
detected nuclear staining in myeloblasts and erythroblasts that
was similar to the pattern seen in AML cases (Fig 2A). Nuclear
NPBC was found:in 18 (40:9%) of 44 MDS patients, and was
related to the FAB classification of MDS (Table I, Fig 2B).
Nuclear NPBC' was preferentially ‘detected in refractory
anaemia with excess blasts in transformation (RAEBT) com-
pared to other MDS subtypes [RAEBT versus refractory
anaemia (RA)/refractory anaemia with ringed sideroblasts
(RARS)/RAEB, P = 0:01].

To confirm whether these two antibodies recognized beta-
catenin, a total of 41 samples from AML and MDS patients were
subjected to immunoblot analysis. The anti-beta-catenin
C-terminal peptide antibody detected bands at a molecular
weight of 95 kDa, corresponding to beta-catenin, in most
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Fig 1. Specific association of NPBC expression with FAB subtypes of AML specimens. (A) In normal BM clots, PBC is expressed on the membranes
of erythroid cells as well ‘as endothelial cells. NPBC was not detected in niormal BM clots. Most erythroid celis and endothelial cells showed cell
membrane expression of PBC without expression in the nucleus or cytoplasm. NPBC was expressed in leukemia cells and was always restricted to the
nucleus; especially in M6 and M7 specimens. Prominent staining of endothelial cells was seen in the vascular tissue in BM derived from an M2 patient
with, though NPBC staining was negative in the same specimen. Original magnification x40. (B) The graph presents data based on nuclear NPBC

staining in paraffin sections from 54 patients with AML

samples  except for M3 (Fig 3A). The anti-N-terminal
nonphosphorylated peptide antibody gave bands of the same
size in only a few samples of AML and MDS (Fig 3B). The
results of immunoblotting corresponded to those of immuno-
staining, although the latter was more sensitive than the former.

The above findings suggest that expression of nuclear NPBC
could be used to identify some subsets of AML and MDS. Next
we  studied whether 'nuclear \NPBC was associated - with
chromosomal ‘abnormalities or genetic alterations. Previous
studies suggested that AML-associated translocations, such as
t(8;21) and t(15;17), contributed to the activation of gamma-
catenin, or that FLT3 mutation might be associated with the
stabilization of beta-catenin. In this study, however, nuclear
NPBC was never detected in AML with t(8;21) or t(15;17). In
AML/MDS with —7/=7q and a complex karyotype, nuclear
NPBC was frequently ‘detected (P = 0-:007 and P = 0:02,
respectively; Table 1I). Moreover, detection was not related
to FLT3 internal tandem duplication (ITDj; Table 1I).

Finally, we studied whether clinical characteristics and
outcome were different between nuclear NPBC* and NPBC
AML patients. NPBC' AML patients showed significantly
lower hemoglobin levels, lower blast percentages in the BM,
and lower CR rates (Table 1). There were no significant
differences between the NPBC' and NPBC  groups in the

© 2008 The Authors

MDS patients (Table 1). However, nuclear NPBC was associ-
ated with a high  International Prognostic Scoring System
(1PSS): score (Table 1). Of note, nuiclear NPBC' AML patients
had worse overall survival than NPBC AML patients (Fig 4A).
Even if the M6/M7 subtype and/or M3 subtype was excluded
from  the analysis,” there was still ‘a significant association
between nuclear NPBC' and survival (Fig 4B-D).

Discussion

This study used nuclear NPBC as a biomarker for the activated
Whnt/beta-catenin signaling’ pathway. The anti-beta-catenin
C-terminal peptide antibody detected total beta-catenin in
immunoblots but mainly cytoplasmic and membrane-associ-
ated beta-catenin in' immunohistological analysis, whereas the
anti-beta-catenin N-terminal nonphospholylated peptide anti-
body detected only nuclear beta-catenin in both analyses (data
not shown). Accordingly, it was concluded that the nuclear
staining with the latter antibody identified nuclear non-
phosphorylated beta-catenin. Nuclear NPBC was detected in
22 (40-7%) of 54 AML patients and 18 (40-9%). of 44 MDS
patients. Positive staining of nuclear NPBC was associated with
particular. AML subtypes (M6 and M7), a low complete
remission rate, and poor prognosis. The presence of nuclear
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Fig 2. Specific association of NPBC expression with FAB subtypes of
MDS specimens. (A) Most erythroid cells and endothelial cells showed
cell membrane expression of PBC without expression in the nucleus or
cytoplasm. NPBC was expressed in erythroid cells and was always re-
stricted to the nucleus, especially in refractory anaemia with excess
blasts in transformation (RAEBT) and MDS specimens with =71=7(q)-
Original magnification %40. (B) The graph presents data obtained for
nticlear NPBC staining in paraffin sections from 44 patients with MDS.
RA, refractory anaemia; RARS, RA with ringed sideroblasts; RAEB, RA
with excess blasts.

NPBC was also associated with a high IPSS score of MDS and
with =7/-7q and complex karyotypes.

Previous reports indicated that a significant proportion of
AML samples expressed beta-catenin on immunoblot analysis.

Table II. Cytogenetic abnormalities and FLT3 mutation according to
nuclear NPBC expression.

Nuclear Nuclear
NPBCY (N) NPBC™ (N) P-value
Karyotypes
1(8;21) o 3 NS
t{15;17) (4} 4 NS
~5/=5q 4 1 NS
~71-7q 12 6 0-007
Complex 13 7 002
Others 19 2 NS
Normal 10 31 0-0003
Unknown 7 1 002
FLT3 mutation
Wild type 3 12 0006
D 2 5 NS

Patients are counted more than once due to the coexistence of more
than one cytogenetic abnormality. Complex: patients had three or
more cytogenetic abnormalities.

NPBC, non-phosphorylated beta-catenin; ITD;, internal tandem repeat;
NS, not significarit:

The expression of beta-catenin is related to CD34 expression,
poor prognosis and clonogenic capacity ex vivo (Ysebaert et al,
2006). . Furthermore, ' beta-catenin is expressed in. normal
CD34" progenitor cells and the expression level is reduced
upon: differentiation. (Simon et al;. 2005). In these: studies,
however, the total beta-catenin level was' analyzed only by
immunoblot analysis. - Beta-catenin is expressed not only as
nuclear NPBC but also as a cadherin-associated protein in the
inner cytomembrane (Conacci-Sorrell et al, 2002). The present
study found. that normal erythroblasts expressed cytoplasmic
or membrane-associated beta-catenin but not nuclear NPBC
(Fig 1A). Both membrane-associated and nuclear beta-catenin
was expressed in. malignant erythroblasts in: subtype M6

(n) 8
7
86
&5
&4 £ Total
= 5 PBC expression
S B NPBC expression
Z 2
ot | ‘A
MO ML M2 M3 M4 M5 M6 M7 MDS
(B)
MO MI M2 M3 M4 M5 M6 M7 RA RAEB RAEBT BM P}
; — T80 e . PBCexpression

Fig 3. Beta-catenin expression of AML cells assessed by immunoblotting. (A) The graph shows data obtained for the expression of NPBC in
mononuclear cells from 41 patients with AML, and the data indicate that expression of NPBC is specific to some FAB subtypes, especially to M6 and
M7. (B). Representative immunoblots for PBC and NPBC in AML samples. RA, refractory anaemia; RARS, RA with ringed sideroblasts; RAEB; RA
with excess blasts; RAEBT, refractory anaemia with excess blasts in transformation.
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Fig 4. Kaplan-Meier cumulative survival curves were calculated for 51 AML patients (A) and 46 patients excluding subtype M6/M7.(B), 44 patients
excluding subtype M3 (C); 39 patients excluding subtype M3/M6/M7 (D), respectively, according to the presence of nuclear NPBC. Comparison of
the survival curves using the log-rank test identified nuclear NPBC' ‘as a prognostic factor.

(Fig 1A). These findings suggest that increased nuclear NPBC
levels were the result of aberrant signal transduction in the
Wnt pathway or an abnormality of beta-catenin itself.

In this study, the expression levels of total and
non-phosphorylated beta-catenin were correlated but varied
significantly among leukemia samples. In M6 and M7 samples,
the expression of beta-catenin was significantly augmented,
whereas it was hardly detected in M3 and normal BM samples.
These variations suggest the possibility that Wnt/beta-catenin
signaling is mediated by multiple factors, such as immatutity,
lineage, and oncogenic signals.

We established a correlation between nuclear NPBC' and
poor survival in AML patients. The prognostic value of total
beta-catenin expression has been previously studied in AML
patients (Ysebaert et al, 2006); but the present study clearly
showed for the first time that nuclear NPBC is associated with
prognosis. The association was still observed even if M6/M7
and/or M3 patients were excluded from the analysis. Nuclear
NPBC might be 2 new prognostic marker for AML and MDS
that can be evaluated by histopathological examination.

©:2008 The Authors

Journal Compilation © 2008 Blackwell Publishing Ltd, British Journal of Haematology, 140, 394-401

Wats are a family of paracrine and autocrine factors that
regulate cell growth and cell fate (Reya et al; 2003). The Wnt
autocrine signaling  mechanism  was  initially discovered in
human breast and ovarian tumor cell lines as well as in MM
primary samples (Bafico ef al, 2004; Derksen et al, 2004). Since
several Wnt family members have been reported in BM
stromal cells, it is possible that leukaemia cells respond to
different proteins of the Wnt/beta-catenin pathway secreted by
stromal cells in a paracrine fashion (Austin ef al; 1997; Van
Den Berg et al, 1998; Etheridge et al, 2004). Nuclear NPBC was
detected in some cell lines only when they were transplanted in
non-obese diabetic/severe: combined immunodeficient/gam-
macnull (NOG) mice (data not shown). Thus, the leukaemia
niche may have an important role in nuclear NPBC expression
during AML.

MDS is a clonal hematopoietic stem cell disorder charac-
terized by multi-lineage dysplasia and pancytopenia in which
further genetic events may be required for the rapid expansion
of leukaemic blasts (Heaney & Golde, 1999; Hirai, 2003).
Although nuclear NPBC has been studied in many cancers as
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well as haematological malignandies, it has not been studied in
MDS (Morin et al, 1997; Barker & Clevers, 2000; Giles et al,
2003). This is the first study to report the expression of beta-
catenin in MDS patients. Here we showed that nuclear NPBC
was related to the IPSS score and: that secondary AML from
MDS showed the highest percentage of nuclear NPBC
expression. The Wnt signaling pathway may play an important
role in the pathogenesis of the transformation of MDS into
AML. Regarding chromosomal abnormalities, ~7/~7q and/or
complex karyotypes were significantly associated with the
presence of nuclear NPBC. According to recent data (Liu et al,
2006), the gene encoding alpha-catenin (CTNNAI) is sup-
pressed by deletion and/or methylation. Both alpha-catenin
and beta-catenin bind to the inner membrane of hematopoi-
etic cells, and cadherin binds to actin filaments via the catenin
complex. If the expression of alpha-catenin is suppressed in the
5q- genotype or for other reasons, beta-catenin may. be
abnormally located or activated. In this study, abnormalities of
chromosome 5 were associated with the presence of NPBC but
this was not statistically significant. The reason why NPBC is
associated with chromosome 7 abnormalities remains unclear.
A gene encoded by chromosome 7 may be associated with the
regulation of the Wnt/beta-catenin pathway. Several possible
candidate genes including SFRP4, WNT2, and FZD1 and FZD9
are located at human chromosome: 7. There are reports that
sFRP4 plays a role in tumor suppression via the Wnt pathway
(Hrzenjak et al, 2004; Horvath et al, 2007), although the
specific relationship remains unknown. Since many molecules
are directly or indirectly associated with the phosphorylation,
stabilization ‘and nuclear translocation of beta-catenin, the
presence of nuclear NPBC might provide a clue to find a new
leukemia-associated signaling mechanism.

In condlusion, in sifu detection of nuclear NPBC by
immunohistochemistry of paraffin sections from BM speci-
mens could be used to predict the prognosis of AML and MDS.
Understanding the mechanisms leading to leukemogenesis in
nuclear NPBC* AML and MDS may lead to new anti-leukemia
therapies.
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Abstract The pharmacokinetics (PK) and pharmacody-
namics (PD) of the once-daily, oral ironchelating agent,
deferasirox (Exjade®, ICL670), have been evaluated further
ina Phase I, openlabel, multicenter, dose-escalation study in
Japanese patients with myelodysplastic syndromes, aplastic
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anemia, . and * other 'anemias. Deferasirox : was initially
administered as a single dose of 5 (n = 6), 10 (n = 7), 20
(n=16) or 30 (n=7) mg/(kg day) and then after 7 days
seven daily doses were administered. Linear PK (Cpax and
AUC) were observed at all doses after a single dose and at
steady state, and . dose-dependent  iron  excretion  was
observed. Pharmacokinetic/pharmacodynamic’ parameters
were similar to those reported in a Caucasian B-thalassemia
cohort. Following: the single- and multiple-dose phases, 21
of 26 patients progressed to a 3-year extension phase of the
study, where dose reductions and increases: [5-30 mg/
(kg day)] were allowed following  safety and efficacy
assessments. In the interim, 1-year data show that defer-
asirox was well tolerated, with generally infrequent and
mild adverse events. Reductions in serum ferritin levels
were observed and a negative iron balance achieved at doses
of 20-30 mg/(kg day). These data suggest that deferasirox
has a stable and predictable PK/PD profile, irrespective of
underlying disease or race, and a predictable and manage-
able safety profile suitable for chronic administration.

Keywords Tron chelation - Deferasirox - Iron overload -
Myelodysplastic syndrome

1 Introduction

Blood transfusions : provide key: supportive therapy  for
patients - with  chronic anemias, relieving. the disease
symptoms, improving quality of life, and extending sur-
vival [1-3]. However, the senescence of transfused red
blood cells leads to the release of excess iron for which the
body has no active mechanism of removal. Once levels of
transferrin, an iron-binding protein, are saturated, free iron
begins to circulate and is taken up and stored in:the
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parenchymal cells of the liver, heart, endocrine organs,
brain, and joints [4, 5]. The accumulation of toxic iron
leads to the generation of active oxygen species, resulting
in DNA damage, lipid peroxidation;, apoptosis and; there-
fore; “ongoing “tissue - damage. If iron :levels ‘remain
uncontrolled, progressive organ dysfunction will result in
death, - principally. fromcardiac - and liver. failure. Iron
overload: can be effectively managed with iron chelation
therapy, which' can prevent the consequences of iron tox-
icity: and improve patients’long-term outcomes [6-9].

In Japan, the: myelodysplastic syndromes (MDS): and
aplastic anemia (AA) are the most: common: anemias
requiring regular blood transfusion therapy. Despite wide-
spread recognition  of ‘the risks -associated - with. iron
overload, and the subsequent need to manage iron levels,
treatment options are, at present, limited to deferoxamine
(Desferal®, DFO), an iron chelator with a high molecular
weight that requires parenteral administration. In contrast to
most countries around the world where DFO is administered
via slow subcutaneous infusion utilizing a portable pump
because of its short half-life, DFO is approved in Japan only
for intravenous and intramuscular administration. In con-
trast to the recommended regimen of slow subcutaneous
infusion 5-7 nights/week; it is therefore a common practice
for DFO to be administered only once every 2 weeks in a
hospital setting. As studies have demonstrated that chelation
coverage is limited to periods of drug exposure, infrequent
infusions will allow raised levels of non-transferrin bound
iron to reoccur, exposing patients to toxic iron levels [10,
11]. A recent survey on Japanese patients with MDS, AA,
and ‘other anemias, highlighted that less than half had
received iron chelation therapy, and of those who were
treated, less than 9% received continuous/daily DFO ther-
apy [12]. A high mortality rate was noted in this population,
primarily from cardiac and liver failure, conditions com-
monly ‘associated with iron overload [5, 13]. Daily or
continuous iron chelation therapy was seen to effectively
reduce iron burden and improve organ function [12].

Once-daily oral therapy with deferasirox (Exjade®,
ICL670) has the potential to overcome the limitations of
DFO treatment, providing convenient therapy and 24-h
chelation coverage [14]. Registration studies conducted on
non-Japanese adult and pediatric patients have demon-
strated a similar efficacy to DFO at comparable doses, and
dose-dependent efficacy in reducing body iron burden
across a wide range of transfusion-dependent anemias [15-
18]. Deferasirox has since been approved in more than 85
countries worldwide. Here, we present the findings of a
Phase I clinical trial on Japanese patients with transfusion-
dependent anemias treated with deferasirox in an initial
pharmacokinetic. (PK)/pharmacodynamic (PD) study, and
interim analyses of data from the subsequent extension
phase. The PK/PD paraméters were compared with those
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previously reported in a cohort of iron-overloaded Cauca-
sian patients with f-thalassemia [19].

2 -Methods
2.1 Study objectives

The primary objective was to evaluate the tolerability and
safety of deferasirox in Japanese patients with transfusional
iron overload. Secondary objectives were to evaluate the
PK and PD:of deferasirox, including iron excretion.:A
comparison of the PK/PD data with those of a previously
published Phase I trial (study 0104) conducted on non-
Japanese f-thalassemia patients was also performed [19].

2.2 Patients

Eligible patients were >20 years of age, with transfusion-
dependent MDS, AA or other anemias (pure red- cell
aplasia: PRCA, myelofibrosis: ME), having received a
lifetime history of =35 U of packed red blood cells
(RBCs). In Japan; 1 U of RBCs contains 200 mL of whole
blood, and provides approximately 100 mg of iron. Serum
ferritin values >1,000 pg/L- as confirmed by at least two
evaluations, during the 4 weeks prior to enrollment and an
ECOG perforimance value of (-2 were required. As a
result, the patient with chronic inflammation, for example
adult Still disease or hemophagocytic syndrome, did not
enroll in this study. Patients receiving DFO therapy during
the 4 weeks prior to the start of deferasirox treatment were
excluded. Other parameters that excluded patients from the
study at screening  included alanine aminotransferase
(ALT) levels >250 U/L,; serum creatinine levels above the
upper limit of normal (ULN), a urinary protein/creatinine
aplastic anemia ratio >0.5 mg/mg, serological evidence of
chronic hepatitis B virus infection, clinical evidence of
active hepatitis C virus infection, uncontrolled gastroin-
testinal problems (diarrhea, constipation, or bleeding), and
cataract or a previous history of clinically relevant ocular
dysfunction related to iron chelation. All patients provided
written informed consent.

The study by Nisbet-Brown et al. [19] (Study 0104),
which was used for comparison, enrolled Caucasian
patients (male and female, aged >16 years) with f-thal-
assemia and transfusional iron overload.

2.3 Study design and dosing

This Phase I, collaborative, openlabel, non-blind, dose:
escalation study was conducted in nine centers in Japan. The
study was conducted in three phases, a single-dose phase
(1-day treatment in each dose cohort),  a multiple-dose
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Deferasirox 5, 10, 20, or 30* mg/kg ' Extension

Single dose

Muitiple doses

Day1 2345678910 111213 14

e—

. 1year

PK/PD
Serum ferrltin

Fig.1 Study design indicating dosing and PK/PD assessments.
Asterisk denotes cohort commenced treatment on 20 mg/(kg day) in
the extension

phase ‘(7-day treatment 'in ‘each dose cohort), and- an
extension phase  (I1-year data reported; Fig. 1). Single
dosing was:‘initiated with a cohort treated: at 5 mg/kg.
Efficacy and - Safety - Committee . review  subsequently
approved enrollment of the next dosing cohort (10, 20, and
30 mg/kg) and progression to the multiple-dose phase
where patients received daily doses of deferasirox 30 min
before breakfast. Deferasirox dosing was based on previous
studies in Caucasian populations [19, 20]. Patients were
hospitalized during the single- and multiple-dose periods
and given a standard low iron diet from day 1 to day 14. In
study 0104, deferasirox was administered at 10, 20, and
40 mg/kg once daily for 12 days [19].

Following completion of the single- and multiple-dose
phases of the study, treatment could continue into the
extension phase for approximately 3 yearts at the patient’s
request in the ethical point of view for patient. Following
Efficacy and Safety Committee review, a recommendation
to - adjust  deferasirox dose in relation to transfusion
requirement was made. As a result, patients receiving
deferasirox 5, 10 or 20 mg/(kg day) continued into the
extension phase at the same doses, but those who had
originally received 30 mg/(kg day) began the extension
phase on 20 mg/(kg day) to avoid potential over chelation.
Dose adjustment was subsequently allowed to 30 mg/
(kg day) in the extension phase following a trend of
increasing serum ferritin levels or increased frequency of
blood transfusion. Dose was decreased down to 5 mg/
(kg day) in cases of increasing serum creatinine levels,
adverse events (AEs) or decreases in serum ferritin level.
Dose reduction or interriuptions were implemented for skin
rash, increase in serum creatinine, and increase in urinary
protein/creatinine ratio. If serum ferritin fell to <500 pg/L
on two consecutive study visits, treatment was interrupted
until serum ferritin was >1,000 pg/L.

2.4 Safety assessments

“Safety evaluations were based onreports of AEs and serious
AEs, plus assessment of hematology, blood chemistry,
urinalysis; vital signs, physical examinations, electrocar-
diograms, and ocular and audiometry examinations.

2.5 Pharmacokinetic/pharmacodynamic evaluation

Pharmacokinetic/pharmacodynamic . assessments  were
made’ during the single- and multiple-dose phases. Phar-
macokinetic calculations were based onfree: deferasirox
and - the iron-complex of deferasirox (Fe-[ICL670],) by
means of a: non-compartmental analysis to determine f;;,,x,
Cinaxs AUCq:94, and ty;5. Total iron excretion was calcu-
lated "as the sum of the urinary and: fecal iron excretion.
Iron excretion induced by deferasirox was calculated as the
difference between an average daily iron excretion during
the treatment period (days-11;:12, 13, and 14) and an
average ‘daily iron ‘excretion during the cessation:period
(days 5, 6, and 7) as the baseline value.

2.6 Markers of iron stores

During the extension phase, safety, serum ferritin, and blood
biochemical tests [including albumin, alkaline phosphatase,
total bilirubin; blood urea nitrogen (BUN), cholesterol,
creatinine, y-GTP, glucose; LDH, total protein, ALT, AST,
triglycerides, uric: acid, CRP, sodium, potassium, chloride,
calcium; inorganic phosphorus; and magnesium] were
evaluated monthly. Exploratory ‘examination of changes
from baseline in serum ferritin levels was conducted.

3 Results
3.1 Patient demographics

Twenty-six patients with MDS, AA or other anemias were
enrolled in the single- and multiple-dose phases, all of
whom completed the core phase of the study (Table I).
Twenty-one patients continued to the extension phase.
Study 0104, which was used to compare the PK/PD results
from the current study, enrolled nine male and nine female
Caucasian patients with S-thalassemia with a median age
of 26.4 years (range 18-39) [19], lower than the median
age of 69.5 years (range 26-93) of the Japanese patients in
the current study.

3.2 Dosing and exposure to deferasirox

All 26 patients completed the single- and multiple-dose
phases. Of these 21 patients who wished to continue def-
erasirox treatment as extension phase, 14 (66.7%) remain
on study treatment for 1 year and are continuing in the
study. Those who withdrew did so primarily due to AEs or
improvements in serum ferritin value that meant chelation
therapy was no longer required (Table 2).

Adjustments to the starting dose were made due to
insufficient efficacy of the initial dose as assessed by serum
ferritin (increase in dose) and AEs (decrease in dose;
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Table 1 Patient characteristics

Deferasirox dose [mg/(kg day)]
Core phase S5(n=6) Wn="7 20 (n=16) n=T Total (n = 26)
Median age, years (range) 71.5 (28-78) 68.0 (34-93) 66.0 (26-74) 75.0 (46-87) 69.5 (26-93)
Male:female 15 34 1:5 3:4 8:18
Underlying anemia, n (%)

MDS 3 (50) 5(71.4) 4 (66.7) 4 (57.1) 16 (61.5)

AA 3(50) 1 (14.3) 1(16.7) 1(14.3) 6 (23.1)

Other anemias® 0 1(14.3) 1¢16.7) 2 (28.6) 4(154)
Extension phase 5(n=75) 10 (n= 5) 20 (n=11) Total (n = 21)
Median age, years (range) 70.0 68.0 68.0 68.0

(28-77) (34-78) (26-76) (26-78)
Male:female 1:4 2:3 3:8 6:15
Underlying anemia, n (%)

MDS 2 (40.0) 3 (60.0) 7 (63.6) 12 (57.1)

AA 3(60.0) 1.(20.0) 2 (18.2) 6 (28.6)

Other anemias® 0 1(20.0) 2 (18.2) 3(43)

Blood intake during the extension phase, median units/month® (range) 4.4 (0-9.6) 4.3 (0-6.1) 39 (3.0-13.2) 44 (0-15.7)

MDS, myelodysplastic syndromes; AA, aplastic anemia

2 Other anemias: pure red cell aplasia (n = 3), myelofibrosis (n = 1)
b Other anemias: pure red cell aplasia (n = 2), myelofibrosis (n =1)
1 unit = 200 mL

Table 2). As a result of the criteria of dose reduction and
interruption shown in Sect. 2.3, dosing was reduced and
interrupted in five (23.8%) and eight (38.1%) patients,
respectively, -because of adverse events: (AEs). Seven
patients (33.3%) stopped treatment during the extension
phase: four (19.0%) because of AEs; two (9.5%) because of
improvements in their serum ferritin values; and one (4.8%)
because of insufficient nufrition due to family circumstances.
In study 0104, five, six, and seven patients were dosed with
deferasirox 10, 20, and 40 mg/(kg day), respectively [19}.

3.3 Safety and tolerability

Deferasirox was generally well tolerated; and reported AEs
were  infrequent and mild in severity. No deaths were
reported during the study. In the single- and multiple-dose
phase, the most common AEs with a reported relationship
to deferasirox were diarrhea [7.7%; n = 2 each after single
and multiple doses of 30 mg/(kg day)], nausea [7.7%;
n = 1 each after multiple doses at 10 and 30 mg/(kg day)],
and non-progressive increases in serum creatinine [7.7%;

Table 2. Duration of treatment,
dose adjustments, and
discontinuations during the

Deferasirox dose [mg/(kg day)]
5n=5) 10 (n =5)

20 (n = 11) Total (n =21)

extension phase
Median treatment duration,
days (range)
Dose adjustments
Increase, n (%)
Decrease due to AEs, n (%)
Interruption due to-AEs, n (%)

Interruption due to symptom
improvement, n (%)

Discontinuations
Symptom improvement, n (%)
AEs, n (%)

AEs, adverse events Family circumstances®, n (%)

2 Insufficient nutrition

361 (231-365) . 365 (197-365). = 365 (711-374). - 365 (11-374)

3 (60.0) 3 (60.0) 1.1 7.(33.3)
0 0 5@5.5) 523.8)
2 (40.0) 2 (40.0) 4.364) 8 (38.1)
1(20.0) 0 2(18.2) 3.(14.3)
1 (20.0) 1:(20.0) 0 2.(9.5)

1.(20.0) 1 20.0) 2(18.2) 4.(19.0)
1 (20.0) 0 0 1@438)
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n =1 each after multiple doses at 5 and 30 mg/(kg day)].
One of the 26 patients (3.8%) had two serious AEs, pyrexia
and duodenal ulcer, during the multiple-dose phase after
doses of 30'mg/(kg day). A relationship with study drug
could not be excluded as a cause of this event, although the
patient had experienced occasional upper GI symptoms
before starting the study.

During the extension phase, the most common AEs with a
reported relationship to deferasirox were non-progressive
increases in serum creatinine (>33% from baseline value or
>ULN:at two consecutive visits), increased’ urine. f2-
microglobulin, and increased blood alkaline phosphatase
(Table 3). Increases in serum. creatinine. were seen most
frequently in the 20 mg/kg dose group, 48 weeks after the
start of treatment. In patients with increased serum creatinine,
a dose reduction or interruption was required most frequently
in- patients in: the higher (20 mg/kg) dose. group whose
amount of blood transfusion was low [<7 mL/(kg month)].

One of the 21 patients receiving deferasirox: 20 mg/
(kg day) had a transient increase in liver transaminase
levels. Deferasirox treatment was interrupted for 1 week,
which led to a reduction in transaminase levels. Deferasi-
rox was: restarted at 20 mg/(kg day), and no. subsequent
increase in transaminases was observed; treatment contin-
ued at the same dose.

There were two serious AEs with a suspected relation-
ship to deferasirox administration, both in patients treated
at 20 mg/(kg day): one of the 21 patients suffered pha-
ryngeal ulceration and another had interstitial nephritis.
Deferasirox therapy was stopped in both cases. The patient
with pharyngeal ulceration had a pharyngeal tumorectomy
and recovered 7 months after removal from the study,
while in the case of interstitial nephritis, the patient’s
serum creatinine and BUN improved but she was removed
from the study 10 weeks after the start of the treatment
because her serum creatinine did not return to: the initial
value. Two other dose discontinuations. were due to
dementia and progressive multifocal leukoencephalopathy,
and these were unrelated to study drug.

3.4 Pharmacokinetic and pharmacodynamic evaluation
3.4.1 Pharmacokinetic evaluation

After single and multiple doses (at steady state), dose-
proportional Cj,,, and AUC were observed (Table 4;
Fig. 2). At steady-state, Cp.x and AUC were approxi-
mately . 1-2-fold higher than - following. single-dose
administration. The PK parameters. (Ciax and AUC) of
deferasirox  measured  in - these  Japanese: patients  were

Table 3 Treatment-related adverse events occurring in >2 patients in the extension phase

Initial deferasirox dose [mg/(kg day)}

5(=25) 10(n=3) 20.(n=11) Total (n=21)
Total adverse: drug reactions, n 0 1.(20.0) 10.(90.9) 11.(52.4)
Increased serum creatinine®; n (%) 0 0 6 (54.5) 6(28.6)
Increased urine fi2-microglobulin, 7 (%) 0 0 4 (364) 4(19.0)
Increased serum alkaline phosphatase, n (%) 0 0 3(27.3) 3.(143)
¢ Non-progressive increase >33% from baseline value or >ULN at two consecutive visits
Table 4 Pharmacokinetic parameters of deferasirox after the single- and multiple-dose phases
Dose (mg/kg) tmax (B) Crnax (Umol/L) AUC_24 (umol h/L) tiz (b)
Day 1 (single dose)
5(=06) 2.0.(0.9-3.0) 2044+ 6.1 190 £ 91 85+34
10@E=T 3.0 (1.0-4.0) 53.3 4+ 187 535 4137 171 +4.7
20 (n=16) 4.0 (1.0-10.0) 112 329 1,270 & 366 205+ 49
WE="7 3.0(2.04.0 119 +40 1,450 + 423 189 +£9.8°
Day 14 (multiple dose)
5(m=06) 15 (1.04.0) 274 +10.7 345 + 236 17572
10 =T 3.0 (1.1-10.0) 67.3 222 848 + 442 205+75
20 (n'=6) 3.4(1.042) 119+ 14 1,510+ 193 214+72
W0n="7 3.9 (1.0-10.0) 224 +:100 3,620 4+ 2,760 195+ 49
Mean + SD except for £, [median: (min-max)]
TH=6
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Fig. 2 Plasma concentration—

time profiles of deferasirox after 300 4
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similar to those measured in Caucasian patients in study
0104 (Fig. 3) [19L.

3.4.2 Pharmacodynamic evaluation
One patient in the 5 mg/kg dosing group experienced fecal
occult blood and was excluded from the PD data analysis.

Dose-dependent iron excretion and a linear relationship
between PK (AUC) and PD (iron excretion) were observed

€) Springer

(Table 5), with iron excretion being similar to that mea-
sured in the Caucasian patients in study 0104 (range 0.12—
0.45 mg iron/(kg day); Figs. 4, 5).

3.5 Changes in serum ferritin levels
Changes in levels of serum ferritin were assessed as a

marker of iron stores. At the start of the extension phase,
median serum ferritin levels were 4,500 pg/L. (range
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Table § Iron excretion

Mean iron excretion rate + SD [mg/(kg day)]

Dose (mg/kg) Fecal iron excretion

Urinary iron excretion Total iron excretion

5(n==6) 0.07 4+ 0.10 0.01 + 0.00 0.07 £ 0.10
10n="7 0.12.+ 0.12 0.01 £ 0.00 0.13 £0.12
20 (n = 6) 033+ 0.12 0.02 4 0.00 0.34 £ 0.12
0n="7 0.58 £ 0.39 0.02 £ 0.01 0.61 £0.39

Japanese e 2000 1

= 161 Caucaslan o

g 141 . oy

% N B 1000

£ 121 = BL 4 8 712.16 20 24 28 32°36°40 44 48 52 Week

= 0.8 . g

2 06 . 2 1000 1
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Fig. 4 Dose-related iron excretion in Japanese (data from current
study) and Caucasian patients.[19] (data from' study 104)
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Fig. 5 Relationship between PK and PD in Japanese (data from
current study) and Caucasian patients [19] (data from study. 104)

1,400-17,000). After 1 year, all patients in the 20 mg/
(kg day) group had a decrease in their serum ferritin levels,
indicating a negative iron balance, as did four of five
patients in the 10 - mg/(kg day) group and two of five
patients in the S mg/(kg day) group. However, these results
include dose increases according to the dose adjustment
protocol: in the 5 mg/(kg day) group, two patients were
increased to 10 mg/(kg day) and one patient was increased

Fig. 6 Changes in serum ferritin following administration of defer-
asirox. Dose was increased according to the dose adjustment protocol:
in the 5 mg/(kg day) group, two patients were' increased to 10 mg/
(kg day) and one patient was increased to: 20 mg/(kg day); in the
10 mg/(kg day) - group, three patients were increased to 20 mg/
(kg day); and in the 20 mg/(kg day) group, one patient was increased
to 30 mg/(kg day)

Table 6 The value of serum ferritin in baseline and after 1 year of
deferasirox

Mean value of serum ferritin 4= SD (ug/L)
After 1 year (52 weeks)

Dose (mg/kg) - Baseline

Sn=35) " (n=15) 3700+£2203 (n=3) 4267 %1012
100@mr=5) (=35 T7040+5719 (n=3) 4533 +1,747
20(m=11)" (n=11y 4309 £ 1,865 (n=8) . 1,243 £ 496

All(n=21 (n=21) 4814 £3,307 (n=14) 2596+ 1,843

to 20 mg/(kg day); in the 10 mg/(kg day) group, three
patients were increased to 20 mg/(kg day); and in the
20 mg/(kg day) group, one patient was increased to 30 mg/
(kg day). The median serum ferritin level after 1 year of
deferasirox  treatment fell by 3,485 pg/L in the 20 mg/
(kg day) group: and by 1,700 pg/L in the 10 mg/(kg day)
group; the median serum ferritin level rose by 400 pg/L in
the 5 mg/(kg day) group (Fig. 6). The mean values of
serum ferritin at each dose of deferasirox in baseline and
after 1 year of deferasirox treatment is shown in Table 6.
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4 Discussion

Deferasirox is a once-daily oral iron chelator that allows
flexible dosing, adjustable to transfusional iron intake, and
therapeutic goal (decrease or maintenance of total body
iron). This study assessed the safety, PK, and PD of def-
erasirox in Japanese patients with chronic anemias and
transfusion-dependent iron overload in order to compare
with data obtained in Caucasian patients with transfusion-
dependent f-thalassemia and secondary iron overload [19].

Deferasirox was generally well tolerated with a man-
ageable safety profile after daily dosing for up fo 1 year.
The incidence and severity of AEs related to study treat-
ment appeared to be dose dependent, although low patient
numbers in each group limit a conclusion. The AE profile
in Japanese patients was similar to that seen in previous
studies of Caucasian patients with MDS, with no additional
safety concerns [15]. Potential AEs in Japanese patients
could, therefore, be expected to be anticipated and man-
aged in a similar way to those in non-Japanese patients
[21]. Mild increase of serum creatinine to >33% above
baseline levels and interstitial nephritis has been observed
in' the patients. treated at 20 mg/kg. After the initial
increase, the creatinine- levels have remained stable and
transient increases in the urinary excretion of f2-micro-
globulin were observed in some patients. These findings
may relate to pre-existing proximal renal tubular damage,
which has been attributed: to- the toxic effects: of iron
deposits 'in ‘the kidneys. Investigations are ongoing -to
explore the effects of deferasirox on the kidney. Mean-
whilé, serum creatinine should be monitored monthly in all
patients.

Exposure to deferasirox. was dose dependent with a
linear PK/PD relationship; resulting in dose-dependent iron
excretion. The PK/PD parameters in the Japanese patients
were similar to those seen in. the Nisbet-Brown et al
Caucasian ' f-thalassemia cohort (Study 0104), suggested
that - deferasirox . has a stable and predictable PK/PD,
regardless of underlying disease or race. Although efficacy
was not evaluated in this study, assessment of serum fer-
ritin levels as an indicator of iron stores indicates that the
high iron load of this patient population was reduced after
1 year’s deferasirox therapy, and a negative iron balance
was achieved in the 20 mg/(kg day) dose group. In a pre-
vious study of deferasirox in non-Japanese'patients with
MDS, and a similar mean iron intake level to the Japanese
patients in the current study, doses of 20 and 30 mg/
(kg day) were also shown to maintain or reduce iron levels.

In conclusion, this study demonstrates that the PK/PD
profile of deferasirox in iron-overloaded Japanese patients
with transfusion-dependent anemias is consistent with that
previously reported in Caucasian patients [19]; with safety
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and tolerability profiles similar to previous deferasirox
studies [21].
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