GPI-AP-deficient T cells in patients with bone marrow failure
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Figure 1 GPI-AP™ cells in different lineages of cells. Scattergrams from four patients displaying GPI-AP~ T cells are shown. (A) A patient with
GPI-AP~ cells in all six lineages of cells. (B) A patient with GPI-AP~ cells in the granulocytes, erythrocytes, monocytes, T cells, and NK cells. (C) A
patient with GPI-AP~ cells in the granulocytes, erythrocytes, monocytes, T cells, and B cells. (D) A patient (patient 3) with GPI-AP~ cells in T cells

alone. GPI-AP, glycosylphosphatidylinositol-anchored protein.

PIGA gene analyses of GPI-AP™ T cells

GPI-AP™ T cells were sorted from cultured T cells from
four patients (two group 1 and two group 2 patients)
and were subjected to PIGA gene analyses. Missense
mutations in exon 2 leading to a frameshift or an amino
acid change were detected. These included a 16-bp dele-
tion starting from the position of 1107 bp (frameshift),
adenine insertion at the position of 1239 bp (frameshift)
in group 2, the replacement of adenine (A) with guanine
at 1108 bp (Arg — Gly) and 2002 bp (Gln — Arg) in a
group 1 patient and the replacement of cytosine (C) with
thymine (T) at 1044 bp (frameshift) and TCA insertion
at 1103 bp (frameshift) in another group 1 patient.

Differences in the sensitivity to inhibitory molecules
between GPI-AP* and GPI-AP™ T cells

The presence of PNH-T ™ patients with BMF suggests that
the lack of GPI-APs may confer a growth advantage to
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GPI-AP™ T-cell precursors or memory T cells over the
GPI-AP™ counterparts. To test this hypothesis, T cells
from three patients with BMF PNH displaying 1% and
41.2% GPI-AP™ T cells were stimulated with anti-CD3
and anti-CD28 mAbs and the effects of HVEM, a ligand
of a GPI-AP CD160 which inhibits T-cell proliferation
upon ligation to HVEM (27), on the proliferation of GPI-
AP~ and GPI-AP™ T cells were investigated using the
CFSE assay. Figure 4 shows the results from one of the
three patients which produced similar results. CD160
expression was induced on GPI-AP™ T cells by anti-CD3
and anti-CD28 mAbs in a dose-dependent fashion, while
the antigen was not induced on GPI-AP™ T cells (Fig. 4A).
Both the GPI-AP™ and GPI-AP™ T cells proliferated in
response to anti-CD3 and anti-CD28 mAbs (Fig. 4B,C),
though GPI-AP™ T cells tended to show greater prolifera-
tion than GPI-AP™ T cells in keeping with previous
reports (29, 30). The addition of HVEM-IgG inhibited the
decline in the CFSE level of GPI-AP™ T cells more

© 2011 John Wiley & Sons A/S
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Figure 2 Changes in the percentage of GPI-AP™ cells over time. (A) Scattergrams of samples obtained at 4 month internals from two PNH-T*
patients are shown. (B) PB samples were obtained from the PNH-T* patients at 2-month intervals and the percentages of GPI-AP™ T cells were
serially determined. PNH, paroxysmal nocturnal hemoglobinuria; PB, peripheral blood; GPI-AP, glycosylphosphatidylinositol-anchored protein.

Table 2 Hematologic parameters of patients with GPI-AP™ T cells alone

Duration Age at WBC Neutrophil Lymphocyte RBC Reticulocyte Platelet PNH-type
Patient of iliness diagnosis count count count count count Hemoglobin count T cell
no. Diagnosis (months) (yr) Gender (x10%/L) (x10%/L)  (x10%/L) (x10"%/L) (x10%/L) (grdL) (x10°/L) percentage
1 MAA 1 80 M 24 0.8 1.4 2.73 45 9.7 6.8 0.01
2 SAA 1 64 F 1.7 0.2 1.1 3.57 6.6 10.6 200 0.02
3 SAA 120 22 F 1.2 0.3 0.9 2.62 1.3 8.2 4 0.3
4 MAA 74 35 M 6.1 2. 1.8 2.78 33 10.1 52 0.02
5 MAA 84 12 M 3.2 1 2 4.05 3.4 12.7 49 0.03
6 MDS-RA 4 59 M 5.7 2.8 2.7 2.06 5.6 10 53 0.02
7 SAA 12 61 F 1.2 0.4 0.6 252 08 7.6 12 0.01
8 MAA 108 83 F 2 1 0.8 3.51 3.2 9.8 64 0.03
9 MAA 49 26 F 26 0.9 1.2 2.22 4 7.3 0.8 0.1
10 MAA 120 59 M 2.1 0.8 1.2 1.56 2 5.9 0.9 0.03
1" MAA 1 76 M 2.7 1.1 1.6 4.03 4 12.4 8.2 0.3
12 MDS-RA 147 63 M 3.2 1.2 1.9 2.13 38 7.3 3 0.01

PNH, paroxysmal nocturnal hemoglobinuria; MDS-RA, myelodysplastic syndrome-refractory anemia; GPI-AP, glycosylphosphatidylinositol-anchored

protein.

potently (27, 31, 32) than that of GPI-AP™ T cells
(Fig. 4B, 19.4 + 8.1vs. 0.7 £ 0.5at 10 ug/mL, P = 0.03
and 57.5 + 12.7 vs. 44 = 4.9 at 50 ug/mL, P = 0.004).
The GPI-AP™ T-cell proliferation was not affected, even
by a high concentration (50 ug/mL) of HVEM, which
clearly inhibited GPI-AP* T-cell proliferation. Similarly,
the addition of TGF-f tended to show a greater inhibition
of the decline in the CFSE level of GPI-AP™ T cells than
that of GPI-AP™ T cells (Fig. 4C, 174 £+ 10.5 vs.
1.1 £ 0.5 at 5ng/mL, P = 0.06 and 33.2 + 16.2 vs.

© 2011 John Wiley & Sons A/S

2.1 £ 1.8 at 100 ng/mL, P = 0.05). These findings sug-
gest that GPI-AP~ CD3™" T-cell precursors or memory
T cells may preferentially proliferate in vivo in the presence
of some ligands that transmit inhibitory signals for cell
proliferation by their ligation to GPI-AP receptors.

Discussion

The present multi-lineage analysis of blood cells with
high-sensitivity flow cytometry revealed CD48"CD59™ T
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Figure 3 Phenotypic patterns of GPI-AP™ T cells in different patient groups. The percentages of four different T-cell subsets defined by the
expression of CD45RA, CCR7 and CD62L in CD4* and CD8* GPI-AP~ T cells are shown. (A) Alemtuzumab-treated patients (n = 3); (B) bone mar-
row failure patients showing GPI-AP~ cells in all lineages of blood cells (n = 12); (C) PNH-T* patients (n = 9). CM, central memory cells; EM,
effector memory cells; TEM, terminal effector memory cells; PNH, paroxysmal nocturnal hemoglobinuria; GPI-AP, glycosylphosphatidylinositol-

anchored protein.

cells in 12.8% of patients with various type of BMF.
Although the percentage of GPI-AP™ T cells in these
patients was very low, such an increase in GPI-AP~
T cells was undetectable in 57 healthy individuals and
they persisted more than 2 months. The presence of
GPI-AP™ T cells was originally interpreted to indicate
the ability of PIGA mutant HSC in the BMF patients
to differentiate into multi-lineage blood cells (18-21).
However, the GPI-AP™ cells were undetectable in any
other lineages of cells other than T cells in PNH-T*
patients whose clinical features were similar to those of
other BMF patients with GPI-AP™ myeloid cells. The
presence of such PNH-T™ patients within the popula-
tion of patients with immune-mediated BMF cannot be
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explained by the escape of GPI-AP™ cells from T-cell
attack against T-cell precursors, because T-cell precur-
sors are not the specific target of the immune attack in
patients with BMF.

The presence of PNH-T ™ patients can be explained by
several mechanisms. One possibility is that the
CD487CD59™ T cells are remnants of GPI-AP™ cells that
used to be present in other lineages of cells. A previous
study showed GPI-AP™ T cells to persist in patients who
underwent remission of PNH probably due to their
longevity (33). The patients with long-standing disease
like patients 3, 10, and 12 may have possessed small pop-
ulations of GPI-AP™ cells in the myeloid cells after
the disease onset and lost all but the T cells with time.

© 2011 John Wiley & Sons A/S



Katagiri et al.

GPI-AP-deficient T cells in patients with bone marrow failure

A - ’ .
a-CD28 (pg/mlL) 0 0.5 0.5
a-CD3(pg/mlL) 0 0.1 0.5
GPI-AP- i ) ] 3
é 15%
GPl-ap- & 1 § ]
S
CD160 >
Pl-AP- | -AP*T
B GPI-AP Tcells  GPI-AP' T cells c SEEARTREE T
we wd T 100" %
B ] F it JG rowmsen @ [ S
Without stimulation ‘ - without stimulation % W
0 i 48 ]
04 36 - 0 N
LI — ) L] S— ] g
L L. wed L. WY e L B
CE ’ 5 8 Fo ok T
Without HVEM ] o 50 &
t TGF-
"l o without TGF- i . “
o » 104 T
R - AR e s °
RN '’ 16% 1o’ 16 wha' 10 10" 1 i 167 14”1
wef L L I WY s WY en
8 CE L L ¢ B b
With 10 pg/ml HVEM @ 0 - With S ng/ml TGE- I #4
49 L &% e
ki Lok 36 4 2
9 T iy ey o ) e )
whhe' 100 16 18 se?iet w® e e afss go¥ ia? ug s 1 187 18
WOt bt I at 1Y e
0 4 4 B h - "T L2 s
With S0 pg/mi HVEM 0 1 © With 100 ng/mlL TGF- §§ 04 w0
04 e a8 - a
x- . 3
9 ® oy Fa s b
I 8" 107 16" 10 Wi’ 16" 1e” 1 w1’ 18° 18 18

Figure 4 The effects of HVEM and TGF-f on the proliferation of GPI-AP* and GPI-AP™ T cells induced by anti-CD3 and anti-CD28 mAb stimula-
tion. PB CD3* T cells from three bone marrow failure patients were cultured in the presence of anti-CD3 and anti-CD28 mAbs for 10 d with or
without HVEM and TGF-B. (A) CD160 expression by GPI-AP* T cells induced by anti-CD3 and anti-CD28 mAb stimulation compared with GPI-AP~
T cells. The numbers show the percentage of CD160* cells. T-cell proliferation in the presence of different concentrations of HVEM (B) or TGF-§
(C) was assessed using the carboxyfluorescein diacetate succinimidyl diester assay. The figures show representative results from one patient.
The numbers denote the percentage of cells which underwent cell division. PB, peripheral blood; HVEM, herpesvirus entry mediator; GPI-AP, gly-

cosylphosphatidylinositol-anchored protein.

However, this mechanism cannot account for PNH-T™
patients in which the disease persisted for <1 yr.
Another possibility is that mechanisms other than
immune-mediated attack against HSCs confer prolifera-
tive advantage to GPI-AP™ T-cell precursors or memory

T cells. The treatment of patients with lymphoid malig-
nancies or allogeneic stem cell transplant recipients with
anti-CD52 mAb allows proliferation of GPI-AP™ T cells
that existed in the patients or BM donors before treat-
ment (34, 35). Indeed, donor-derived CD48 CD59~

© 2011 John Wiley & Sons A/S 106 233
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T cells were detectable in all three stem cell transplant
recipients who received a conditioning regimen contain-
ing alemtuzumab in the present study. Previous studies
showed auto-Abs specific to DRS-1 and moesin are fre-
quently detected in PNH™ patients (36, 37). It is thus
possible that GPI-AP™ T cells may be induced to prolif-
erate by some auto-Abs specific to GPI-APs on T cells in
PNH-T™ patients. However, GPI-AP™ T cells in ale-
mtuzumab-treated patients showed a distinct phenotype
pattern characterized by the expression of CD45RA,
CCR7, and CD62L from that detectable in PNH-T™
patients. There was no apparent T lymphocytopenia in
PNH-T" patients which should occur in patients pos-
sessing auto-Abs specific to T cell antigens. It is therefore
unlikely that CD48 CD59™ T cells were induced to pro-
liferate by auto-Abs specific to GPI-APs.

The most likely explanation for the presence of
PNH-T" patients is that humoral factors negatively
regulating the proliferation of both HSCs and T-cell
precursors via their interaction with GPI-APs are
involved in the development of BMF in PNH-T"
patients. Cytokine-mediated selection of PIGA mutant
HSCs has been proposed as a mechanism for preferen-
tial proliferation of GPI-AP™ cells (38), but no evidence
supporting this mechanism has been shown. The present
study demonstrated that GPI-AP~ T cells show a
decreased sensitivity to HVEM that transmit inhibitory
signals through a GPI-AP receptor CD160 (27), as well
as to TGF-f, a well-known inhibitor of haematopoiesis
(39). Recent studies have demonstrated the presence of
GPI-AP-type co-receptors for TGF-f (40). Although
the T cells used in the current study were not T-cell
precursors, memory T cells in the PB T cells may
behave like HSCs in terms of their dormancy and acti-
vation in response to appropriate stimulation. HSCs
may be rendered to express some GPI-APs capable of
transmitting inhibitory signals upon activation as mem-
ory T cells express CD160 and as a result, both HSCs
and T-cell precursors or memory T cells may become
invulnerable to some inhibitory cytokines, such as
TGF-f, because of the lack of GPI-AP type-receptors.
Further analyses of T cells may therefore be useful for
identifying GPI-AP type TGF-f receptors which permit
the preferential proliferation of HSCs with PIGA muta-
tion in patients with BMF.
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Abstract Cardiac dysfunction due to transfusional iron
overload is one of the most critical complications for
patients with transfusion-dependent hematological disor-
ders. Clinical parameters such as total red blood cell (RBC)
transfusion units and serum ferritin level are usually con-
sidered as indicators for initiation of iron chelation therapy.
We used MRI-T2*, MRI-R2* values, and left ventricular
ejection fraction in 19 adult patients with blood transfu-
sion-dependent hematological disorders without consecu-
tive oral iron chelation therapy, and propose possible
formulae of cardiac function using known parameters, such
as total RBC transfusion units and serum ferritin levels. We
found a positive correlation in all patients between both
R2* values (reciprocal values of T2*) and serum ferritin
levels (r = 0.81) and also total RBC transfusion volume
(r = 0.90), but not when we analyzed subgroups of
patients whose T2* values were over 30 ms (0.52). From
the formulae of the R2*#, we concluded that approximately
50 Japanese units or 2,900 pmol/L ferritin might be the
cutoff value indicating possible future cardiac dysfunction.
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1 Introduction

Cardiac failure due to excess of myocardial iron accumu-
lation is known to be a fatal complication of red blood cell
(RBC) transfusion-dependent patients [1], although it is
also reflected by chronic anemia itself. The recent devel-
opment of oral iron chelation therapy is expected to
improve their prognosis and has been reported to improve
iron-induced organ dysfunction and to lower serum ferritin
levels [2]. On the other hand, once cardiac failure pro-
gresses, the survival is usually poor due to rapid deterio-
ration of cardiomyopathy despite intensive chelation [3].
Therefore, appropriate initiation of iron chelation therapy
could improve the survival of patients with transfusion-
dependent bone marrow failure (BMF) syndromes. Some
corroboration may be expected to use these parameters
from the viewpoint of cardiac iron overload.

Myocardial biopsy is sometimes difficult for patients
with BMF syndromes, and is also difficult to evaluate
myocardial iron concentration (MIC) adequately, because
of nonhomogeneous myocardial deposition and small
specimens [4]. That is why a simpler and easier way to
quantify MIC is needed. Magnetic resonance imaging
(MRI) can provide noninvasive assessment, yet has some
disadvantages including increased cost of the examination
and the relatively limited availability of systems. The T2*
value and its reciprocal relaxation rate R2* value with
cardiac MRI is known to correlate to tissue iron concen-
tration [5, 6]. T2* values less than 20 ms are commonly
used as the cutoff to evaluate severe cardiac iron overload
[7]. While cardiac iron overload shortens T2* values
having a negative non-linear regression to iron tissue
concentration, the R2* values (reciprocals of T2*) are
linearly proportional to iron overload [7]. Using R2* values
would make it easier to evaluate the relationship between
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iron deposit and cardiac function. We tried to measure T2*
and R2* values with MRI in transfusion-dependent patients
in our institution and discussed the clinical implications of
some parameters based on retrospective data.

2 Materials and methods

We selected 19 transfusion-dependent patients (12 men and
7 women) without consecutive oral chelation therapy, who
underwent cardiac MRI examination between 2004 and
2010 (Table 1). In this study, we recruited 7 patients who
were also included in a previous study [8, 9] using this
different technique to analyze them. Patients treated with
anticancer drugs were excluded, since they can cause organ
dysfunction. The 19 cases consisted of 7 patients with
myelodysplastic syndromes (MDS) (4 with refractory
anemia, 1 with refractory cytopenia with multi-lineage
dysplasia, 2 with refractory anemia with excess blasts 1), 7
with aplastic anemia (AA) (6 with idiopathic AA, 1 with
AA-paroxysmal nocturnal hemoglobinuria syndromes), 1
with pure red cell aplasia, 4 with myelofibrosis (2 with
primary myelofibrosis and 2 with secondary myelofibrosis).
Their ages ranged from 35 to 88 (median 67 years). None
of the patients in this study had previously received con-
secutive oral iron chelation therapy, while 10 of them had
received intermittent intravenous deferoxamine (9 of them)
or transient use of deferasirox (1 of them).

We used a Magnetom Avanto 1.5 T scanner (Siemens
AG, Frlangen, Germany) using a gradient echo (GRE) T2*
MRI technique. GRE T2* weighted image (WI) was used
to obtain a single mid-ventricular short-axis slice of the left
cardiac ventricle at seven echo times (5, 7, 10, 13, 15, 17
and 20 ms). The repeat time between each radiofrequency
pulse was 170 ms. Phased array coils, electrocardiogram
(ECG) gating, and breath holding were also utilized. The

Table 1 Characteristics of 19 patients

Underlying disease
Myelodysplastic syndromes
Aplastic anemia
Myelofibrosis

[l S EEN S |

Pure red cell aplasia

Ages (years) 35-88 (median 67)

Gender
Male 12
Female 7
Previous iron chelation therapy
None 9
Intermittent deferoxamine infusion 9
Intermittent oral chelation therapy 1

region of interest (ROI) was set at the left ventricular wall.
Measured signal intensity was fitted to an exponential
curve and we obtained the T2* value of the myocardium,
and then calculated the reciprocal R2* value. We also
investigated serum ferritin levels, brain natriuretic peptide
(BNP) and left ventricular ejection fraction (LVEF) mea-
sured by ultrasonography, which were all examined within
7 days before or after MRI examination. Total RBC
transfusion units (using Japanese units, 1 unit is the value
of that obtained from 200 mL of blood) given until the day
of MRI examination were also counted. In some patients,
liver iron overload was also tried to be measured using the
method by Gandon et al. [10]. Pairs of 2 parameters were
selected according to the purpose, and the simple correla-
tion coefficient of each pair was calculated using Excel
Statistics ver. 6 software (Esumi Co. Ltd., Tokyo, Japan).

3 Results

The median serum ferritin level in the 19 patients was
6,809 pmol/L, ranging from 1,289 to 39,428 pmol/L, while
the median total RBC transfusion volume was that obtained
from 95 Japanese units, ranging from 10 to 488 units. The
T2* value ranged from 11.55 to 94.34 ms with a median of
37.3 ms. Median LVEF was 57.8% ranging from 26.5 to
78.2%. One patient having previous history of myocardial
infarction was excluded in the analysis on LVEF to avoid
the influence of her ischemic heart disease. Twelve patients
had an LVEF of less than 60% among 18 patients.

We calculated a simple correlation coefficient to clarify
the relationship of each parameter (Table 2). It has been
reported that total RBC transfusion volume correlates with
iron accumulation in organs. In our study, a very strong
correlation was noted between R2* and total RBC trans-
fusion volume (r = 0.90, Fig. 1a). A strong correlation
was also noted between R2* and total RBC transfusion
volume (r = 0.70) when we analyzed in patients without
previous iron chelation therapy (Fig. 1a). A distinct linear
correlation was seen in all analyses (Table 2). There was
also a correlation between serum ferritin level and total

Table 2 Simple correlation coefficients between pairs of parameters

LVEF RBC Serum BNP  Age
transfusion ferritin (years)
R2* (s71) -0.71 090 081  -038 -050
LVEF (%) - —0.51 -046 049 058
RBC transfusion (vnit) - 0.79 0.03 -0.32
Serum ferritin (pmol/L) - 0.29 —-0.33
BNP (pg/mL) - 0.86

LVEF left ventricular ejection fraction, RBC transfusion total red
blood cell transfusion volume, BNP brain natriuretic peptide
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y = 0.1278x+ 15.222
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Total RBC transfusion volume (unit)

Fig. 1 Correlation between total RBC transfusion volume (Japanese
units) and R2* values (a) and T2* values (b). The approximation
formula was R2* (s~') = 0.1278 x [total RBC volume (Japanese
unit)] + 15.222. r values are also given in the figures. Patients who
received previous intermittent iron chelation therapy (empty squares)
and those who had no previous iron chelation therapy (solid squares)
were included. There was no significant difference between them.
Correlation was also analyzed in patients without previous iron
chelation therapy (small inset in a). A strong correlation was similarly
noted between R2* and total RBC transfusion volume (r = 0.70)

RBC transfusion volume, which are major parameters fre-
quently used in iron chelation therapy (r = 0.79, Table 2},
although it was relatively lower than that between R2* and
total RBC transfusion volume (r = 0.90). Serum ferritin
levels and R2* values significantly correlated in all patients
(r = 0.81, Fig. 2a). We then analyzed predictive parameters
of cardiac dysfunction. There was no direct correlation
between serum ferritin levels and LVEF (r = —0.46). No
deterioration of LVEF was found in patients with serum fer-
ritin levels below 20,000 pmol/L. We found no direct corre-
lation between total RBC transfusion volume and LVEF
(r = 0.51). To evaluate these results, we analyzed the corre-
lation between R2* value and LVEF (r = —0.71, Fig. 3a).
R2* correlates with total RBC transfusion volume or serum
ferritin levels when all patients were analyzed together
(Figs. 1a, 2a). In contrast, there was no correlation between
them in the subgroup of patients with a T2* over 30 ms, who
were examined to evaluate these values of the early stage of
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Fig. 2 Correlation between total serum ferritin levels and R2* values
(a) and T2* values (b). The approximation formula was R2*
(s~") = 0.0015 x [serum ferritin (pmol/L)] + 17.394. r values arc
also given in the figures. Patients who received previous intermittent
iron chelation therapy (empty squares) and those who had no previous
iron chelation therapy (solid squares) were included. There was no
significant difference between them

iron overload still sustaining normal cardiac function
(r = 0.52). There was no correlation between R2* and BNP, a
known indicator of cardiac failure (r = —0.38).

4 Discussion

We set out to verify whether evaluation by MRI could
corroborate the current consensus of initiating iron chela-
tion therapy for patients with transfusional iron overload.
As already known, humans lack a mechanism to excrete
excess iron, which is usually trapped by macrophages in
the reticulo-endothelial system and stored as ferritin or
hemosiderin, mainly in the liver. Serum iron generally
exists as transferrin-bound iron which is not harmful. As
the iron-binding capacity of transferrin becomes saturated
due to transfusional iron overload, free iron appears in
serum as toxic non-transferrin-bound iron (NTBI). When
overloaded iron starts to be deposited in several organs
including the heart, the cardiac T2* value begins to
decrease [11]. At that stage, the cardiac ejection fraction
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Fig. 3 Relationships between left ventricular ejection fraction (LVEF)
and R2* (a) and T2* (b) were demonstrated. The approximation formula
was LVEF (%) = —0.4786 x [R2* (s™)] + 70.443. r values are also
given in the figures. Patients who received previous intermittent iron
chelation therapy (empty squares) and those who had no previous iron
chelation therapy (solid squares) were included. There was no significant
difference between them

remains normal [5], while polysaccharides, proteins,
nucleic acids and lipids are subject to peroxidative damage,
resulting in myocardial impairment, which is manifested
clinically as cardiac failure [12].

Continuous iron chelation therapy is necessary to
excrete overloaded iron and to improve dysfunction of
liver, heart and other organs. In contrast to the liver, car-
diac dysfunction is believed irreversible once iron overload
reaches a critical level, despite intensive intravenous iron
chelation [3]. This discrepancy is partially because iron is
eradicated more slowly from the heart than the liver [5].
Effective removal of excess iron in the heart may require
early initiation of chelation therapy before cardiac dys-
function appears. Prediction of the effects of iron chelation
based on serum ferritin levels alone is still difficult [8].
According to the guidelines for iron chelation in Japan
which was based mainly on the analysis of liver iron
overload, serum ferritin levels are higher than 2,247 pmol/L
(1,000 ng/mL) in 90% of patients with liver dysfunction.
Thus, the Japanese guideline sets a serum ferritin level of
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1,000 ng/mL (2,247 pmol/L) as the initiation criterion for
iron chelation. However, Anderson et al. [5] suggested that
there is no correlation between heart and liver iron con-
centration. This indicates that evaluation of heart function
should also be studied from the viewpoint of cardiac iron
overload.

Prediction of cardiac function deterioration is a major
problem. We found no direct correlation between serum
ferritin and LVEF, thus measurement of serum ferritin
levels was not proved useful in predicting cardiac function
deterioration. There was also no direct correlation between
total RBC transfusion volume and LVEF. It was suggested
that impairment of cardiac function became marked when
the T2* value became below 20 ms (Fig. 3b). This result is
compatible with the report by Anderson et al. [5] that
decrease in LVEF appeared in the late phase of iron
overload. By contrast, there was an obvious decrease in
LVEF correlated with elevation of R2* values; therefore,
the correlation coefficient between R2* and LVEF also
indicated that measuring R2* value might be helpful to
predict cardiac siderosis.

Using the approximation formula between the R2* value
and LVEF (Fig. 3a), we calculated the possible cutoff of R2*
value measuring to determine cardiac dysfunction. If we
hypothesize 60% LVEF as the borderline of sufficient cardiac
function, an R2* value of 21.8 s~! (T2* value of 45.9 ms)
becomes the critical point according to the calculation using
the formula (Fig. 3a). We demonstrated that the correlation
value of R2* and serum ferritin was less than that of R2* and
the total volume of RBC transfusion. We, therefore, assumed
that the total RBC transfusion volume may be the current best
indicator of cardiac iron overload. When we substitute an R2*
value of 21.8 s in the formula between R2* and total RBC
transfusion volume (Fig. 1a), an RBC transfusion volume of
51.4 units (approximately 50 units) may be the cutoff value for
future cardiac dysfunction. If we substitute an R2* value of
21.8 s~ ! in the formula for R2* and serum ferritin (Fig. 2a),a
serum ferritin level of 2,937 pmol/L (approximately
1,300 ng/mL) becomes the cutoff value. The mathematical
calculation values of our results agree with the Japanese
guidelines recommending that patients receiving over 40 units
of RBC transfusion should be given iron chelating therapy
[13]. By meditation of R2* value, we can obtain simulated
LVEF when total RBC transfusion volume or serum ferritin
level is available.

Then, we carefully dissect Figs. la and 2a. We also
realize the necessity to count disease heterogeneity. The
early phase of iron overload may be overlooked when only
using serum ferritin or total RBC transfusion volume as
parameters. Jensen et al. [14] indicated that heart iron
accumulation became clear after a serum ferritin level of
1,800 ng/ml. (4,045 pmol/L) or more. The correlation
between R2* and RBC transfusion volume disappeared in
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the subgroup of patients at the early stage of iron overload.
When we focus on the slope of regression curve at the early
stage of iron overload (Figs. 1, 2), the T2* seem steeper than
the R2*. To corroborate the disadvantage in detecting the
early stage of iron accumulation by R2*, the T2* value may be
sensitive and appropriate. On the other hand, the slope of R2*
is steeper than the T2* at the late stage. Although the number
of patients in this study is too small to conclude, we propose
here that T2* value may be more useful at the early stage of
iron overload while R2* value could be used in the late stage.
Using the right parameter at the right stage may earn more
precise evaluation of iron overload. To start iron chelation
therapy at an appropriate time, based on the detailed and
precise evaluation, is essential to contribute to survival of
patients with iron overload.
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We performed an open-labeled single-arm prospective phase Il clinical trial of vitamin K (menate-
trenone: VK2) monotherapy and VK2 plus 1a-hydroxyvitamin D (alfacalcidol: VD3) combination
therapy for myelodysplastic syndromes (MDS) with refractory anemia and refractory cytopenia with
multilineage dysplasia, having either low or intermediate-1 risks of the IPSS. The overall response rate
to VK2 monotherapy (45 mg/day) after 16 weeks was 13% (5/38) including 4 cases with improvement of
both anemia and thrombocytopenia and 1 case with thrombocytopenia. We then enrolled and evaluated
20 out of 33 VK2-monotherapy non-responders for VK2 plus VD3 (0.75 pg/day) combination therapy.
The overall response rate at 16 weeks after initiation of VK2 plus VD3 was 30% (6/20). HI for hemoglobin
(Hb) was observed in 6 out of 11 patients (55%) and for thrombocytopenia in 3 out of 11 patients (27%),
respectively. No HI was observed for neutropenia in VK2 monotherapy and VK2 plus VD3 combination
therapy. It was suggested that IPSS scores and absolute neutrophil counts positively correlated, and Hb
levels inversely correlated with the response to VK2 plus VD3 combination therapy. Our study demon-
strated that VK2 plus VD3 combination therapy appears to be promising for improvement of anemia and
thrombocytopenia with low/intermediate-1 MDS.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

by IPSS score categorized as “low-risk MDS", the goal of treat-
ment is to improve ineffective hematopoiesis while providing the

Myelodysplastic syndromes (MDS) are clonal stem cell disorders
characterized by dysplastic features of hematopoietic and blood
cells, cytopenias caused by ineffective hematopoiesis, and a vari-
able risk of progression to acute myeloid leukemia (AML) due to
accumulation of genetic abnormatities [1]. The treatment options
available to patients with MDS are largely based upon the patient’s
age and prognosis as determined by the International Prognostic
Scoring Systemn (IPSS) [2). For patients in the low to intermediate-1

+ Corresponding author at: First Department of Internal Medicine, Tokyo Medical
University, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023, Japan.
Tel.: +81 3 3342 6111x5895; fax: +81 3 5381 6651.
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0145-2126/$ - see front marter © 2010 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.Jeukres.2010.04.006

115

appropriate supportive care. The US National Comprehensive Can-
cer Network MDS recommendations are that therapies for the
patients with low-risk with clinically significant cytopenias should
be stratified into several groups, for example lenalidomide for
del{5q), erythropoietin (Epo) for patients with low serum Epo [3].
DNA-hypomethylating agents as azacitidine or decitabine are also
recommended for non-responders to these treatments. However,
these therapeutic effects are not satisfactory for every patient and
other options for low-risk MDS, especially elderly MDS patients,
are still required [4].

Vitamin Ks are known to act as cofactors for y-carboxylation of
vitamin K-dependent coagulation factors. Menatetrenone, a vita-
min K, analog, is approved as an active agent for osteoporosis in
Japan[5,6]. As a coenzyme of -y-carboxylase, it promotes osteogen-
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Fig 1. Treatment strategy for VK2 monotherapy or VK2 plus VD3 combination therapy.

esis through y-carboxylation of glutamate residues in osteocalcin.
The safety of long term administration of menatetrenone has been
well established [5,6]. The efficacy of oral menatetrenone therapy
in RA and other types of MDS has been reported in Japan [7-10}.
Regarding with the effect for improvement of cytopenias in clinical
trials including pilot studies, the response varies 20-75%, and toxic-
ity is tolerable {8-10}. The underlying mechanism of improvement
of cytopenias by vitamin K; (VK2) remains to be cleared. However,
VK2 has been reported to induce apoptosis and differentiation in
some leukemic cell lines in vitro [11-13]. VK2 was also reported
to improve hematopoietic supportive functions of the stromal cell
lines established from MDS patients [14].

The active form of vitamin D3, 1a,25-dihydroxyvitamin Ds
inhibits the proliferation and induces the differentiation of nor-
mal and leukemic myeloid cells in vitro [15]. There are reports

demonstrating that vitamin Dy analogs such as alfacalcidol
{1x-hydroxyvitamin D3), calcifediol (25-hydroxyvitamin D) and
calcitriol (1c,25-dihydroxyvitamin D3) have some therapeutic
effects in patients with MDS [15-19]. Mellibovsky et al. reported
that treatment with calcifediol showed some hematological
improvements in 10 out of 14 MDS patients with low/intermediate
risk [18]. Motomura et al. reported that alfacalcidol prevents the
progression of MDS to overt leukemia under the effect of differ-
entiation capacity from blasts to monccytes [19]. However, these
therapeutic effects of VD3 analogs in MDS were controversial
[20,21]. The therapeutic serum concentrations of these VD3 analogs
based on in vitro studies were supposed to be practically difficult
to achieve because of hypercalcaemia in vivo, a well known dose-
limiting toxicity of vitamin Dy (VD3) [21]. It is noteworthy that
combination of VK2 plus either 22-oxa-1,25-dihydroxyvitamin D3

VK2 +VD3 combination therapy {n=20)

Median: 65 years, range: 27-81

Table 1
Characteristics of evaluable patients for VK2 monotherapy and VK2 plus VD3 combination therapy.

VK2 monotherapy (n=38}

Age Median: 65 years, range: 23-84

Sex Male Female
20 18

WHO classification RA RCMD
27 11

IPSS 0 0.5
13 19

Hb Average: 8.99+3.03 g/dl
<10g/fd] 10g/dl=
24 14

PLT Average: 118900 121,000/ul
<100,000/j: 100,000/l
24 14

ANC Average: 1,426:4:1,013.5/p)
<1500/pl 1500/pis
25 13

Transfusion RBC PLT

dependency 10 6

Cytogenetics Normal Abnormal
26 11

Male Female

10 10

RA RCMD

16 4
1 ] 05 1
5 7 8 5

Average: 9.47 +3.16g/d]

<10g/d] 10g/dis

1 g

Average: 133,500 £ 149.400/p]

<100,000/u) 100,000/pls

11 9

Average: 1082.5 £746.8/pl

<1500{pl 1500/pls

14 6

RBC PLT

2 3
Unknown Normal Abnormal Unknown
1 13 7 0
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Fig. 2, Hematological response to VK2 menotherapy.*Indicates the responder in VK2 monotherapy.

or 1,25-dihydroxyvitamin D3 synergistically enhances the induc-
tion of cellular differentiation in HL-60 cells along with inhibition
of VK2-induced apoptosis in vitro [22,23]. The optimal concentra-
tion of VD3 analogs for differentiation induction could be reduced
less than one tenth by combining with VK2. This may provide a
therapeutic benefit for combining VK2 plus VD3 by preventing
hypercalcemia as well as enhancement of cellular differentiation
induction.

Although the precise therapeutic mechanism still remains to be
clarified, all these data suggest that VK2 and VD3 may improve
cytopenias in MDS by either differentiation induction, eradica-
tion of MDS clone by apoptosis, or improvement of hematopoietic
microenvironment. Based on the previous clinical reports and in
vitrostudies, we conducted an open-labeled single-arm prospective
phasell clinical trial to clarify the effectiveness of VK2 monotherapy
for improving cytopenias in low-risk MDS, as a primary endpoint.
Furthermore, the study was designed to investigate the therapeu-
tic effects of VK2 plus VD3 (alfacalcidol) combination therapies for
non-responders to VK2 monotherapy as a secondary endpoint.

2, Materials and methods
2.1. Patients

The protocol was approved by all local medical ethical committees, and the
patients were required to provide written informed consent. From January 2003

Table 2

to August 2005, 46 patients were enrolled in this clinical trial from 10 insti-
tutes involved in 2 Japanese clinical study groups: the Japan Hematology-Oncology
Clinical Study Group (j-HOCS) and Japanese Research Committee for Research on
Epoch-making Therapy for Myelodysplastic Syndrome. After obtaining informed
consent, consecutive MDS patients who met all of the fallowing eligibility criteria
were registered in the study.

The eligibility criteria: {1) WHO classification {2001 ), RA or RAwith multilineage
dysplasia (RCMD) [24]; (2) PSS, low or intermediate-1 risk [2]; (3) performance
status (Zubrod criteria) of 0-2 §22]; (4) age 20 or more; {5) adequate lunctions
in the liver, kidney, lung and heart; (6) no previous treatment for MDS within 4
weeks before administration of VK2, except for transfusions. The patients could
not be taking warfarin potassium. Other criteria for exclusion were malabsorption
of fat-soluble vitamin, other active malignancy, serious infection, uncontroiled dia-
betes mellitus, liver cirrhosis, serious psychiatric disorder, pregnancy, lactation, and
seropositivity for the human immunodeficiency virus, The diagnosis of MDS RA or
RCMD was made by hematological experts in each institute, but no central slide
review was performed,

2.2 Treatment design

The regimen consisted of two steps. In the first step, 3 Glakay™ capsule con-
taining 15 mg of menatetrenone was.orally administered 3 times a day (45 mg/day)
far 16 weeks. According to the International Working Group {IWG-2000) response
criteria, hematologic response has to last for no less than 2 months. Therefore,
the response was assessed at 8 and 16 weeks after the initiation of the therapy
125]. When hematological improvement was observed at 16 weeks, 45 mg/day of
menatetrenone was continued for a year at least (Fig. 1). For non-responders to
VK2 monotherapy, an Alfarol™ capsule containing 0.75 pg of alfacalcidol was orally
administered in addition to 45 mg of menatetrenone for other 16 weeks as the

Characteristics of responders in VK2 monotherapy and VK2 plus VD3 combination therapy.

Hematological improvément

Therapy MDStype Sex Age IPSS  Hb(g/dl) PLT(jul) ANC(10%/ul)  Transfusion  Karyotype
RBC PLT RBC PLT Neut
RCMD M 7 0.5 41 48,000 1.45 + - del{20)qll) Minor Maior Absent
RA M 71 05 8.2 55,000 0.96 - - del(20)qll). Major Minor Absent
VK2 del(16)q23)
RA M 78 05 89 35,000 1.64 - - Normal Minor Minor Absent
RA M 69 05 7.7 98,000 213 - - Normal Major Minor Absent
RA F 52 153 64 10,000 1.79 - + Normal Absent  Major Absent
RCMD F 46 1 7 46,000 1.73 - - 8 Major Absent Absent
RA M 61 1 6.2 179,000 032 - - +,der{}; 7 Y{qlo; pi0) Minor Absent Absent
RA M 79 1 66 176,000 222 - - add(17)Xql2} Minor Absent Absent
VI2+VD3 gy M 81 1 67 5.000 1.09 + +  Normal Major  Major Absent
RA M 74 05 55 34,000 290 + - Normal Absent  Minor Absent
RA F 55 05 a8 66.000 215 - - Normal Major Minor Absent
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VK2+D3 combination therapy n=20
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Fig. 3. Hematological response to VK2 plus VD3 combination therapy. *Indicates the responder in VK2 plus YD3 combination therapy.

second step after re-registration (Fig. 1). Response was re-assessed at 8 and 16
weeks after the initiation of the second steps of the regimes. When hematologi-
cal improvement was achieved, both 45 mg/day of menatetrenone and 0.75 pgfday
of alfacalcidol were further continued for a year at least. Since VK2 and VD3 are
fat-soluble vitamins and they require biliary for efficient intestinal absorption, cau-
tion was paid for taking these vitamins either after meals or with a cup of milk.
Glakay and Alfarcl were kindly provided by Eisai Co., Ltd. (Tokyo, Japan) and Chugai
Pharmaceutical Co., Ltd. {Tokyo, Japan), respectively.

Concomitant use of medicines including erythropoietin, G-CSF. M-CSF, anabolic
steroids, carticosteroids, cyclosporine A, antilymphocyte/antithymocyte giobulin,
antineoplastics, ascorbic acid, lithium carbonate, cepharanthine. amifostine, and
thalidomide was prohibited within trial period. Transfusions of platelet and red
blood cell were unrestrained. The amaunt of transfusions was taken into as count
when response was assessed.

2.3, Response criteria

Eight and 16 weeks after the initiation of each treatment step, hematological
improvement (H1) was assessed according to the standardize response criteria for
MDS by IWG-2000 {25]. and was determined when the improvement continued
for 8 weeks or more, Previous reports demenstrated that the any hematological
responses to VK2 cannot be observed within 8 weeks. Therefore, only patients who
have received VK2 for more than 8 weeks should be included for evaluation |7-t 0].
The patients who have stopped the treatment within 8 weeks should be excluded for
response evaluation but should be included for the assessment of any adverse events
in this study. Achievement of either major or minor hematological improvement
(HI) in one or mare hematopoietic lineages was defined as “effective” in this study.
However. if hemoglobin (Hb) concentration fell over 2 g/d! from the maximurm con-
centration within a month after the treatment, or the counts of neutrophils and
platelets dropped by more than 50% of the maximum counts within a month after
the treatment, these conditions were denoted as "ineffective” despite achievement
of any Hl.

24. Endpoints and statistical analyses

The primary and secondary endpoints were the rate of Hl at 16 weeks after the
initiation of either VK2 alone or VK2 plus VD3, respectively, Differences inresponse
rate were analyzed by Fisher's exact test. Comparison of characteristics between
responders and non-responders was analyzed by Student's t-test, Fisher's exact test,
and the U-test, according to variants.

3. Results
3.1. Patient characteristics

Thirty-eight out of 46 enrolled patients were evaluable. The
enrolled cases who received menatetrenone for more than 8

weeks were all included for evaluation. Characteristics of evalu-
able patients are summarized in Table 1. The median age was 65
years. These were 27 and 11 patients with RA and RCMD, respec-
tively. According to IPSS, 13 patients were at low-tisk, 24 had
intermediate-1, and 1 case was not assessable because of lack of
cytogenetic data. The numbers of patients with a Hb level less than
10g/dl, platelet count less than 100,000/, and absolute neutrophil
count (ANC)lessthan 1.5 x 103/l were 24, 24, and 25 cases, respec-
tively. Ten cases were red blood celis (RBC) transfusions-dependent
and 6 were dependent on platelets transfusions, respectively.

3.2. VK2 monotherapy

Overall response rate of the VK2 monotherapy was 13% (5/38)
in all of the evaluable cases. Anemia improved in 4 out of 24 (17%)
patients with a Hb level lower than 10g/dl. Thrombocytopenia
improved in 5 out of 24 (21%) patients with a platelet count less
than 100,000/l (Fig. 2). In 4 cases, anemia and thrombocytopenia
ameliorated concurrently (Table 2). The efficacy tended to be better
in patients with moderate to severe cytopenias. However, the dif-
ferences between mild and moderate tosevere cytopenias were not
statistically significant by Fisher's exact test (P=0.38 for anemia,
P=0.08 for thrombocytopenia). VK2 had no effects on neutrope-
nia in any cases. In transfusion dependency, which was defined as
requirement of 2 units or more red-cell concentrates or 10 units
or more platelets concentrates for a month, it was relieved in 1
out of 6 patients with platelet transfusion dependency. None of 10
patients with RBC transfusion dependency became free from trans-
fusions. Two of 5 responders had abnormal karyotypes in the bone
marrow cells; one had del(20)(q11), and the other had del(20)(q11)
and del(16)(g23) (Table 2).

3.3. VK2 and VD3 combination therapy

Twenty-three out of 33 patients receiving VK2 monotherapy
did not show any hematologic improvement in 16 weeks. Twenty-
three non-respondersin VK2 monotherapy were re-registered after
obtaining informed consent and transferred VK2 plus VD3 combi-
nation therapy, and 20 cases were evaluable (Table 1). The median
age was 65 years (range: 27-81). The numbers of cases with RA
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Table 3
Comparison of clinical characteristics between responders and non-responders. (): %.
Variables VK2 monotherapy (n =38) VK2+VD3 combination therapy (n=20)
Responders Non- P-value Test Respanders Non- P-value Test
{n=5) responders (n=86) responders
(n=33) (n=14)
Age (years) mean + SD 68.2+97 6131166 0372 {n 66.0+14.2 593+£155 0375 (1)
Sex
Male 4(80.0) 16(48.5) 0344 )] 4(66.7) 6(42.9) 0.628 m
Female 1{20.0} 17(51.5) 2(333) 8(57.1)
MDS type
RA 4(80.,0) 22(68.6) 1 m 5(83.3) 11(78.6) 1 (1)
RCMD 1(20.0) 10(31.3) 1(16.7) 3(21.4)
Karyotype
Normal 2(50.0) 23(71.9) 0.57 {n 3(50.0) 10(71.4) 0.613 [¢D]
Abnormal 2(50.0) 9(28.1) 3(50.0) 4(28.6)
PSS score
0 1{20.0) 12(37.5} 0.864 (3) 0(0.00} 7 (50.0) 0.028 (3)
0.5 4(80.0} 15(46.9) 3(50.0} 5(35.7)
1 0(0.00) 5(15.6} 3(50.0) 2(143)
Time from diagnosis to therapy {(month)
<6 5(100) 28(87.9) 0.441 3) 6(100) 12(85.7) 0384 (3)
6-12 0(0.00) 1(3.0) 0{0.00) 1(7.1)
12< 0(0.00) 3(9.1) 0(0.00) 1(7.1)
Prior therapy
Absent 5(100) 31(83.9) 1 (n 6(100) 13{92.9) 1 {n
Present 0(0.00) 2(6.1) 0(0.00) 1{7.1)
Performance status
0 3(60.0) 24(72.7) 0623 (3) 4(66.7) 11(78.6) 0.621 3)
1 2(40.0) 8{242) 2(333) 3(21.4)
2 0(0.00} 1{3.0) 0(0.00) 0(0.00)
Complete blood counts
Hb (g/dl) 7.06+1.89 929+3.08 0126 (2) 7.074:1.47 1048 £3.15 0.021 (2)
PLT (jd) 49,200 +£ 32,200 129,500+ 126,200 0.17 (2) 84,800+ 74,600 154,600 £ 170.000 0.348 (2}
ANC (ful) 1602.4 +£421 1399.2+1077 0.682 (2) 17352 802.7 +460.7 0.007 2)
Transfusion dependency
RBC
Dependent 1(20.0) 9(47.4) 0.283 1) 2(333) 3(21.4) 0.483 [§)]
Independent 4(80.0) 10(52.6) 4(66.7) 11(78.6)
PLT
Dependent 1(20.0) 5{26.3) 0.633 (€D} 1(20.0) 2(133) 0.601 (1)
Independent 4(80.0) 14(73.7) 4(80.0) 13(86.7)
Bone marrow cellularity
Hypocellular 0(0.00) 12(38.7) 0.552 (3) 2(33.3) 7(50.0) 0.59 (3)
Normocellutar 5(100) 12(38.7) 3(50.0) 5{35.7)
Hypercellular 0(0.00) 7(22.6) 1(16.7) 2(143)
Blast in bone marrow (%) mean = SD 126156 1.7241.31 0479 (2) 0.97+0.61 204+ 1.87 0.193 {2)
‘The number of the column of “Test" means: (1) Fisher's exact test, (2) t-test, and (3} U-test.
Table 4
Summary of Japanese clinical trials of VK2 therapy for MDS RAJRCMD.
Reporters No. of cases Hematological Improvement {%) Type of study No of cases with Hl Ref
Miyazawa et al 15 20(3/15) Retrospective HI-E major: 2 {8]
HI-N minor; 1
Tsukamoto et al. 4 75(3/4) Prospective {38]
Abe et al. 13 46{6/13) Prospective HI-E major: 3, minor: 3 9]
Takami et al. ] 56(5/9) Prospective HI-E major: 2, minor: 1 {10]
HI-N major: 3
HI-P major: 2
Imamura et al. 35 29(10/35) Retrospective 139}
Yoshinaga et al. 13 23(3/13) Retrospective [40}
Tsurumi et al. 8 75{6/8) Prospective {4t}
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and RCMD were 16 and 4, respectively. Overall response rate
was 30% (6/20) in all of the evaluable cases. Forty-five % {5/11}
of patients with Hb lower than 10g/dl showed improvement of
anemia. Thrombocytopenia was improved in 3 out of 10 patients
(30%) (Fig. 3). In two cases, anemia and thrombocytopenia were
concurrently ameliorated (Table 2). As well as monotherapy, the
combination therapy did not show any effect for neutropenia in all
of the cases. Five and 3 patients were dependent on RBC and platelet
transfusion, respectively. One patient with both RBC and platelet
transfusion dependency became free from transfusion. Three out
of 6 responders had abnormal karyotypes in the bone marrow
cells. One had +8, one had der(1;7)(q10;p10). and another had
add(17)(p12).

3.4, Clinical characteristics of the responders

Differences in clinical characteristics between the responders
and the non-responders were analyzed (Table 3). In the VK2
monotherapy, anemia and thrombocytopenia tended to be severer
in the responders, but without statistic significance. There were
no clinical characteristics for predicting good or poor responses to
VK2. In the VK2 plus VD3 combination therapy, the IPSS score was
higher, and anemia was severer in the responders with statistical
significance. The ANC were higher in the responders. However, as
enrolled case number for combination therapy was small, these
data only appear to suggest that the hematological improvement
by combination therapy can be observed even in the sever cases.
The response rates did not differ between patients with or with-
out transfusion dependency. There was no difference in efficacy
between the cases with and without chromosomal abnormalities.

3.5. Adverse events and withdrawal cases

Adverse events were assessed in all 46 cases enrolled in this
study [26]. Adverse events for VK2 and VD3 were minimal: 1 case
with grade I nausea, 1 with grade I lower abdominal pain, and 1
with grade 1 skin rash in VK2 monotherapy: 1 with grade | skin
rash in VK2 plus VD3 combination therapy. Respectively, 8 and 3
patients withdrew from the VK2 monotherapy and the VK2 plus
VD3 combination therapy, respectively. The causes of withdrawal
in VK2 monotherapy were as follows: 2 cases showed progression
to RAEB or AML within 6 weeks after the initiation of VK2: 1 for
gastric discomfort; 1 for lower abdominal pain; 1 case for receiving
corticosteroid for fever of unknown origin; 3 cases stopped visit-
ing hospital on their own decision. In VK2 plus VD3 combination
therapy, the causes of withdrawal were; 1 case was due to progres-
sion of pancytopenia within 4 weeks after the initiation of VK2 and
VD3: 1 halted taking medicine on his own decision within 8 weeks;
1 discontinued of hospital visit due to removal to another locatian.

4. Discussion

The response rates in hematological improvement of VK2
monotherapy were largely different in previous reports (Table 4).
Three retrospective studies demonstrated that the response rates
ranged from 20 to 29%, whereas 4 prospective studies revealed
that it ranged from 46 to 75%. Several factors appears to con-
tribute to this variation such as the small number of patients
enrolled, concomitant use of other medications including VD3 and
anabolic steroid, difference of background of recruited patients,
and difference of response criteria. In these prospective stud-
jes, the response rates might be overestimated because of these
biases. In this study, the response rate of 13% (5/38) for VK2
monotherapy appears to indicate minimal therapeutic benefit
for low-risk MDS. In addition, we were unable to identify the
predictive factors for VK2 responders (Table 3). However, we

cannot definitively exclude the possibility of underestimation of
the response in VK2 therapy, because assessment at 16 weeks
may not reflect the full response to VK2. We had set the assess-
ment of Hl at 16 weeks because most previous reports showed
hematological response within 16 weeks after initiation of VK2
{8-10L

Addition of alfacalcidol (VD3) to VK2 appears to improve ane-
mia and thrombocytopenia in about one third of patients who did
not respond to VK2 monotherapy by 16 weeks. It is still unclear
whether this effect was completely due to the combination of
VK2 and VD3 or not. In addition, one may question the mecha-
nism of improvement of cytopenias by combining both vitamins.
There appear be several possibilities to explain this effect, such as
selective elimination of MDS$ clone via apoptosis, differentiation
induction, and improvement of the hematopoietic microenviron-
ment {13,14,27]. It was demonstrated that combination of VK2
and VD3 synergistically enhanced differentiation in addition to
suppression of VK2-inducing apoptosis in HL-60 cells in vitro
[22,23). This may suggest some transcriptional interaction between
VK2 and VD3, and also suggests that enhanced cellular differ-
entiation induction may occur in vivo in the MDS clone as well
as in leukemic cells. Regarding with cell-differentiation therapy
in MDS using VD analogs, Mellibovsky et al. reported that VD3
monotherapy using calcifediol (25-hydroxyvitamin D) was effec-
tive in 11 out of 19 cases whereas Takahashi et al. reported that
alfacalcidol was effective in 5 of 12 cases with MDS, respectively
{18.28]. In contrast, Yoshida et al. reported that a randomized
study of alfacalcidol (6 pg/day) versus supportive therapy in 23
evaluable patients with refractory MDS, alfacalcidol resulted in no
therapeutic benefit [21]. To date, most previous reports of cell-
differentiation therapy with either vitamin D3 analogs or retinoids
yielded only disappointing results [29]. However, VK2 has recently
been reported to induce autophagy in various types of cell lines
[30-32). VD3 has also been reported to induce autophagy in
leukemia cells [33]. Recent reports demonstrated that autophagy
plays an important rele in the turnover of organelles includ-
ing, mitochondria and ribosomes, as well as cytosolic protein
degradation [34). Using conditional knockout mice, it has been
demonstrated that deficiency of autophagy resulted in accumula-
tion of damaged mitochondria and mis-folded proteins that may
subsequently cause production of reactive oxygen species (ROS)
by mitochondria and ER stress in ribosomes, respectively. Thus
autophagy is involved in clearance of impaired mitochondria [35].
In bone marrow erythroblasts from RA and RARS patients, an
increased formation of autophagosomes including iron-deposited
mitochondria has been reported {36]: unfortunately, we could
not enroll any RARS patients in this study. Autophagy mat func-
tion as cytoprotection via clearance of the damaged mitochondria
from which apoptotic signals initiate [37]. Therefore, further
induction of autophagy in response to VK2 and VD3 may play
a role in protection from apoptosis in MDS clone resulting in
improvemnent of cytopenias along with cellular differentiation
induction. This concept may be supported by previous observations
in MDS patients, showing that dysplastic features and cytoge-
netic abnormalities still can be detectable after improvement of
cytopenias [7.8].

In VK2 plus VD3 combination therapy. IPSS score, Hb level and
ANC were significantly different between responders and non-
responders. The response rates were 0%, 28.5% and 66.7% for IPSS
score 0, 0.5 and 1, respectively (Table 3). Since the percentage of
bone marrow blasts does not contribute to the score in the low and
int-1 risk groups, the scores are mainly refated to cytopenia and
cytogenetic abnormalities. In the responders, lower Hb level and
higher ANC were statistically significance. Anemia was improved
even in cases with high-risk abnormalities involving chromosome
7 or >2 chromosome abnormalities (Table 2). This suggests cyto-
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genetic abnormalities may not affect the response in VK2 plusvVD3
combination therapy. .

This study demonstrated that VK2 mono and VK2 plus VD3 ther-
apies showed minimal adverse effects with no toxicity of grade
2 or more. In addition, 0.75 pg-a-day of alfacalcidol did not pro-
voke hypercalcaemia in our series. Based on the response rate and
safety in our study, VK2 plus VD3 combination therapy appears to
be promising for improvement of anemia and thrombocytopenia
in elderly patients with low-risk MDS. Further studies are required
to clarify the duration of efficacy in response to combination ther-

apy.
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PNH-phenotype cells in patients with idiopathic cytopenia
of undetermined significance (ICUS) with megakaryocytic
hypoplasia and thrombocytopenia

The recent World Health Organization classification  has
identified a condition marked by having fewer than 10% of
dysplastic cells and fewer than 5% of blasts in the bone
marrow (BM) as idiopathic cytopenia of undetermined
significance (ICUS) (Wimazal et al, 2007; Brunning et al,
2008). We recently reported that TCUS patients may be
heterogencous (Ando ef al, 2010), and the pathophysiology
of some ICUS patients may be different from that of
myelodysplastic syndromes {MDS). During the last decade,
the immunological background of MDS patients, especially
in those with low-grade dysplasia, has been postulated as
significant, and immunosuppressive therapy is widely pro-
posed in the consensus guidelines for MDS treatment
(Bowen et al, 2003). Candidates for immunosuppressive
therapy (IST) are those with hypocellutar bone marrow or
the presence of DRBI*1501. The correlation between the
presence of paroxysmal nocturnal haemoglobinuria (PNH)-
phenotype cells (a minor PNH clone: <1% of CD35- and
CD59-deficient cells) and a good response to IST has also
been reported. It has been reported that patients with
aplastic anaemia (AA) or MDS displaying >0-003% of PNH-
phenotype cells showed significantly favourable responses to
IST (Wang et al, 2002; Nakao ef al, 2006). However, the
prevalence of increased PNH-type cells in patients with ICUS
remained unclear.

We analysed a total of 29 patients, including 11 patients
with morphologically identified TCUS, nine with refractory
cytopenia with unilineage dysplasia  (RCUD), and nine
patients with refractory cytopenia with multilineage dysplasia
(RCMD): the haematological and clinical data of some
patients were reported previously (Ando et al, 2010).
Patients with fewer than 25 analysable megakaryocytes were
defined as undetermined, even if the percentage of dysplastic
megakaryocytes was more than 10%. MDS was diagnosed
according to morphological criteria defined by the French-
American-British classification and International Working
Group on Morphology of myelodysplastic syndromes
{(Valent ef al, 2007; Mufti ct al, 2008). To detect a minor
PNH clone, peripheral blood obtained from patients was
transferred to Kanazawa University (transported overnight at
4°C), and analysed using @ highly sensitive flow cytometric
assay, as reported previously (Sugimori er al, 2006). We
considered a patient to be positive for PNH-phenotype cells
when the presence of CD35- and CD-39 deficient granulo-
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cvtes were >0:003%, and when CD55- and CD39-deficient
erythrocytes were >0-005%.

Of the 11 ICUS patients, two showed an increase in the
percentage of PNH-type cells, whereas none of 9 RCUD or 9
RCMD patients did. Of the two patients with ICUS showing
increased PNH-type cells, one showed clonal monosomy 8 and
the other had a normal karyotype. Both patients who were
positive for PNH-type cells had markedly low platelet counts,
although there was no significant difference in the platelet
count (P = 0-2125 by unpaired t-test) (Fig 1) belween the
ICUS patients and those negative for PNI-type cells. The BM
of the two patients (unique patient numbers 34 and 09-01
showed markedly megakaryocytic hypoplasia and was there-
fore difficult to assess for the morphology of megakaryocyles
{Table S1).

It has been reported that approximately 20% of MDS-
refractory ansemia and RCMD cases, and 530% of AA
patients showed an increase in the percentage of PNH-type
cells, and a common immunological background was
postulated between the low-risk MDS and AA  patient
groups (Nakap et al, 2006; Sugimori et al, 2006). In the
present study, PNH-type cells were detectable in only two
patients with ICUS, both of whom showed prominent
thrombocytopenia and megakaryocytic hypoplasia in Lhe
BM. This indicates that some ICUS patients with predom-
inant thrombeeytopenia may share immune pathophysiology
characterized by the presence of increased PNH-type cells
with patients with AA.

Recent research by Wang et al (2009) demonstrated that
nine refractory anaemia (RA) patients had a minor population
of PNH-phenotype granulocytes (<1% of granulocytes), and
six of them showed neither 210% dysgranulopoiesis nor 210%
dysmegakaryopoiesis; five of them lacked clonal cytogenetic
abnormualities, suggesting the possibility thal these patients
could be given diagnoses of ICUS. Wang et al (2002) reported
that 21 RA patients with increased PNH-type cells showed
significandy lower percentages of abnormal karyotypes and
pseudo-Pelger neutrophil anomalies, and significant lower
platelet counts than RA patients negative for increased PNH-
type cells. Thase findings, in combination with our results,
indicate that zn increase in the percentage of PNH-type cells
may be characteristic of BM failure with few signs of dysplasia.
Our findings Zurther suggest that ICUS to be heterogeneous;
some patients present with predominant neutropenia {Ando
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