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that the multiple organ congestion observed in the Nkx2.5-
CRT transgenic mice was caused by heart failure.

The Nkx2.5-CRT transgenic mice have abnormalities of the
conduction system

ECGs were recorded on fully awake mice every week
starting at l-week of age. At 7-weeks, the Nkx2.5-CRT
transgenic mice ECG demonstrated prolonged PR and
QRS intervals compared with control mice (Fig. 3b). The
heart rates in the Nkx2.5-CRT transgenic mice and con-
trol mice were similar within the first few weeks after
birth, but the Nkx2.5-CRT transgenic mice showed a
slowing of the heart rate at 5-weeks. Finally, the heart
rate was 20.1% slower in the Nkx2.5-CRT transgenic mice
(n=7) than control mice (n =9) at 7-weeks (Fig. 3c). The
PR interval in the Nkx2.5-CRT transgenic mice was sig-
nificantly prolonged in the 5-week-old mice and was 38%
longer than the control mice at 7-weeks (transgenic mice;
n=17, control mice; n=10) (Fig. 3d). The QRS interval
from the Nkx2.5-CRT transgenic mice was significantly
prolonged in the first week and 28.9% longer than the
control mice in 7-week-old animals (transgenic mice;
n=7, control mice; n=10) (Fig 3e). Our findings

a control transgenic  ©
cxa0 " Cx40
oo G - o

GAPDH - fda

HCN4

b

oCA
% GAPDH
d

transgenic

GAPDH

K Hattori et al | Molecular Genetics and Metabolism 91 (2007) 285-293

indicated that the Nkx2.5-CRT transgenic mice had
abnormal conduction system through the AV node to
His-Purkinje fiber.

Expression levels of Cx40, Cx43, MEF2C and HCN [ were
decreased in the Nkx2.5-CRT transgenic mice

We investigated whether the Nkx2.5-CRT transgenic
mice have altered expression of proteins related to heart
arrhythmia or cardiomyopathy. Western blot analysis with
anti-Cx43 antibodies and anti-Cx40 antibodies showed that
the level of both the Cx43 and Cx40 protein was reduced
and the lowering of the expression of Cx40 protein was
remarkable (Fig. 4a). The expression of Cx40 was investi-
gated by immunofluorescence staining on sections of con-
trol and the transgenic mice hearts. No signal was detected
in the atria of transgenic mice treated with anti-Cx40 anti-
bodies (Fig. 4b). The decreased expression levels of Cx43
and Cx40 protein were similar to prior report of transgenic
mice overexpressing calreticulin in the heart driven by the
cardiac a-MHC promoter («-MHC-CRT transgenic mice)
[7). Next, RT-PCR analysis was performed on total RNA
obtained from the hearts of the Nkx2.5-CRT transgenic
mice and control mice every week until 3-weeks of age to

1-week-old 2-week-old 3-week-old
control Tg contrdl Tg

control Tg

Fweek-old
control  Tg

7-week-old
control Tg

MEFZC P W e

Fig. 4. Western blot and RT-PCR confirmation of altered protein and gene expression in the Nkx2 5-CRT transgenic mice. (a)Western blot analysis of
Cx40, Cx43, and GAPDH in control and the transgenic mouse hearts at 7-weeks of age. (b) Expression pattern of Cx 40 associated with cardiomyocytes in

the atna of control and the tr ic mace by

fluorescent staining. Sections were treated with rabbit anti-Cx40 antibodies. Nuclei were stained

with 4,6-diamidino-2-phenylindole. (¢) RT-PCR analysis performed on messenger RNA obtained from hearts of control and the transgenic mice at 1-, 2-
and 3-weeks of age. Lanel and lane2: 1-week-old heart from control (lanel) and transgenic mouse (lane2). Lane3 and laned: 2-week-old heart from control
(lane3) and transgenic mouse (laned). Lane5 and lane6: 3-week-old heart from control (lane$) and transgenic mouse (lane). Primers for Cx40, Cx43,
HCNI1, HCN2, HCN4, aCA and GAPDH were used. aCA: a-cardiac actin. (d) Western blot of MEF2C and GAPDH in the hearts of control and trans-

genic mice at 3- and T-weeks of age
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observe gene expression over time (Fig. 4c). The expression
of HCN1 was decreased 59.6% in the Nkx2.5-CRT trans-
genic mice compared with control mice at 2-weeks. The
gene expression levels of both Cx40 and Cx43 unchanged
between the Nkx2.5-CRT transgenic and control mice.
There were no differences in the expression of other HCN
subtype, ie, HCN2 and HCN4, between the Nkx2.5-CRT
transgenic mice and control mice. These findings suggest
that heart specific overexpression of calreticulin lead to the
decrease of HCNI gene expression and to an arrhythmia
characterized by bradycardia, and prolongation of the PR
and QRS intervals.

We investigated MEF2C expression in the NKx2.5-CRT
transgenic mice hearts, since a previous study had indicated
that expression of calreticulin is related to the transcrip-
tional activity of MEF2C [6]. Western blotting analysis
revealed that the protein level of MEF2C was reduced at 3-
weeks and 7-weeks of age in the transgenic mice hearts
compared with the control mice (Fig. 4d). It is considered
that the decreased protein level of MEF2C in the transgenic
mice hearts may affect chamber dilation.

In a previous study, it was shown the overexpression of
calreticulin promotes differentiation-dependent apoptosis
in H9¢2 cells [15]). We examined the section of the hearts of
5- or 7-week-old NKx2.5-CRT transgenic and control mice
by TUNNEL staining. There were no significant differences
in the number of TUNNEL positive cardiomyocyte
between the Nkx2.5-CRT transgenic and control mice
(data not shown).

Discussion

To study the role of calreticulin in the funcuon of vari-
ous mouse organs, we employed a cre-loxP mediated gene-
switch approach. We have succeeded to generate transgenic
mice with spatiotemporal overexpression of calreticulin
using cre-loxP system. Transgenic mice with tissue specific
overexpression of calreticulin can be obtained by inter-
crossing tissue specific-cre mice with loxP-CRT transgenic
mice. As proof of the fact, the albumin-CRT transgenic
mice expressed calreticulin specifically in the liver.

Especially in this study, to demonstrate the role of cal-
reticulin in the heart development and its function, we have
generated transgenic mice which overexpress calreticulin in
the heart starting from an early stage of cardiogenesis using
a cre-loxP system under control of the cardiac homeobox
gene Nkx2.5 promoter. In recent studies, Nkx2.5-cre mice
have been used for heart specific deletion and/or expression
of various genes [16-18]. In an in vive electrophysiological
study. the QRS interval in the Nkx2.5-CRT transgenic mice
was prolonged from l-week of age. The PR interval was
also prolonged from S5-weeks and bradycardia developed.
Chamber dilation occurred and electron microscopy
revealed the cardiomyocyte structures to be altered in these
transgenic mice. The morphological changes of the cardio-
myocytes seem to be a result of the dilated cardiomyopa-
thy. A portion of the Nkx2.5-CRT transgenic mice showed

a severe cardiac edema around 7-weeks of age. Finally, they
died suddenly in a period of 6- to 10-weeks of age. As
shown in Western blot analysis, there is a difference in the
expression level of calreticulin starting from the embryonic
stage between the Nkx2.5-CRT transgenic and control
mice. It is considered that the overexpression of calreticulin
in the embryo may affect the phenotypic differences which
were evident from the postnatal first week on electrocardio-
gram.

There are several experimental transgenic models of
arrhythmia. The transgenic mice with a ventricular-
restricted knockout of Nkx2.5 undergo progressive com-
plete heart block [19]. However, these transgenic mice did
not undergo sudden death, and are distinct from our
Nkx2.5-CRT transgenic mice. Cx40 and Cx43, a family of
proteins from which gap junctions are formed, are predom-
inant in the conduction system. Cx40 null mice and mice
with cardiac-specific loss of Cx43 have cardiac conduction
abnormalities [20-22], but they have normal heart struc-
ture. By Western blot analysis, expression levels of Cx43
and Cx40 protein were decreased in the heart of the
Nkx2.5-CRT transgenic mice. Arrhythmia observed in the
Nkx2.5-CRT transgenic mice may involve impaired func-
tion of Cx43 and Cx40. On the other hand, it is reported
that ventricular Cx43 expression is reduced in heart failure
[23.24]. The decreased expression of Cx43 protein in the
transgenic mice might be secondary phenomenon by heart
failure. It is considered that the marked decrease in the level
of Cx40 protein is characteristic for the transgenic mice.

The cardiac symptoms of Nkx2.5-CRT transgenic mice
were similar to a-MHC-CRT transgenic mice, which
exhibit sinus bradycardia, complete heart block and sudden
death [7]. a-MHC-CRT transgenic mice dead suddenly
around the postnatal age of 3 weeks and none survived
beyond 5 weeks, but Nkx2.5-CRT transgenic mice under-
went sudden death after 6-weeks of age. We hypothesized
that there are two possible reasons why the onset of the dis-
ease 1s delayed in Nkx2.5-CRT transgenic mice compared
with a-MHC-CRT transgenic mice. One reason may be the
different degree of the myocyte abnormality. A more severe
injury, such as intracellular vacuolization in myocytes,
occurred in the a-MHC-CRT transgenic mice. The severely
mjured myocytes in a-MHC-CRT transgenic mice may
accelerate the onset of the symptoms.

The second reason may be the difference of the expres-
sion patterns in the heart between Nkx2.5-cre recombinase
and the a-MHC promoter. Lints et al. reported that Nkx2.5
expression is observed in the cardiac crescent at 7.5 days
postcoitus and during differentiation and morphogenesis,
and this expression is found across the whole myocardium
of the heart. This pattern persists throughout embryonic
and fetal development and transcripts can also be detected
in the adult mouse heart [8]. On the other hand, Lyons et al.
reported that between 7.5 and 8 days postcoitus, a-MHC
gene starts to be expressed at high levels throughout the
myocardium. After this increased expression, a-MHC
mRNA levels decrease in ventricular muscle cells but con-
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tinue to be expressed at high levels in atnal muscle cells,
then increase in ventricle before birth, and finally are
expressed at a high level in ventricular muscle by 7 days
after birth [25] In o~ MHC-CRT transgenic mice, the
expression of calreticulin increased exclusively under the
control of the a-MHC promoter in the ventricles before
birth. This expression pattern may lead to uncompensated
dysfunction to cause severe arrhythmia, subsequently sud-
den death in the early postnatal period. We think that
Nkx2.5-CRT transgenic mice are a phenotypically-distinct
model from a- MHC-CRT transgenic mice. These mice
expressed calreticulin at a high level in the heart from an
early stage of the embryo also maintain a high level of
expression postnatally.

It is reported that low levels of cardiomyocyte apoptosis
are sufficient to cause a lethal, dilated cardiomyopathy [26]
and overexpression of calreticulin promotes differentiation-
dependent apoptosis in H9¢2 cells [15]. We investigated
whether cardiomyocyte apoptosis occurred in the Nkx2.5-
CRT transgenic mice. Surprisingly, TUNNEL staining
revealed that the apoptotic cells did not increase in the
Nkx2.5-CRT transgenic mice, compared with control mice.
These results indicate that the Nkx2.5-CRT transgenic mice
are a distinct model of arrhythmia compared to previous
models,

To investigate whether the overexpression of calreticulin
in the heart is directly related to the abnormal conduction
system, we performed RT-PCR analysis of the heart. As a
result, HCNI expression was found to be reduced starting
from the age of 2- to 3-weeks. The HCN family is an impor-
tant ion channel family which regulates sinus node activity
and resides specifically in the heart and brain. HCN family
has been classified into the four isoforms HCN1, HCN2,
HCN3 and HCN4 [27,28]. It has been reported that the loss
of HCN 2 or HCN4 leads to an abnormality of the conduc-
tion system [29,30]. Previous research indicates that HCN1
is detected in the murine sinoatrial node [31]. HCN1 knock-
out mice exhibited profound motor learning and memory
deficits in swimming and rotarod tasks, but they appeared
with the expected Mendelian frequency and did not differ
from their wild-type littermates in overall health and lon-
gevity [32]. In our RT-PCR analysis of the heart, HCN]
was expressed after birth and gradually decreased from 2-
weeks of age. Although HCN1 null mice appeared healthy,
the continuous decrease of HCNI might not be compen-
sated by other channels. The reduction of HCNI may influ-
ence the observed arrhythmia in the Nkx2.5-CRT
transgenic mice.

Previous reports suggested the expression of calreticulin
is related for MEF2C [6] and MEF2C was shown to play a
role in regulating cardiomyopathy, for example, transgenic
mice that overexpress MEF2C specifically in the heart dem-
onstrated a dosage-sensitive induction of dilated cardiomy-
opathy [33]. However, in other studies, it is revealed that
mice expressing a dominant-negative mutant of MEF2C in
the heart die during postnatal development, presumably
due to a phenotype of ventricular dilation [34]. Thus, loss of

MEF2C function is relevant to chamber dilation. We inves-
tigated the protein level of MEF2C in the heart of our
transgenic mice at 3- and 7-weeks of age. As a result of
Western blot analysis, the Nkx2.5-CRT transgenic mice
exhibit a low level of MEF2C in the heart. This result sug-
gests that the decreased expression of MEF2C caused by
overexpressing calreticulin in the heart may be associated
with cardiomyopathy.

In summary, we have generated transgenic mice with
spatiotemporal overexpression of calreticulin using a cre-
loxP system. Specifically, overexpression of calreticulin
from early cardiac development causes an abnormality of
the conduction system and cardiac edema. As in the previ-
ous transgenic mice overexpressing calreticulin in the heart
driven by the cardiac a-MHC promoter, decreased expres-
sions of Cx43 and Cx40 protein were observed in the pres-
enl transgenic mice. In terms of not observing such changes
in the previous transgenic mice, the Nkx2.5-CRT transgenic
mice exhibited marked cardiac edema and abnormalities of
sarcomere structure in the heart. In addition, the expression
of HCNI was reduced in this study, which may induce
arrhythmia, and a decreased level of MEF2C, which may
be a contributory cause of the cardiomyopathy in this
model. The disparity in phenotype may be due to the pro-
moters causing overexpression of calreticulin in different
periods of heart development. Our findings support calreti-
culin being critical for normal heart function and structure.
Spatiotemporal overexpression of calreticulin in the trans-
genic mice is a useful model for the analysis of endoplasmic
reticulum proteins, such as calreticulin, in various tissues,
including cardiogenesis.
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We made a disease-specific comparison
of unrelated cord blood (CB) recipients
and human leukocyte antigen allele—
matched unrelated bone marrow (BM) re-
clpients among 484 patients with acute
myeioid leukemia (AML; 173 CB and
311 BM) and 336 patients with acuts lym-
phoblastic leukemia (ALL; 114 CB and
222 BM) who received myeloablative
trangplantations. In muitivariate analy-
ses, among AML cases, lower overall
survival (hazard ratio [HR] = 1.5; 85% con-
fidence interval [C1], 1.0-2.0, P = .028) and

leukemia-free survival (HR = 1.5; 85% ClI,
1.1-20, P=.012) were observed in CB
recipients. The relapse rate did not differ
between the 2 groups of AML (HR = 1.2;
95% Cl, 0.8-1.9, P =.38); however, the
treatment-related mortality rate showed
higher trend in CB reciplents (HR = 1.5;
85% CI, 1.0-2.3, P =.085). In ALL, there
was no significant difference between the
groups for relapse (HR = 1.4, 95% Cl,
0.8-2.4, P=.19) and treatment-related
mortality (HR = 1.0; 95% Cl, 0.6-1.7,
P = .88), which contributed to similar

overall survival (HR = 1.1; 85% Cl, 0.7-1.6,
P=.78) and leukemia-free survival
(HR = 1.2; 95% CI, 0.9-1.8, P = 28)
Matched or mismatched single-unit CB is
a favorable siternative stem cell source
for patients without a human leukocyte
antigen—matched related or unrelated do-
nor. For patients with AML, decreasing
mortality, especially in the early phase of
transplantation, is required to improve
the outcome for CB recipients. (Blood.
2009;113:1831-1638)

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) with
bone marrow (BM) or peripheral blood, the curative treatment of
choice for acute leukemia, is limited by the inadequate supply of
marow from HLA-matched unrelated donors has been a major
alternative graft source.!* Umbilical cord blood (CB), an alterna-
tive stem cell source to BM or peripheral blood stem cells, has been
used primarily in children,*™ but its use in adults is increasing, 1112

Clinical comparison studies of cord blood transplantation
(CBT) and bone marrow transplantation (BMT) for leukemia from
unrelated donors in adult recipients showed comparable out-
comes.'!"!* Recipients of CBT showed delayed neutrophil recovery
and lower incidence of acute graft-versus-host disease (GVHD). 11
Overall treatment-related mortality (TRM) was reported to be
similar'? or higher'! compared with HLA-matched BM. Acute
myeloid leukemia (AML) and scute lymphoblastic leukemia
(ALL) are different disease entities that require different chemo-
therapy regimens for treatment. However, previous comparison

studies have included both diseases because of limitation in the
number of CBTs given to adults.

In addition, the study periods of previous studies encompass the
pioneering period of CBT, when the general practice was to use
these grafts in patients in whom there were no other curative
options and when the relevance of cell dose and HLA matching had
not yet been recognized. 8714

Accumulation of a larger number of CBT results enabled us to
make a controlled comparison with unrelated BMTs. To avoid the
inclusion of the pioneering period of CBT, the subjects were lim-
ited to those who received transplantations in and after 2000.

Methods
Collection of data and data source

The recipients’ clinical data were provided by the Japan Cord Blood Bank
Nerwork (JCBBN) and the Japan Mammow Donor Program (JMDP).!'*

Submitted March 21, 2008; accepted Navember 14, 2008. Prepublished online
a3 Biood First Edition paper, December 22, 2008; DO 10,11 82/blood-2008-03-
147041,

The oniina version of this article contains a data supplement.
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Mphﬂhlmdmuﬂﬂmﬁwﬁmmmmummmd
in Japan. All 11 CB banks in Japan are affiliated 10 JCBBN. Both JCBBN
mmm&mu&ammuwwmm
tation. Patients’ information on survival, disease status, and loog-term
meﬁmmﬂybyﬁ:ﬂuw-@fm.mmwwwﬂudln
management committees of IMDP and JCBBN.

Patients

Between January 2000 and December 2005, a total of 1690 adult patients at
least 16 years of age with acute leukemia (999 AML, 261 CB and 738 BM:
and 691 ALL, 178 CB and 513 BM)) received first HSCT with myeloabla-
ﬁvemﬁﬁomdmﬂmkﬂmmwmmmm
who received a single CB unit with 0 10 2 HLA mismatches, or HLA-A, -B,

BLOOD, 19 FEBRUARY 2008 - VOLUME 113, NUMBER 8

prophylaxis against GVHD. Factors differing in dismibution between CB
and BM recipients (P < 10) and factors known to influence outcomes
(such as patient age at transplantation and ch b lities and
FAB classification of leukemia) were included in the final modls. Variables
with more than 2 categories were dichotomized for the final multivariate
mﬁd.mcmﬂpdnuduvﬂmnmmnnﬂ:wﬁmﬂm
orumﬂmmmummmuhumm
of&mmmﬂmmnduﬂb“;mﬁmlpm
or younges than 45 ycars at transplantation, female donor to male recipient
dmorrwmmnﬂmmhmmhmfummmm
m.m.mdpammmmnuammwmm
M5/M6/M7 FAB classification versus others for classification of AML,
mwmmmwummma
ics of AML, cyclophosphamide and total body irradiation (TBI) or busulfan

-C. and DRBI allele-maiched BM from unrelated donors were Iyzed
HLA maiching of CB was performed using low-resolution molecular typing
methods for HLA-A and -B, and high-resolution molecular typing for
HLA-DRBI. Of 1023 BM recipients with complete HLA high-resolution
data, the following recipients with HLA HLA-A, -B, -C, and DRB1 allele
mismatches were excluded: 306 recipients with 1 of 8 mismatches (39 for
HLA-A, 6 for HLA-B, 137 for HLA-C, and 124 for HLA-DRB1),
liﬁmﬁmwiQZOHM(SﬁfﬂlclmlumMm[Mfur
class | and class II antigens), 33 recipients with 3 of 8 mismatches, and
| recipient with 4 of § mismatches. Of 390 recipicats of CB with complete
mm%mmamusm«sm4m
mmmlmawﬂmmuﬁmmcmmw
BIIMJMmplﬁmnwilhd\LL(!HmmmBlﬂl)m&
mhmm.m&»wmmmm:ym
h!ﬂthmd'y,ladihmmwdbtm:dSHma.

Definitions

Neutrophil y was defined by an absol phil count of at least
mw{udmuﬁm;ﬁnuhmwndﬂlmdByl
count of at least 50 000 platelets/mm?’ without transfusion support. Diagno-
ﬁsnﬂcﬁﬂcﬂyﬂn;ofmm“cmmﬁumm
Wﬁm“m“dﬁﬁmﬂulmu{mm
hematologic malignant discases. Treatment-related death was defined as
death during a continuous remission. Lenkemia-free survival (LFS) was
defined as survival in a state of continuous remission,

Statistical analysis

Separate analyses were performed for AML and ALL. Descriptive statistical
mlyﬂ:wup@dmedmmpaﬁmh&djmwn.m
mmmﬂumuwﬁm.m-wﬁmm
mismatches, preparative regimen, and GVHD prophylais. The 2-sided x*
test was used for categorical variables, and the 2-sided Wilcoxon rank sum
test was used for contiouous varisbles. Cumulative incidence curves were
mm-mmmmmquaw
and platelet recovery, acute and chronic GVHD, relapse, and TRM.! For
mwmpmmm.mhdmmqmﬂmm
recovery was the competing evear; for GVHD, death without GVHD and
mmhmpdumu:hmhmmammwm
the competing event; and, for TRM, relapse was the competing event. Gray
test was used for group comparison of cumulative incidence. Overall
survival (OS) and LFS were calculated using the Kapian-Meier method.
mhg-mkutw-mdfmywpmmwwmw
the stem cell source on OS and LFS was performed with the use of the Cox
proportional-hazards regression model. For other cutcomes, the Fine and
Cuaypmporﬁnml—mminrmhﬁwihﬁnuuhww:iﬁ
was used.”? Adjusted probabilities of OS and DFS were estimated using the
Cox proportional-hazards regression modsl, with consideration of other
significant clinical variables in the final multivariate models. The variables
cmﬁdﬂedwmmpaﬁﬂu'lmumpmm’lum-
paticnt sex mismatch, donor-patient ABO mismatch, disease stams at
conditioning. and t(9:22) chromosome abnormality or others for ALL,
cytogenetic information and French- American-British (FAB) classification

and cyclophosphamid, or others for conditioning regimen of AML,
Wmm.«muwmmﬂu
Disease status at transplantation was categorized as first complete remission
(ICR), second or later complete remission (2CR), or more advanced
dimwhﬁmhnludedinlh:ﬁmlmdﬂmin;&dnwmimdm
variables. All P values were 2-sided.

The statistical power to detect hazard ratios (HRs) of 2.0 and 15 (a
regression coefficient equal to 0.6931 and 0.4055, respectively) on Cox
regression of the log bazard matio at & .05 significance level adjusted for
event rate were 99% and 78%, respectively, for 484 patients with AML and
97% and 60%, respectively, for 336 patients with ALL The levels of
statistical power for subgroup analyses were as follows: 54% and 22% for
ICR, 51% and 21% for 2CR, 96% and 58% for more advanced in AML
patients, 62% and 26% for 1CR, 47% and 20% for 2CR, and 67% and 29%
for more advanced in ALL patients.

Results
Patient characteristics

The characteristics of the patients are shown in Table 1. There was
no significant difference in recipients’ age at transplantation in
AML (median age, CB vs BM = 38 vs 38 years, P = .61) and in
ALL(medimage.CBvsBMﬂzllvsJZyms,P??Q).m
female/male ratio was higher (CB vs BM = 54% vs 38% in AML
patients, and CB vs BM = 54% vs 38% in ALL patients, P < .001
and P = .005, respectively) in CB recipients, resulting in the lower
donor-patient sex match rate (CB vs BM = 48% vs 69% in AML
patients, and CB vs BM = 46% vs 65% in ALL patients, P < .001
and P = 002, respectively) in CB recipients. The proportion of
ALL patients with Philadelphia chromosome abnormality was
higher (CB vs BM = 38% vs 23%) in CB recipients. CB recipients
mlikclymhwcrmreaduwaddimmumspimnm
(relapse or induction failure, CB vs BM = 47% vs 31% in AML
patients, and CB vs BM = 26% vs 19% in ALL patients), and the
difference was significant in AML (P = .003), HLA-A, -B (low-
resolution typing), and -DRBI (high-resolution typing) was mis-
matched in 93% of both AML and ALL among CB recipients,
whereas HLA -A, -B, -C, and -DRBI were all genotypically
matched for BM recipients. The ABO-matched ient pair
proportion was consistently lower for CB (CB vs BM = 34% vs
59% in AML patients and CB vs BM = 32% vs 58% in ALL
patients).

A preparative regimen with TBI and cyclophosphamide was used in
mmmmmwmwh@
recipicnts with AML (36%) in addition to TBI and cyclophosphamide.
For GVHD prophylaxis, tacrolimus (CB vs BM = 20% vs 56% in
AML patients, and CB vs BM = 37% vs 53% in ALL patients) and
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Table 1. Characteristics of reciplents ot cord blood or bone marrow from unrelated donors In 484 patients with acute myeloid leukemia and
336 patients with acute lymphobiastic leukemia

Acute myeickd leukemia Acute lymphoblastic lsuksmia
Characteriatic U-CBT U-BMT P u-cer U-BMT P
Mo. of ransplantations 173 an 114 222
Median patient age a! transplantation, y (range) 38 (16-65) 38 [16-80) 1 34 (16-58) 32 (18-58) 29
Patlent sax, n (%)
Male 80 (46) 194 (62) < .001 52 (48) 137 (62) 005
Famaie 83 (54) 17 (38) 62 (54) 85 (38)
Sex matching, n (%) < .00 002
Matched 83 (48) 216 (68) 52 (46) 145 (85)
Maie to temale 44 (25) 57(18) 35 (31) 42 (18)
Femaie 1o male 45 (27 ar(12) 27 (24) 35(16)
Unknown 0o 10 o 00
Dissase classification
AML (Franch-Amarican-British) 045
MO 17 (10) 26 (8)
M1 (17 38(12)
L 52 (30) 8s (28)
M3 4@ 25 (8)
M4 27 (16) 55 (18)
M5 23 (13) 41 (13)
3 @ 18 (B)
M7 2(n 5(2)
Others/unknown 15(9) 15(8)
Cytogenetics 042
Favorabie® 18(11) 86 (21)
Normal 74 (43) 116 (37)
Other 57 (33) 85 (31)
Unlanewn 23 (13 3411
ALL cytogenatics 022
1(9:22) 43 (38) 52(23)
H4:11) 2(2) am
Others 22(19) 51(23)
Normal 27 (24) B85 (38)
Unknown 20 (18) 31 (14)
Diseass status 003 e}
Fist CR 50 (28) 130 (42) 63 (56) 130 (58)
Second or after CR a8 (23) B2 (26) 21(18) 48 (22)
Ralapsainduction fadure B1 (47) 85 (31) 30 (26) 42 (19)
Unknown 3@ a(1) 0(o) 2(1)
HLA matchingt
0 mismatched loct 12 BT
1 mismatched locus 35 (20) 25(22)
2 mismatched loci 128 (73) 81(71)
ABO matching < .00 <.00
Matched 58 (34) 185 (58) 37 (32) 128 (58)
Minor mismatch 48 (28) 57 (18) 30 (28) 48 (22)
Major mismatch arzn 50 (19) 24 (21) 41 (18)
Bidirectional 28(186) a(3) 23 (20) am
Unknown 1(1) 2(1) o 2{n
Nucleatsd oells infused per 107/kg, median (range) 2,44 (1.85-540) 263 (2.10-58.8) <.001 2.48 (1.51-4.06) 28.2 (230-79.0) < .001
Preparative regimen < .00 38
cY+ T8l 43 (25) 142 (48) 42 (37) 82 (41)
CY + CA + TBI 62 (36) 41(13) 3127 53 (24)
CY + BU + TBI T4 36 (12) 33 5(2)
Other TBI regimen 42 (24) 33(11) 34 (30) 54 (24)
BU +CY 18(10) 55(18) 4(4) 12(5)
Other non-TBI regiman 1(1) 4 0(0) 6(3)
GVHD prophylaxisia < 001 <.00
Cyciosporing A + sMTX 103 (60) 131 (42) 85 (57 100 (45)
Cyclosporine A = other 20{12) 4(1) &(5) 31
Tacrolimus + sMTX 34 (20) 168 (54) 26 (23) 106 (48)
Tacrolimus = othar 15(9) 5(2) 16 (14) 15
Others 1{1) ay 1{1) 2
U-CBT, indi cord blood U-BMT, bone marrow CH, HLA, human leukocyte antigen; CY,

BU, ol

yclophaospl CA, THI, total body
*Favorable abnormal karyctypes are defined as 1(8:21), invi6,ort(15:17).
fNumber of mismatches was countad among HLA-A, -B (low-resolution typing), and DRB1 (high-resciution typing).

jation; and SMTX, short-erm methotrexate.



