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In conclusion, the intensified dose of daunorubicin in the pres-
ent setting, that is, 50 mg/m? for 5 days, proved to be biologicaily
equivalent in terms of efficacy and no more toxic in terms of

" myelosuppression than the standard dose and schedule of idarubi-
cin, that is, 12 mg/m? for 3 days, for remission-induction therapy in
newly diagnosed younger patients (15 to 64 years old, median 47
years) with AML.
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Clinical studies using genetic randomization cannot accurately
answer whether adult patients with Philadelphia chromosome-
negative acute lymphoblastic leukemia (ALL) who have a
human leukocyte antigen (HLA)-matched sibling should under-
go allogeneic hematopoietic stem cell transplantation (HSCT)
or chemotherapy in first remission, as, in these studies,
patients without a sibling donor undergo alternative donor
transplantation or chemotherapy alone after a relapse. There-
fore, we performed a decision analysis to identify the optimal
strategy in this setting. Transition probabilities and utilities
were estimated from prospective studies of the Japan Adult
Leukemia Study Group, the database of the Japan Society for
Hematopoietic Cell Transplantation and the literature.
The primary outcome measure was the 10-year survival
probability with or without quality of life (QOL) adjustments,
Subgroup analyses were performed according to risk
stratification on the basis of white blood cell count and
cytogenetics, and according to age stratification. In analyses
without QOL adjustments, allogeneic HSCT in first remission
was superior in the whole population (48.3 vs 32.6%) and in
all subgroups. With QOL adjustments, a similar tendency
was conserved (44.9 vs 31.7% in the whole population). To
improve the probability of long-term survival, allogeneic HSCT
in first remission is recommended for patients who have an
HLA-matched sibling.
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Introduction

With modern intensive chemotherapy, 74-93% of adult patients
with acute lymphoblastic leukemia (ALL) achieve complete
remission. However, the overall survival rate is only 27-48%
because of the high rate of relapse.' Therefore, the establish-
ment of optimal postremission therapy is important. The efficacy
of allogeneic hematopoietic stem cell transplantation (HSCT) for
adult patients with ALL in first remission has been demonstrated
through clinical studies using genetic randomization, in which
patients with a human leukocyte antigen (HLA)-matched sibling
donor were allocated to the allogeneic HSCT arm, and those
without a donor were placed in the chemotherapy or autologous
transplantation arm. First, the LALA-87 trial showed that overall
survival in patients with a donor was better than that in patients
without a donor in a subgroup analysis of patients with high-risk
characteristics.> A meta-analysis of seven similar studies
confirmed that the donor group was superior to the non-donor
group in patients with high-risk ALL in first remission.?
However, such genetic randomization studies cannot accurately
answer the question of whether patients with an HLA-matched
sibling should undergo allogeneic HSCT or chemotherapy in
first remission. In these studies, patients without a sibling donor
had to choose transplantation from an alternative donor or
chemotherapy alone once they had a relapse. The outcome of
these treatments has been reported to be inferior to that of HSCT
from an HLA-matched sibling donor in patients with relapsed
ALL; therefore, the expected survival after the decision to
continue chemotherapy in first remission in patients without a
sibling donor is assumed to be originally poorer than that in
patients with a sibling donor. However, it is practically difficult
to perform a clinical trial in which patients with an
HLA-matched sibling in first remission are randomly assigned
to receive allogeneic HSCT or chemotherapy alone. Another
important problem has been poor compliance with the assigned
treatment in some studies. In addition, previous genetic
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randomization studies did not consider the quality of life
(QOL), especially that associated with graft-versus-host disease
(GVHD). Therefore, we performed a decision analysis incorpo-
rating QOL adjustments using a decision tree based on the
results of Japan Adult Leukemia Study Group (JALSG) prospec-
tive studies (ALL93* and ALL97°), the database of the Japan
Society for Hematopoietic Cell Transplantation JSHCT)® and
literature. Patients with Philadelphia chromosome (Ph)-positive
ALL were not included in our analysis because the outcome of
treatment in these patients has improved dramatically since
tyrosine kinase inhibitors became available.”

Recently, the Medical Research Council/Eastern Cooperative
Oncology Group (MRC/ECOQ) trial demonstrated the efficacy
of allogeneic HSCT in ALL patients and in standard-risk patients,
but not in high-risk patients,®> which was inconsistent with
previous studies. This difference might partly depend on the
definition of high-risk patients. In the MRC/ECOG study, an age
of higher than 35 years was considered to be a high-risk factor.
Therefore, we performed separate subgroup analyses according
to risk stratification on the basis of white blood cell count and
cytogenetics, and according to age stratification with a cutoff of
35 years.

Methods

Model structure

We constructed a decision tree (Figure 1) to identify the optimal
treatment strategy for adult patients with Ph-negative ALL in first
remission who have an HLA-matched sibling.”'® The square at
the left represents a decision node. We can decide to either
proceed to allogeneic HSCT or continue chemotherapy in first
remission. We did not include a decision to perform autologous
HSCT, as autologous HSCT has not been shown to be superior to
chemotherapy alone in a meta-analysis.? Circles, called chance

HSGT in CR1

nodes, follow each decision, and each chance node has two
or three possible outcomes with a specific probability called
the transition probability (TP). Every branch finally ends with

“triangles, called terminal nodes, and each terminal node has

an assigned payoff value, called utility, according to different
health states. Calculations were performed backward, from right
to left in the decision tree. The sum of the products of TPs and
utilities of the branches becomes the expected value for each
chance node, and eventually the sum of the expected values in
all of the chance nodes following the decision nodes becomes
the expected value of each decision. The following analyses were
performed using TreeAge Pro 2009 software (Williamstown, MA,
USA). This study was approved by the Committee for Nationwide
Survey Data Management of JSHCT, and the Institutional Review
Board of Jichi Medical University.

Data sources
Outcomes after continuing chemotherapy in first remission were
estimated from JASLG studies (ALL93 and ALL97). Patients with
Ph-negative ALL, aged 15-54 years, were included, and those
who never achieved remission with chemotherapy were
excluded. Data from 122 patients in ALL93 and 119 patients
from ALL97 were analyzed separately, and then combined by
weighting the number of patients. Outcomes after allogeneic
HSCT in various disease statuses were estimated from the
database of the JSHCT. Patients with Ph-negative ALL, aged
16-54 years, who underwent a first myeloablative allogeneic
HSCT from a serologically HLA-A, -B, -DR loci-matched sibling
between 1993 and 2007 were included. Of them, 408, 61, 14
and 94 patients were in first remission, second remission, third
or later remission and non-remission, respectively, at allogeneic
HSCT.

The characteristics of the patients included in this study are
summarized in Table 1. There was no significant difference in
their baseline characteristics. To determine the following TPs,

No HSCT” in CR1

Alive without
relapse

1 chemotherapy

Figure 1

HSCT in CR2

\lDeamH

Decision tree used in this study. Decision analysis was performed on the basis of a decision tree. A square indicates a decision node and

open circles indicate chance nodes. In analyses with a QOL adjustment, ‘Alive” after transplantation was followed by two branches with or without
active chronic GVHD. *HSCT was not performed because of early relapse, death and so on. ALL, acute lymphoblastic leukemia; CR, complete

remission; NRM, non-relapse mortality.

Leukemia
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Table 1 Patient characteristics in the three data sources
Chemotherapy in CR1 HSCT in CR1 pa
JALSG ALLS3 JALSG ALL97 JSHCT
No. of patients 122 119 408
Median age (range) 26 (15-54) 26 (15-54) 29 (16-54) 0.72
No. of males/females 72/50 54/65 230/178 0.06
Median WBC count at dlagnosss (range) ( x 10%) 9.5 (0.6-468.0) 10.2 (0.3-398.0) 10.4 (0.4-801.0) 0.91
Karyotype standard:high®, ratio 20:1 30:1 15.4:1 0.55
Abbreviations: CR, complete remission; HSCT, hematopoietic stem cell transplantation; JALSG, Japan Adult Leukemia Study Group; JSHCT,
Japan Society for Hematopoietic Cell Transplantation WBC, white blood cell.
aSta’as‘acal analyses were performed using the Kruskal-Wallis test for continuous variables and the x?-test for categorical variables.
P(4;11) and t(1;19) were classified as high-risk karyotypes, and other karyotypes were classified as standard risk.

overall survival and leukemia-free survival (LFS) with a 95%  Table 2 Transition probabilities of the whole population
confidence interval (Cl) were calculated using the Kaplan-Meier
method, whereas the cumulative incidences of non-relapse Baseline value
mortality and relapse with 95% Cl were calculated using (plausible range)
Gray’s method,"" considering each other as a competing risk. :
Prqbabilities that we could not estimate from these data were ;'h‘snga‘:n1 g?éars following HSCT in CR1 822 Eg gg:gggg
estimated from the literature. HSCT after failure of HSCT in CR1 5(0.3-0.7)

Alive at 10 years following HSCT after failure 0. 27 (0.16-0.38)

of HSCT in CR1?
Transition probabilities (TPs) and utilities - Alive at 10 years without relapse following CTx 0.21 (0.15-0.28)
TPs of the whole population were determined as summarized in ~ NRM at 10 years following CTx ) 0. 07 (0.04-0.10)
Table 2. Each TP has a baseline value and a plausible range. ﬁg!g@{yz_ament of CR2 after relapse following CTx 4(0.3-0.9)

. .. . in CR2 0. 66 (0.5-0.80)
Base!.me decision analyses were performed on the basis of  apc 4t 10 years following HSCT in CR2 o. 38 (0.27-0.53)
baseline values. HSCT after failure of HSCT in CR2 5(0.3-0.7)

Patients may have been precluded from undergoing allo- Alive at 10 years following HSCT after failure of 0. 18 0.16-0.2)
geneic HSCT because of early relapse or comorbidities even HSCT in CR2" ]
if they decided to undergo allogeneic HSCT, and therefore the ~ HSCT in non-CR after relapse following CTx 0.5 (0.3-0.7)
TP of actually undergoing allogeneic HSCT in first remission Qfl'lt\(/; Z{I;é)sgears following HSCT in non-CR 016 (0.1-0.27)
after the decision brangh to undergo alloge.nelc HSCT was Rate of active GVHD at 10 years® 0.18 (0.1-0.25)
determined as follows: first, the median duration between the — —
achievement of first remission and HSCT without relapse was ~ Abbreviations: CR, complete remission; CTx, chemotherapy; GVHD,
calculated as 152 days on the basis of JSHCT data. Next, LFS g;i&xgﬁigﬁ:;:%se’ HSCT, hematopoietic stem cell transplanta-
L X Lo s , pse mortality.
rates at 152 days after achieving first remission were calculated  a1js rate was estimated from the survival rate following HSCT in
using the data of all patients who achieved remission in the CR2 and HSCT in non-CR.
JALSG studies, and the combined LFS was 0.80 (95% CI: This rate was estimated from the survival rate following HSCT in
0.76-0.85). We considered this to be the TP for actually =~ CR3 or more and HSCT in non-CR.
receiving HSCT in first remission, and assigned a baseline value lgi:aen\}i'ga;e%e;’:gg %Tlg\sgggs}fslec??giggjsugigaa::;fagfeg
of 0.80 and 95% Cl to the plausxb.le range. Sm?llarly, patients but one-way sensitivity analyses were performed separately in each
may be precluded from undergoing allogeneic HSCT even status.
though they have achieved second remission after they had a
relapse of leukemia following a decision to continue chemo-
therapy This TP of undergoing allogeneic HSCT in second
remission could not be calculated from our data. We assigneda  following chemotherapy was determined by subtracting the sum
plausible range of 0.5-0.80; the former value was the only  of these TPs from 1. The TP of achieving second remission after
available rate in a large study12 and the latter was the TP relapse in patients who decided not to undergo allogeneic HSCT
calculated above. The median of this range was taken as the in first remission was estimated to have a baseline value of 0.4,
baseline value. Probabilities regarding the actual rate of  with a plausible range of 0.3-0.5 based on the literature.’>"14
receiving HSCT in other disease statuses could not be obtained, The primary outcome measure was the 10-year survival
even in the literature. Therefore, a baseline value of 0.5 was probability as described in the Discussion. The survival curve
assigned with a wide plausible range of 0.3-0.7, although these ~  nearly reaches a plateau after 5 years and therefore ‘Alive at 10
values may not be closely related to the final expected value, as  years’ reflects ‘Cure of leukemia’, which is the primary goal of
the probability of survival after receiving HSCT in these  allogeneic HSCT. First, we considered only two kinds of health
situations was extremely low. The TPs of ‘Alive at 10 years’ states, ‘Alive at 10 years’ and ‘Dead’, and assigned utility values
following HSCT in various disease statuses were determined on ~ of 100 to the former and O to the latter without considering
the basis of the JSHCT database. We assigned 95% Cl to the ~ QOL. Next, we performed a decision analysis while adjusting
plausible ranges. for QOL. ‘Alive after chemotherapy without relapse at 10 years’,
The TPs of ‘Alive without relapse at 10 years’ and non-relapse ‘Alive with active GVHD at 10 years’ and ‘Alive without active
mortality following chemotherapy in first remission were ~ GVHD at 10 years’ were considered as different health states,
determined on the basis of JALSG studies, and the TP of relapse ~ The proportion of patients with active GVHD among those who
Leukemia
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Table 3 Transition probabilities of subgroups
Baseline value (plausible range)
Standard-risk High-risk Lower age Higher age
HSCT in CR1 0.86 (0.81-0.92)  0.65 (0.54-0.77)  0.81 (0.76-0.86)  0.80 (0.72-0.87

Alive at 10 years following HSCT in CR1

Alive at 10 years following HSCT after failure of HSCT in CR1
Alive at 10 years without relapse following CTx

NRM at 10 years following CTx

HSCT in CR2

Alive at 10 years following HSCT in CR2

Alive at 10 years following HSCT after failure of HSCT in CR2?
Alive at 10 years following HSCT in non-CR after relapse

)
0.6 (0.53-0.68)
0.31 (0.24-0.38)
0.27 (0.18-0.37)
0.06 (0.02-0.11)
0.68 (0.5-0.86)
0.38 (0.23-0.61)
0.24 (0.12-0.45)
0.24 (0.12-0.45)

0.51 (0.4-0.66)
0.28 (0.13-0.43)
0.13 (0.03-0.22)
0.07 (0-0.14)
0.58 (0.5-0.65)
0.43 (0.22-0.84)
0.13 (0.05-0.35)
0.13 (0.05-0.35)

0.62 (0.55-0.69)
0.3 (0.21-0.39)
0.19 (0.11-0.27)
0.04 (0.01-0.08)
0.66 (0.5-0.81)
0.39 (0.26-0.58)
0.21 (0.12-0.36)
0.21 (0.12-0.36)

)
0.48 {0.39~0.58)
0.23 (0.11-0.35)
0.25 (0.16-0.35)
0.11 (0.05-0.18)
0.65 (0.5-0.80)
0.35 (0.19-0.64)
0.11 (0.04-0.3)
0.11 (0.04-0.3)

Abbreviations: CR, complete remission; CTx, chemotherapy; HSCT, hematopoietic stem cell transplantation; NRM, non-relapse mortality.
Transition probabilities that are not in Table 3 are the same as those mentioned in the whole population.
8As the number of patients who underwent HSCT in CR3 or more was not enough, the same rate of survival following HSCT in non-CR was used.

were alive at 10 years was determined on the basis of the
literature.”™'7 We assigned a value of 100 to the utility for being
alive without relapse at 10 years after chemotherapy alone, and
a value of 0 to the utility for being dead in all situations. We
assigned a fixed value of 98 to the utility for being alive without
active GVHD at 10 years following HSCT, and assigned a value
of 70 with a wide plausible range of 0-98 to the utility for being
alive with active GVHD at 10 years. These utilities were
determined on the basis of opinions of 10 doctors who were
familiar with HSCT and the literature. '8

Subgroup analyses were also performed according to risk
stratification on the basis of white blood cell count and
cytogenetics, and according to age stratification with a cutoff
of 35 years. Patients with a high white blood cell count (more
than 30 x 10%1 for B lineage and more than 100 x 10/ for
T lineage) and/or with t(4;11) or (1;19) were classified as a high-
risk group, and all other patients were classified as standard-risk
group. All TPs, based on the JALSG studies and the JSHCT data,
were recalculated using the data of patients in each subgroup
(Table 3). Other TPs and utilities were the same as those for the
overall patient analyses.

Sensitivity analyses

To evaluate the robustness of the decision model, we performed
one-way sensitivity analyses for all TPs, in which the decision
tree was recalculated by varying each TP value in its plausible
range, and confirmed whether the decision of the baseline
analyses changed. In the analyses that included adjustments for
QOL, the utility for being alive with active GVHD at 10 years
was also subjected to a one-way sensitivity analysis.

We also performed a probabilistic sensitivity analysis using
Monte Carlo simulation in which the uncertainties of all TPs
were considered simultaneously.’® The distribution of the
random variables for each TP was determined to follow a
normal distribution, with 95% of the random variables included
in the plausible range. Following 1000 simulations based on the
decision tree, the mean and s.d. of the expected value for each
decision were calculated.

Results
Baseline analysis

The baseline analysis in the whole population without adjusting
for QOL revealed an expected 10-year survival of 48.3% for the
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Table 4 Expected 10-year survival probabilities with and without
adjusting for QOL

Expected survival Expected survival
probability without probability with a
a QOL adjustment QOL adjustment

HSCT Chemotherapy HSCT Chemotherapy

(%) (%) (%) (%)
All patients 48.3 32.6 44.9 31.7
Standard-risk patients 53.8 39.8 50.0 38.9
High-risk patients 38.0 25.0 35.4 241
Lower-aged patients®  53.1 32.9 49.3 31.9
Higher-aged patients® 40.7 33.4 37.8 32.8
Abbreviation: HSCT, hematopoietic stem cell transplantation; QOL,

quality of life
®Lower-aged patients include those aged 35 years or younger. Higher-
aged patients include those aged older than 35 years.

decision to perform allogeneic HSCT in first remission, which
was better than that of 32.6% for the decision to continue
chemotherapy. The decision to perform allogeneic HSCT
continued to be superior even after adjusting for QOL (44.9%
for HSCT vs 31.7% for chemotherapy, Table 4).

Sensitivity analysis

First, we performed one-way sensitivity analyses for all TPs in
the decision model without adjusting for QOL. A better
expected survival for the decision to perform HSCT was
consistently demonstrated in all TPs within the plausible ranges.
In the probabilistic sensitivity analysis, the mean value and s.d.
of the expected survival probability for HSCT were 48.3 and
2.6%, and those for chemotherapy were 32.7 and 3.4%,
respectively.

Next, we performed one-way sensitivity analyses for all TPs
and for the utility for being alive with active GVHD at 10 years
in the decision model adjusted for QOL. Even in these analyses,
the result of the baseline analysis did not reverse in all TPs. In
addition, a higher expected survival probability for HSCT was
retained, assuming that the utility for being alive with active
GVHD ranged between 0 and 98 (Figure 2a). In the probabilistic
sensitivity analysis, the mean value and s.d. of the expected
survival probability for HSCT were 44.8 and 2.6%, and those for
chemotherapy were 31.8 and 3.4%, respectively.
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Figure 2 One-way sensitivity analysis for the utility for being alive with active GVHD. We performed one-way sensitivity analyses for the utility
for being alive with active GVHD in the model, with adjustment for QOL. The superiority of allogeneic HSCT compared with chemotherapy (CTx)
was consistently observed even with a wide plausible range of the utility in the whole population (@) and all subgroups (b-e).
Subgroup analyses trial is practically difficult to perform. In the present case, a
In subgroup analyses, both with and without adjustment for  prospective trial to randomly assign patients with ALL in first
QOL, a better expected survival probability for HSCT was  remission who have an HLA-matched sibling to undergo
consistently observed in all subgroups (Table 4). allogeneic HSCT or chemotherapy alone is practically difficult,
We also performed one-way sensitivity analyses in all ~ Therefore, we tried to determine the optimal strategy in this
subgroups. In the decision model without adjusting for QOL,  clinical situation by using a decision analysis. We chose the
varying each TP value in its plausible range did not affect 10-year survival probability as the primary outcome measure
the results of baseline analyses in all subgroups, except for  rather than life expectancy, as the cure rate, rather than how
higher-aged patients. In higher-aged patients, the result of the  long they can survive, is important for young patients with acute
baseline analysis reversed only if the probability of LFS at  leukemia to make a decision whether they should undergo
10 years following chemotherapy in first remission was more  allogeneic HSCT in first remission. When we performed the
than 0.334. Even in the decision model with adjustment for  decision analysis using the 5-year survival probability as the
QOL, varying each TP value did not affect the result of the  primary outcome measure, however, the findings in this study
baseline analyses in all subgroups, except for higher-aged  did not change, as the survival curve nearly reaches a plateau
patients. In higher-aged patients, the result reversed in favor  after 5 years. Further, we adjusted for QOL by considering the
of chemotherapy if the probability of LFS at 10 years without  presence or absence of persisting symptoms associated with
relapse following chemotherapy was more than 0.307  chronic GVHD rather than by calculating quality-adjusted life
(Figure 3a) or the probability of overall survival at 10 years  years, as most patients who choose allogeneic HSCT may
following HSCT in first remission was less than 0.413  tolerate transiently impaired QOL and attach much importance
(Figure 3b). On the other hand, non-relapse mortality at  to long-term QOL. Under these conditions, we decided to use
10 years following chemotherapy did not affect the result. We  a simple decision analysis model rather than a Markov model
also performed one-way sensitivity analyses for the utility of  that allows probabilities and utilities to change with time, as the
being alive with active GVHD ranging between 0 and 98. benefit of using a Markov model is limited in this situation. In
A higher expected survival probability for HSCT was retained  addition, a large number of patients are required for the Markov
in all subgroups (Figures 2b—e). model to define appropriate TPs that change with time, In this
study, the number of patients was limited because we used data
from the JALSG prospective studies to avoid biases of using
Discussion retrospective data. We used the database of the JSHCT to
calculate TPs in patients who underwent HSCT, because the
Decision analysis is a statistical technique that aids the clinical ~ number of patients who underwent HSCT was further limited
decision-making process under uncertainty. This approach has  in the JALSG prospective studies. However, outcomes after
also been used in situations in which a well-designed clinical ~ allogeneic HSCT in first remission were not significantly
Leukemia
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chemotherapy (CTx) was more than 0.307 (a), or the probability of overall survival at 10 years following allogeneic HSCT in first complete

remission (CR1) was less than 0.413 (b).

different among the JALSG prospective studies and the JSHCT
database (data not shown).

In our baseline analysis both with and without adjustment for
QOL, the superiority of HSCT in first remission was demon-
strated in the whole population and also in all subgroups. In the
whole population, probabilistic sensitivity analysis using a
Monte Carlo simulation also supported this result. However, in
one-way sensitivity analyses, we should note that the decision
model was sensitive to the probability of LFS following
chemotherapy in first remission in higher-aged patients
(Figure 3a). The adaptation of intensified chemotherapy
according to pediatric regimens has led to improved outcomes
in adolescents and young adults,*® and even in older patients in
recent trials,2' and therefore this decision might change in the
future.

The risk stratification we used in subgroup analyses was
different from that used in the MRC/ECOG study.a Therefore, we
added subgroup analyses according to the risk stratification used
in the MRC/ECOG study. In analyses without QOL adjustments,
allogeneic HSCT in first remission was superior both in
standard-risk (56.6 vs 36.2%) and high-risk (42.4 vs 33.3%)
patients. With QOL adjustments, the similar tendency was
observed in both standard-risk (52.6 vs 35.1%) and high-risk
(39.4 vs 32.6%) patients. These findings were consistent
with those based on our original risk stratification. In addition,
we further subdivided patients into four different age categories:
15-25, 26-35, 36-45 and 46~54 years. The superiority of the
decision to perform allogeneic HSCT in first remission was
conserved in all age categories (data not shown).

A possible concern in this study was the long median duration
of 152 days from achieving complete remission to allogeneic
HSCT. In the current decision model, this long duration
precluded allogeneic HSCT in first remission in about 20%
of patients in the allogeneic HSCT branch (mainly because of
early relapse), and thereby impaired the expected probability of
survival for the decision to undergo allogeneic HSCT. In reality,
a meta-regression analysis by Yanada et al® revealed that
compliance with allogeneic HSCT was significantly and
positively correlated with survival.® Another fact to be noted is
the low incidence of severe GVHD in Japanese patients, which
might have favorably affected the decision to perform HSCT.*
Therefore, the current conclusion should be cautiously applied
to Western patients.
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The QOL after HSCT is most strongly affected by the status of
chronic GVHD, but it is difficult to determine the appropriate
utility for each status of GVHD. Therefore, we performed a one-
way sensitivity analysis with a wide plausible range of the utility
for being alive with active GVHD. In our decision model, the
superiority of HSCT was consistently observed regardless of the
utility for being alive with active GVHD both in the whole
population and in all subgroups (Figure 2).

In conclusion, to improve the long-term probability of
survival, allogeneic HSCT in first remission is recommended
for all adult patients with Ph-negative ALL who have an HLA-
matched sibling. Even when we considered QOL, the super-
jority of HSCT was confirmed in the whole population and in all
subgroups. However, this result might change by the adaptation
of intensified chemotherapy, especially in higher-aged patients.
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High expression of 67-kDa laminin receptor relates to the proliferation
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Objective. The 67-kDa laminin receptor (LR) is a nonintegrin receptor for laminin, a major
component of the extracellular matrix. To elucidate the role of LR in leukemia cells, we
studied the relationship between the phenotype of leukemia cells and LR expression.

Materials and Methods. The relationship between clinical features of acute myeloid leukemia
and expression of LR was examined. LR was overexpressed or suppressed by the introduction
of complementary DNA or small interfering RNA for LR in a human leukemia cell line to test
the effect of LR on the phenotype of leukemia. Expression of granulocyte-macrophage colony-
stimulating factor receptors (GM-CSFR) was also tested in leukemia cells, including clinical
samples.

Results. Expression of LR was significantly related to elevation of white blood cell count,
lactate dehydrogenase, and survival among acute myeloid leukemia patients. Forced expres-
sion of LR enhanced proliferation, cell-cycle progression, and antiapoptosis of leukemia cells
associated with phosphorylation of a transcription factor, signal transducer and activator of
transcription 5, in the absence of stimulation by laminin. On the other hand, suppression of
LR expression had the opposite effects. The number of GM-CSFR increased in leukemia cells
overexpressing LR, and there was a significant relationship between the expression of LR and
GM-CSFR in acute myeloid leukemia samples.

Conclusions. These results suggest that LR expression influenced the characteristics of
leukemia cells toward an aggressive phenotype and increased the number of GM-CSFR.
These changes might be partly related to enhanced GM-CSF signaling. © 2011 ISEH -

Society for Hematology and Stem Cells. Published by Elsevier Inc.

Proliferation and differentiation of hematopoietic cells are
strictly regulated via intrinsic and extrinsic signals [1]. Signal
from the extracellular matrix (ECM), one of the extrinsic
signals, has a significant influence on the control of normal
and abnormal hematopoiesis [2,3]. For example, for prolifer-
ation and maintenance of leukemia-initiating cell, which is
capable of propagating full-blown leukemia, a specific

Offprint requests to: Yasushi Miyazaki, M.D., Hematology and Molec-
ular Medicine Unit, Atomic Bomb Disease Institute, Nagasaki University
Graduate School of Biomedical Sciences, 1-12-4 Sakamoto, Nagasaki
852-8523, Japan; E-mail: y-miyaza@nagasaki-u.ac.jp

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.exphem.2010.11.001.

environment called “niche” is required, in which ECM plays
a role [4-6]: stimulation from stromal cells through CD44
and its ligand [7,8] and that from the extracellular matrix
through very late antigen 4 and fibronectin [9].

Laminin belongs to a family of heterotrimetric glycopro-
teins composed of o, B, and y chains, which are major compo-
nents of ECM [10,11}]. There are > 12 laminin isoforms that
target multiple receptors on the cell surface. The functions
of laminin are widely divergent and include the following:
structural roles in the basement membrane, adhesion of
normal and malignant cells to the matrix, promotion of malig-
nant phenotypes, regulation of growth and metastasis of
tumors, and induction of apoptosis through, for example,
the Rho and phosphatidylinositol 3 kinase/Akt signaling

0301-472X/$ - see front matter. Copyright © 2011 ISEH - Society for Hematology and Stem Cells. Published by Elsevier Inc.
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pathways [12-14]. Hereditary abnormalities in laminins
result in congenital diseases, such as epidermolysis bullosa,
which produces skin fragility and congenital muscular
dystrophy [15,16].

Most of the receptors for laminin are in the integrin family,
but the 67-kD laminin receptor (LR) is a nonintegrin receptor
[10,11]. LR is widely expressed on cells in different tissues,
including hematopoietic cells, under both normal and patho-
logical conditions. LR expression relates to poor prognosis in
patients with solid tumors and the metastasis or progression of
breast and lung cancer, suggesting the importance of LR
expression in malignancy [17-19]. LR is also expressed
on various hematopoietic cells such as activated T cells
[20], CD34-positive peripheral blood cells mobilized by
granulocyte-colony stimulating factor [21], erythroid progen-
itor cells in bone marrow [22], and AML cells [23]; however,
its role in AML is not fully understood.

Granulocyte-macrophage colony-stimulation factor (GM-
CSF) is a myeloid hematopoietic cytokine with multiple
functions in immature and mature myeloid cells [24]. It has
a permissive role in the commitment of myeloid cells [25],
promotes growth of granulocytic and monocytic cells, and
activates mature myeloid cell functions. The physical and
functional relationship between LR and GM-CSF receptors
(GM-CSFR) was reported [26]. In that report, it was demon-
strated that LR binds to GM-CSFR a- and B-chains, which
modulate signaling through the GM-CSFR. Because GM-
CSF is an important cytokine for inflammation and host-
defense, this provided a new mechanistic basis for the control
of host-defense cells via GM-CSF.

These reports prompted us to elucidate the role of LR in
AML using clinical samples and leukemia cell lines. Our
results demonstrated that increased LR expression on
CD34-positive AML cells was related to high white blood
cell (WBC) count, elevated lactate dehydrogenase (LDH),
and poor prognosis among AML patients. Modulation of
the level of LR influenced proliferation and resistance to
apoptosis of, and GM-CSFR expression on, leukemia cells.
These data suggest important roles for LR in the biology of
AML.

Materials and methods

Clinical samples

Bone marrow cells were collected from 44 AML patients before
chemotherapy and 7 healthy volunteers, with permission, under
a protocol approved by the Internal Review Board of Nagasaki
University (approval no. 33-3). CD34-positive AML cells were
selected using Ficoll density gradient centrifugation and magnet
beads (CD34 Isolation Kit, Auburn, CA, USA) to minimize the
confounding effect of LR expression on mature myeloid cells [23].

Flow cytometric analysis
Flow cytometric data (FACScan, Becton Dickinson, San Jose, CA,
USA) were analyzed using CellQuest (Becton Dickinson) and

FlowJo (Tree Star, Ashland, OR, USA) software. Mean fluores-
cence intensity (MFI) ratio was calculated by dividing the MFI
of the target antigen by that of the respective nonspecific isotype
control. Anti-LR antibody (laminin receptor Ab-1, Clone MluCS5;
Neo Markers, Union City, CA, USA), phycoerythrin-labeled goat
anti-mouse IgM Fab fragment (Rockland Immunochemicals,
Gilbertsville, PA, USA), phycoerythrin-labeled anti-human GM-
CSFR a-antibody (Clone #31916; R & D Systems, Minneapolis,
MN, USA), and phycoerythrin-labeled isotype controls were
used for the analysis of both LR and GM-CSFR expression.

Modulation of LR expression on leukemia cells

We used the GM-CSF—dependent human leukemia cell lines TF-1
[27] and AML193 [28] to generate leukemia cells with high and
low level of LR expression. Wild-type TF-1, AML193, and their
related cells were maintained in RPMI-1640 with 10% fetal
bovine serum and 2 ng/mL human GM-CSF (R & D Systems).
A full-length complementary DNA of the human LR precursor
was cloned into a pCIl-neo expression plasmid (Promega, Madi-
son, WI, USA), and transfected into TF-1 and AML193 cells by
electroporation (Nucleofecta, Amaxa Biosystems, Gaithersburg,
MD, USA) to establish LR overexpression models (TF-1LR and
AMLI193LR). Empty pCl-neo plasmids were transfected into
TF-1 and AML193 for the controls (TF-1 Mock and AML193
Mock). We used a tetracycline-responsive small interfering RNA
(siRNA) method (BLOCK-iT Inducible H1 RNAi Entry Vector
kit; Invitrogen, Carlsbad, CA, USA) and established a TF-Isi
cell line to reduce LR expression. TF-1sic, which expressed
mutated LR siRNA, was also obtained as a control. The siRNA
sequences for LR and its control were as follows: siRNA (5-CCA
GUCCAGGCAGCCUUC-3') and mutated siRNA (5'-CCAGUCA
AGQCAGCCUUC—E)’ ). After transfection of the plasmids, each
cell line was cloned with G418 (Sigma, St Louis, MO, USA).

Cell growth assay

Cell growth was assessed in liquid culture using the Premix WST-1
Cell Proliferation Assay System (Takara Biochem, Tokyo, Japan).
For the colony-formation assay, cells (1.5 x 10° cells/well) were
cultured in a 24-well plate with RPMI-1640 medium, 3% methyl
cellulose, 20% fetal bovine serum, and GM-CSF (2 ng/mL). The
number of colonies was counted on day 6 of culture.

Cell-cycle analysis

After 48 hours of culture, the cell-cycle distribution of leukemia
cells was measured with a bromodeoxyuridine incorporation assay
(BrdU Flow kit, BD Pharmingen, Franklin Lakes, NJ, USA)
following manufacturer’s instructions.

Detection of Annexin-V/propidium iodide

Cell surface expression of Annexin-V was measured on day 4 of
culture under a low concentration of GM-CSF (0.04 ng/mL) using
an Annexin-V Fluos staining kit (Roche, Mannheim, Germany).

STATS phosphorylation

Phosphorylation of the signal transducer and activator of transcrip-
tion 5 (STATS5) protein was tested by flow cytometry using BD
Phosflow technology (BD Biosciences, Franklin Lakes, NIJ,
USA). After 16 hours of culture without serum and GM-CSF, cells
were stimulated with serum (10%) and GM-CSF (2 ng/mL).
Forty-five minutes after stimulation, the cells were stained with
antiphospho-STATS antibody (Y694, Clone #47; BD Biosciences)
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and processed as suggested by the manufacturer. MFI was used for
the quantification of phosphorylation.

Immunoprecipitation and immunoblotting

293T cells transfected with expression plasmids for the GM-CSFR
a-chain (cloned into p3XxFLAG-CMYV; Sigma) and for LR (cloned
into pcDNA3.1/V5-His; Invitrogen, Carlsbad, CA, USA) were dis-
rupted in lysis buffer (modified phosphate-buffered saline with
135 mM potassium, 5 mM sodium, 0.1% Triton X-100, and
protease inhibitor cocktails) with sonication. After clarification
by centrifugation, lysates were incubated with antibody against
the Flag- (Sigma) or V5- (Invitrogen) tag followed by protein G
Sepharose beads (Amersham Bioscience, Buckinghamshire,
UK). Immune complexes were washed with lysis buffer, released
into sample buffer, then target proteins were detected by immuno-
blotting using anti-Flag or anti-V5 antibody. For detection of
GM-CSFRa, cells were lysed using ProteoExtract Complete
Mammalian Proteome Extraction Kit (Calbiochem, San Diego,
CA, USA) and identified by immunoblotting using the primary
antibody against the GM-CSFR a-chain (Clone #31916; R & D
Systems) and B-actin (Abcam, Cambridge, UK) with a peroxi-
dase-labeled secondary antibody (Amersham) and an enhanced
chemiluminescence system (ECL Advance Western Blotting
Detection Kit, GE Healthcare Bio-Sciences, Buckinghamshire,
UK). Quantification of Western blot bands was performed using
AE-6982/C/FC and CS Analyzer ver 3.0 Software (ATTO Co.,
Tokyo, Japan).

Statistical analysis

Results of in vitro experiments are presented as mean * standard
deviation of three independent experiments and were compared
using a one-way analysis of variance followed by Scheffe’s
multiple comparison test. The correlation between the intensity
ratio of 67-kDa LR and GM-CSFRa was estimated by the Pearson
correlation. Comparisons of patient characteristics between groups
were performed using the Wilcoxon test or x* test. Overall
survival (OS) for all patients was defined as the interval from
the date of diagnosis to that of death. We applied the Kaplan-
Meier method to estimate OS and compared the data using the
log-rank test. The statistical analyses were performed using the
SAS 9.1 software (SAS Japan Institute, Tokyo, Japan). A p value
of 0.05 was considered statistically significant for all analyses.

Results

Expression of LR on AML cells

We measured LR expression on CD34-positive AML and
normal bone marrow cells using a flow cytometer (Fig. 1).
LR expression was also detected in more immature AML cells
selected by the expression of CD133 at 10%, 32%, and 80% in
three cases tested. However, because of the very limited avail-
ability of CD133-positive AML cells from clinical samples, in
this study we used a CD34-positive fraction for the analysis.
Although normal CD34-positive cells showed relatively low
expression of LR, it was widely different in AML cells.
Because the normal CD34-positive cells showed up to 25%
of positivity of LR expression, we divided AML cases into
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Figure 1. Surface expression of LR on CD34-positive cells. Expression of
67-kD LR was examined in the CD34-positive fraction of AML cells and that
of bone marrow cells from healthy volunteer by flow cytometry. AML cases
were divided into two groups based on the rate of LR expression: a high-
expression group (LR-H, LR-positive cells at =25%) and a low-expression
group (LR-L, LR-positive cells at <25%).

E %é%sg@':%oo% §B c@o ®

two groups using 25% as a boundary: a high LR-expression
group (LR-H, having LR-positive cells at 25% or more) and
a low expression group (LR-L, <25% LR-positive cells).
The clinical characteristics of the 44 patients in the LR-H
and LR-L groups are shown in Table 1. WBC count and
LDH level were significantly higher in the LR-H than in the
LH-L group, suggesting that expression of LR on CD34-

. positive AML cells was associated with a large volume of

AML cells at diagnosis. The relationship between LR expres-
sion with both WBC and LDH remained significant when
these factors were treated as a continuum (Supplementary
Figure E1; online only, available at www.exphem.org). Remis-
sion rate and OS of LR-H was also significantly worse than
LR-L (p = 0.03 and 0.0004, respectively; Table 1). The impact
of LR expression on OS was still significant for restricted
patients who were treated with almost uniform, intensive
chemotherapy protocols [29] (Supplementary Figure E2;
online only, available at www.exphem.org).

LR expression level was related to leukemia cell growth

Using a GM-CSF—dependent human leukemia cell line
(TF-1), we established cell lines that overexpressed surface
LR (TF-1LR), TF-1 with reduced LR expression using
siRNA (TF-1si), and their controls (Fig. 2A; TF-1LRc
and TF-1sic, respectively) as described in Materials and
Methods. These lines were cloned after selection in the
presence of G418. There was a clear difference in the
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Table 1. Clinical and laboratory features of the patients in LR-H and
LR-L groups

No. of patients LR-L LR-H p Value
Total 24 20
Sex 0.37
Male 15 15
Female 9 5
Age (y), median (range) 56.5 61.5 0.36
Range 19—-89 20-80
FAB classification 0.48
MO 0 2
M1 3 1
M2 11 7
M4 5 6
M5 1 2
M6 2 1
M7 1 0
MDS 2 1
Cytogenetics risk group ' 0.47
Favorable 3 2
Intermediate 11 6
Unfavorable 10 12
WBC category 0.04
>20,000/pL 5 10
=20,000/uL 19 5
LDH category 0.02
=2 N 6 12
<2 N 18 8
Complete remission rate (%) 83 55 0.03
Median overall survival (d) 803 239 0.0004
Treatment regimen 0.3
Intensive chemotherapy 19 13
Low-dose chmotherapy 1 3
Chemotherapy for the elderly 4 5

Cytogenetic risk group: Favorable, t(8;21), inv(16); Intermediate, normal
karyotype, other karyotype than Favorable or Unfavorable; Unfavorable,
complex, ~7, del(5q), —5. :

LDH group was defined as follows: less than or equal to more than twice
(2 N) the upper limit of the institutional normal range of LDH.

MDS = myelodysplastic syndromes.

growth of the cell lines as assessed by the WST-1 assay:
higher LR expression was correlated with accelerated
proliferation (Fig. 2B). To test the effect of signaling
from LR on cell proliferation, we next performed the
same experiments using dishes coated with laminin for
culture. However, there was no difference in growth of
these cells with or without stimulation by laminin even in
cells expressing high level of LR (TF-1LR) (data not
shown). This suggested that it is not the stimulation by lam-
inin but the expression level of LR itself that had a signifi-
cant effect on the growth of TE-1—related cells. Afterward,
we used culture conditions without stimulation by laminin.

Growth of TF-1—related cells in semi-solid media was
also affected by expression of LR. The number of colonies
increased along with LR expression level (Fig. 2C).
Morphology of cells in colonies was that of immature cells
with no sign of differentiation (data not shown). In terms of
the cell-cycle distribution, TF-1LR showed the higher

percentage of cells in the S phase and the lower percentage
in the Gy/G; phase than its control, TF-1Mock (Table 2,
Fig. 2D). In contrast, TF-1si, which had the lowest LR
expression level, showed a greater accumulation of cells
in the Gy/G; phase and a smaller percentage of cells in
the S phase compared to its control (TF-1sic) and TF-
1LR (Table 2, Fig. 2D). Because these changes in TF-1
and related cells were observed without laminin stimula-
tion, we thought that LR expression and not LR signaling
played a role in the change of leukemia cell phenotype.

LR expression conferred resistance to apoptosis

in TF-1 cells

Because of the dependence on GM-CSF, a reduction in its
concentration leads to apoptosis of TF-1. When TF-1LR
was cultured in one-thirtieth the concentration of GM-
CSF, it showed resistance against apoptosis as judged by
Annexin-V expression. In contrast, the number of apoptotic
cells increased in the TF-1si cell line compared with their
controls and parental cells (Fig. 3A and B). These data
showed that LR expression was not only related to prolifer-
ation but also to antiapoptosis of leukemia cells.

STATS phosphorylation was modified by LR

expression level

Phenotypic change observed in TF-1LR was similar with
that under the effect of GM-CSF, such as enhanced prolif-
eration, reduced apoptosis, and acceleration of the cell
cycle. This led us to test whether the GM-CSF signaling
pathway was modified in TF-1LR and TF-1si cells.
STATS protein, an important transcription factor for hema-
topoietic cells, is located downstream in the signaling
pathway from GM-CSFR, and STATS is phosphorylated
after GM-CSF stimulation, which is necessary for its acti-
vation [30]. The STAT5 phosphorylation level measured
by flow cytometry was higher in TF-1LR and lower in
TF-1si than their controls and wild-type cells (Fig. 3C
and D), suggesting that modification of STATS activity in
TF-1—derived cells was related to LR expression level.

Association of GM-CSFR and LR

To address how LR expression modulated STATS5 phos-
phorylation, we next tested whether LR physically interacts
with GM-CSFR o-chain (GM-CSFRa). Using 293T cells
transfected with LR and GM-CSFRa expression plasmids,
immunoprecipitation and immunoblotting experiments
demonstrated that LR and GM-CSFRa were present in
the same protein complex (Fig. 4A), confirming previously
reported results [26]. Immunoprecipitation experiments
using in vitro translated LR and GM-CSFRa also showed
the association of these proteins (data not shown).

Surface expression of GM-CSFRa on leukemia cell lines
and AML cells

Because GM-CSFRa and LR interacted physically, we exam-
ined the surface expression of GM-CSFRa on TF-1 cell lines
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Figure 2. Expression or suppression of LR on leukemia cells modulated the growth characteristics of leukemia cells. (A) Surface expression of LR on wild-
type TF-1, TF-1LR, and TF-1si was 64%, 92%, and 36%, respectively. Histogram overlays show the data of isotype control (dotted lines) and the anti-LR
antibody (bold lines). TF-1LR, TF-1 cells overexpressing cDNA of human LR; TF-1si, TF-1 cells with reduced LR expression using tetracycline-responsive
siRNA for LR; TF-1sic, control cells for TF-1si that expressed mutated LR siRNA. (B) Growth of wild-type (thin line), TF-1 Mock (broken line), TF-1 LR.
(bold line), TF-1si (dotted line), and TF-1sic (dot-dash line) were assessed using the WST-1 assay. Data from three independent experiments are shown. (C)
Cells (1.5 x 10% cells/well) were cultured in semi-solid media with GM-CSF. The number of colonies was counted on day 6 of culture. The number of
colonies were: TF-1LR, 300 * 10 colonies/1500 cells; (D) Cell cycle distribution (shown as %) assessed with BrdU assay in TF-1 related cell lines. *statis-
tically significant difference with p < 0.005, control cells (TF-1 Mock), 91 = 8 colonies, TF-1si, 46 % 3 colonies and TF-1sic, 76 = 6 colonies (*p < 0.05).

Wild, wild-type TF-1; Mock; TF-1 Mock.

by flow cytometry. GM-CSFRa expression was upregulated in
TF-1LR and downregulated in TF-1si compared with controls
(Fig. 4B). In another GM-CSF—dependent human myeloid
leukemia cell line, AML193, the forced expression of LR
also conferred an increased level of GM-CSFRa on the cell
surface (data not shown). However, the message level
(detected by quantitative PCR, Supplementary Figure E3A;
online only, available at www.exphem.org) and the total
amount of GM-CSFRa protein (measured by immunoblotting
and densitometer) were quite similar despite the levels of LR
among these cells (Fig. 4C and Supplementary Figure E3B;
online only, available at www.exphem.org). Flow cytometric
analysis revealed a statistically significant relationship
between the ratio of MFI of LR and GM-CSFRa in CD34-
positive AML cells obtained from clinical samples (p =
0.02, Fig. 4D). There was still significant relationship
among those parameters even when data of the highest LR/
IgH in Figure 4D, or two data of the highest LR/IgH and
GM-CSFRa/IgG were removed (Supplementary Figure E4;
online only, available at www.exphem.org).

Discussion

In the present study, we demonstrated that LR was ex-
pressed on AML cells and its high expression level was
significantly related to the elevated WBC and LDH, and
to the outcome of treatments such as remission rate and
OS. Forced expression of LR increased expression of
GM-CSFRa on the surface of both TF-1 and AML193 cells
and conferred features of an aggressive nature on leukemia
cells, such as enhanced proliferation and resistance against
apoptosis. In contrast, the reduction of LR expression re-
sulted in the decrease in GM-CSFRoa expression and
inversely changed the character of the leukemia cells. It
is presumed that clinical features among patients with
high LR expression (LR-H group) were in accordance
with results obtained using the leukemia cell lines, further
suggesting the biological significance of LR expression in
AML, which was not apparent in the previous report by
Montuori et al. [23]. Because LR is widely expressed in
immature to mature hematopoietic cells [12,20,21], it is
assumed that the difference in target cells to detect LR
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Table 2. Cell-cycle analysis in different cell lines

Phase (%)
Cell line Go/G, S Gy/M
TF-1LR 522 = 05" 407 = 1.47 7.1 %09
Mock 61.1 = 1.8Y 317 = 1.9% 72 %02
Wwild 58.6 = 0.2"V 33.6 £ 0.1% 7.7 £ 0.1%
TF-1sic 58.5 = 0.5% 357 = 1.4 7.1 £0.8°
TF-1si 68.4 £ 1.7V 272 25 44 * 13

Values in each column represent mean percentage of cells in each cell-
cycle phase * standard deviation of three independent experiments.
VWXYZStatistically different in each cell cycle phase among different cell
lines (p < 0.05).

influenced the results: mononucléar cells in the previous
report and CD34-positive AML cells in this study.

To our surprise, for the phenotypic changes in leukemia
cells, stimulation with laminin was not necessary. It is inter-
esting that not the signaling from, but the expression of, LR
did influence the phenotype of AML cells. Because LR
binds the prion protein supporting its internalization [31],
LR could bind and act to modulate the metabolism of other
proteins, which might contribute to the change of leukemia
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phenotype. This hypothesis prompted us to study the rela-
tionship of LR and GM-CSFR.

Our results suggest that LR expression on leukemia cells’
enhanced signaling from surface GM-CSFR by increasing its
number, which is supported by the in vitro experiments
(elevated phosphorylation level of STATS in TF-1LR) and
the significant relationship between LR expression and
MHI of GM-CSFRa on the surface of CD34-positive AML
cells obtained from patients. These results seemed to oppose
those of a previous report by Chen et al., in which they
showed that the physical interaction of LR and GM-CSFR
inhibited GM-CSF—induced receptor complex formation,
and stimulation of cells with laminin canceled the inhibitory
effect of LR on GM-SCEFR complex formation in neutrophils
[26]. However, the role of LR with GM-CSFR could be
different by lineage and stage of differentiation in hemato-
poietic cells, as the function of GM-CSF on hematopoietic
cells is quite divergent in immature progenitors and differen-
tiated myeloid cells, such as neutrophils [28,32].

Although the surface expression of GM-CSFRa was
modulated along with the level of LR expression, the total
amount of GM-CSFRa protein in whole-cell lysates did not
change. Considering the direct association of LR and
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Figure 3. Apoptosis and phosphorylation of STATS in TF-1-related cell lines. Cells were cultured in medium with a low concentration of GM-CSF
(0.1 ng/mL); then apoptotic cells were assessed using Annexin-V expression and propidium iodide (PI) staining at day 4 of culture. (A) One representative
experiment is shown. (B) Data from three independent experiments (*standard deviation) are shown as a bar graph. There were statistically significant differ-
ences in apoptosis among cell lines (Annexin-V* PI™, Annexin-V—positive and PI-negative cells; *p < 0.05). (C) Flow cytometric detection of STATS
phosphorylation (P-stat5). After 16 hours of culture without serum, cells were incubated with anti—phospho-STATS5 antibody, and then stimulated with serum
and GM-CSF. Data of representative experiments are shown. (D) Results of P-stat5 in TF-1 related cells are presented as mean * standard deviation of three
independent experiments. MFI of STAT5 was higher in TF-1LR than that in the control (265 = 39 and 158 * 54, respectively), and lower in TF-1si than that

in its control (72 = 9.6 and 138.9 * 2.5, respectively) (*p < 0.05).
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Figure 4. Association of LR and GM-CSFRa, and the relationship of the expression of LR and GM-CSFu in leukemia cell lines and AML samples. (A)
Expression plasmids for LR (V5-LR) and GM-CSFRa (Flag-GMR) with tags were transfected into 293T cells. Cell lysates were subjected to immunopre-
cipitation with anti-V5 or anti-Flag antibody. (a) Western blot (WB) analysis was performed using anti-V5 and (b) anti-Flag antibodies. IP, immunoprecip-
itation; V5/Flag-Ab, antibody against V5 or Flag tag; V5-LR, LR tagged with V5; V5-cont, control for V5-LR; Flag-GMR, GM-CSFR« tagged with Flag;
Flag-cont, control for Flag-GMR. (B) Representative results were shown regarding the surface expression of GM-CSFR« on TF-1—related cell lines. (C) The
total amount of GM-CSFRa« protein of each cell line as assessed by Western blot analysis using anti—GM-CSFRa or anti—B-actin antibody. (D) Using CD34-
positive AML cells, expression of LR and GM-CSFRa were measured by flow cytometry. There was a significant relationship between the values of MFI

ratio of LR and GM-CSFRa, and their controls (isotype IgM and isotype IgG, respectively). MIFR, mean fluorescent intensity ratio.

GM-CSFRa. that was shown previously [26] and confirmed in
this study, and our experimental condition lacking stimulation
by laminin through LR, it is suggested that LR itself and not
signaling through LR influenced GM-CSFRa surface expres-
sion. The multifunctional properties of LR as shown by its
crystal structure {33] might contribute to the dodecamer

complex formation of GM-CSFR that has been recently

demonstrated to be important for active signaling [34].

The importance of GM-CSF signaling in myeloid
leukemia is clearly emphasized by the analysis of juvenile
myelomonocytic leukemia [35,36]. Because mutually exclu-
sive abnormalities in the signaling pathway from GM-CSFR
have been found in >50% of juvenile myelomonocytic
leukemia cases, it would be interesting to examine the role
of LR in juvenile myelomonocytic leukemia [35,36]. A recent
report on the phosphoprotein network in AML [37] also
demonstrated the significant involvement of GM-CSF
signaling in AML: enhanced STAT5 phosphorylation was
found after treatment with GM-CSF in some AML cases. In
the same report, a relationship between GM-CSF—induced

STATS phosphorylation and FLT3 mutation was also shown.
Given that AML cases with FLT3 mutation show leukocytosis
[38,39], there might be complex interactions in the signals
from GM-CSFR and FLT3 for the increased WBC count in
the LR-H group, but this awaits further analysis. Considering
the distribution of LR in bone marrow cells, our results
suggested a new role for LR in leukemia cells that might be
a future target of AML treatment.

It will be necessary to further analyze the mechanism of
how LR contributes to expression of GM-CSFR on AML
cells, and the role of GM-CSF signaling in leukemia,
particularly in the immature fraction of AML cells.
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Supplementary Figure E1. Relationship between LR expression with WBC and LDH. There is a statistically significant relationship between expression of
LR on CD34-positive AML cells with WBC (A) and LDH (B), even when these factors are treated as continuum (p = 0.002 and 0.014, respectively).
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Supplementary Figure E2. Overall survival of patients treated with any chemotherapy (A) and intensive chemotherapy (B). Overall survival curve of all
patients is shown in (A), and that of patients treated with intensive chemotherapy regimens is shown in (B). Intensive chemotherapy regimens contained
standard dose of arabinofuranosyl cytidine and daunorubicin or idarubicin for induction, and high-dose AraC or induction-like regimens for consolidation
therapy. These regimens were used in the protocols of Japan Adult Leukemia Study Group (JALSG-AML97 and —AML201 trials) {29].
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Supplementary Figure E3. (A) Message level of GM-CSFRa in TF-1—related cell lines. The level of GM-CSFRa message was measured using quantitative

PCR. The expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as reference. Average of three independent experiments is shown

with standard deviation. (B) Densitometric measurement of Western blot analysis for GM-CSFu (data from Fig. 4C). Ratios of GM-CSFRa and B-actin from
three independent experiments are shown. Mock, control cell line for TF-1LR.
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