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Abstract

The combination of imatinib and a farnesyltransferase inhibitor might be effective for reducing the number of BCR/ABL-positive
leukemia cells. In this study, we examined the differences in the mechanisms of the growth inhibitory effect of the combination of imatinib
and R115777 (Zarestra™) among BCR/ABL-positive cell lines. Steel and Peckham isobologram analysis indicated that this
combination had a strong synergistic inhibitory effect on growth in all imatinib-resistant cell lines and their parental cell lines. Levels
of cleaved caspase 3 were increased by the combination treatment in all cell lines. However, both the level of cleaved PARP and the
number of annexin-V-positive cells were much less increased in KCL22 and KCL22/SR cells than in K562, KU812, K562/SR and KU812/
SR cells. The combination treatment promoted p27<'""" accumulation and induced a significant increase in the percentage of G0/G1
KCL22 and KCL.22/SR cells. In other cell lines, the percentage of GO/G1 cells was not increased but rather decreased. The results indicate
that induction of apoptosis and blockage of the cell cycle were major mechanisms of the synergistic inhibitory effect of the combination
treatment, but the relative importance of these mechanisms differed among cell types. Additional treatment for overriding the Gl

checkpoint may be required to eradicate leukemia cells, in which the combination induces cell cycle arrest.

© 2005 Elsevier Inc. All rights reserved.
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1. Imtroduction

The ABL tyrosine kinase inhibitor imatinib mesylate
(imatinib, Novartis) has shown a substantial clinical effect
in BCR/ABL-positive leukemia patients [1-4]. It has been
reported that about 50% of patients with aggressive BCR/
ABL-positive leukemia, such as chronic myeloid leukemia
in blast crisis (CML-BC) and acute lymphoblastic leuke-
mia (ALL), exhibit a hematological response to treatment
with imatinib alone [3,4]. However, most patients with
such leukemia relapse soon after showing a response to
imatinib; thus, long-term remission is not obtained with
imatinib treatment alone. Furthermore, it is possible that
many patients with CML-BC will have primary resistance
to imatinib because imatinib may already have been admi-
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nistered in the chronic phase in many cases. Previous
studies have demonstrated that BCR/ABL gene amplifica-
tion, point mutations in the ATP-binding pocket of the
BCR/ABL gene, increased expression of BCR/ABL pro-
tein, up-regulation of P-glycoprotein (P-gp) belonging to
the ABC transporter family, increased concentration of
serum ol acid glycoprotein and up-regulation of Nrf2-
mediated gene expressions may be involved in the acquisi-
tion of resistance to imatinib [5-14]. Several recent studies
have indicated that imatinib-resistant cells with a point
mutation in the BCR/ABL gene may be present prior to
treatment with imatinib in BCR/ABL-positive leukemia
patients [5,15-17]. Therefore, to obtain a sufficient clinical
effect, it is important to reduce the number of imatinib-
resistant leukemia cells by initial treatment targeting
aggressive BCR/ABL-positive leukemia. Recently, a
new generation of BCR/ABL kinase inhibitors has been
developed [18-21] and has been shown to be effective
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against imatinib-resistant cells with point mutations in
vitro [18]. However, none of these inhibitors are currently
available for clinical use. At present, one attractive ther-
apeutic strategy is combination therapy with imatinib and
other anti-leukemia reagents. Cytotoxic effects of various
combinations on leukemia cells have been investigated
[22,23].

Some cellular proteins, including Ras family proteins,
require posttranslational modifications to become active.
Prenylation, which is involved in these modifications, can
be performed by adding a 15-carbon farnesyl isoprenoid
group mediated by farnesyltransferase. An alternative
prenylation reaction, geranylgeranylation, can be per-
formed by transferring a 20-carbon geranylgeranyl iso-
prenoid to proteins by geranylgeranyl transferases.
Because prenylation is required to transfer Ras proteins
to the cellular membrane, farnesyltransferase inhibitors
(FTIs) were initially expected to suppress Ras function,
leading to tumor growth inhibition [24,25]. An FTI
showed significant anti-tumor activity via inhibition of
H-Ras function in an activated H-Ras-induced breast
cancer model [26]. However, N-Ras and K-Ras can be
transferred to the cellular membrane by geranylgeranyla-
tion, even if farnesylation is inhibited, suggesting that
inhibition of the processing of other target proteins is
involved in the anti-tumor effects of FTIs. Such target
proteins may include the small GTP-binding protein
RhoB and the centromere-associated proteins CENP-E
and CENP-F [27,28].

FTIs have been shown to have anti-leukemia effects on
BCR/ABL-positive cultured cells and in BCR/ABL-posi-
tive murine models [29,30]. Moreover, Hoover et al.
reported that an FTI, SCH66336, inhibited proliferation
of imatinib-resistant cell lines and colony formation by
hematopoietic progenitors from imatinib-resistant CML
patients [31]. These findings suggest that FTIs have
potential as agents for treatment of imatinib-resistant
BCR/ABL-positive leukemia. The results of clinical
studies on an FTI, R115777 (Zarnestra™', Titusville,
NJ), indicate that it is moderately effective against
CML [32,33]. However, R115777 alone does not seem
to be sufficiently effective against aggressive CML [33].
Phase I studies using combination therapy with R115777
and imatinib for treatment of refractory or resistant
BCR/ABL-positive leukemia have been conducted
[34,35].

In this study, we investigated the mechanisms under-
lying the inhibitory effect of the combination of R115777
and imatinib on growth of BCR/ABL-positive cells. Our
isobologram analysis revealed that this combination has a
significant synergistic inhibitory effect on growth of ima-
tinib-resistant cell lines and imatinib-sensitive cell lines.
We also found that this effect was due to both induction of
apoptosis and blockage of the cell cycle, but the relative
importance of these two mechanisms differed among cell
lines.

2. Materials and methods

2.1. Cell lines

We previously established an imatinib-resistant clone,
KCL22/SR, from the KCL22 human BCR/ABL-positive
cell line [36]. To obtain other imatinib-resistant clones, we
treated K562 and KUS812 cells (BCR/ABL-positive cell
lines established from peripheral blood of CML patients in
blast crisis) with step-wise increasing concentrations of
imatinib (0.1-1.0 pM) and cultured them on a mediom
containing methylcellulose, followed by selection and
cloning of individual colonies. These newly cloned ima-
tinib-resistant cell lines were designated K562/SR and
KUS812/SR, respectively. All imatinib-sensitive parental
cells and imatinib-resistant cells were grown in RPMI1640
medium supplemented with 10% fetal bovine serum and
split every 4 days.

2.2. Cytotoxic effects of a combination of R115777 and
imatinib

The farnesyltransferase inhibitor R115777 was kindly
provided by Johnson & Johnson Pharmaceutical and
Development (Philadelphia, PA). Imatinib was purchased
from Novartis Pharma (Basel, Switzerland). Cells were
incubated with various concentrations of each reagent for 4
days and then cell numbers were counted using a Cell
Counting Kit-8 (Wako Pure Chemical Industries Ltd.
Osaka, Japan) in accordance with the manufacturer’s
instructions. The cytotoxic effect of the combination of
R115777 and imatinib was evaluated by a Steel and
Peckham isobologram as described previously [37,38].
When the points were outside the left margin of the
envelope formed by two broken lines, the combination
treatment was considered to have a synergistic effect on
cell growth inhibition. If the points were plotted within the
envelope, the combination treatment was considered to
have an additive effect.

2.3. Western blot analysis

Whole cell lysates were prepared from 1 x 107 cells
according to a method described previously [39]. Then
10 g of whole cell lysate was separated electrophoreti-
cally using 10% polyacrylamide gel. Immunoblotting and
detection by enhanced chemiluminescence were per-
formed as described previously [40]. Mouse anti-glycer-
aldehyde-3-phosphate dehydrogenase monoclonal anti-
body and anti-phospho-tyrosine antibody were purchased
from Chemicon International (Temecula, CA) and Santa
Cruz Biotechnology (Santa Cruz, CA), respectively. Anti-
cleaved caspase 3, anti-PARP, anti-p44/42 (ERK1/2) MAP
kinase and anti-phospho p44/42 (ERK1/2) MAP kinase
rabbit polyclonal antibodies were purchased from Cell
Signaling Technology (Beverly, MA). Mouse anti-
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p27%™! and anti-HDJ-2 monoclonal antibodies were pur-
chased from BD Biosciences (San Jose, CA) and Neomar-
kers (Fremont, CA), respectively.

2.4. Flow cytometry

Apoptotic cells were evaluated by counting annexin-V-
positive cells using a MEBCYTO-Apoptosis Kit (MBL,
Nagoya, Japan) in accordance with the manufacturer’s
instructions. Briefly, the cells were collected and rinsed
once with phosphate-buffered saline (PBS). The cells were
then incubated with annexin-V-FITC and propidium iodide
for 15 min and analyzed by flow cytometry using a FACScan
Analyzer (Becton Dickinson, San Jose, CA). For cell cycle
analysis, the cells were incubated with propidium iodide for
30 min and analyzed by flow cytometry using a FACScan/
CellFIT system (Becton Dickinson, San Jose, CA).

3. Results

3.1. Development of imatinib-resistant
BCR/ABL-positive cell lines

We used an imatinib-resistant clone, KCL22/SR, and its
parental BCR/ABL-positive cell line, KCL22 [36]. In
addition, we cloned two other imatinib-resistant clones,
K562/SR and KU812/SR, from the BCR/ABL-positive cell
lines K562 and KU812, respectively. As shown in Table 1,
IC5q values of imatinib against the three imatinib-resistant
clones were 5-9-fold higher than that against each corre-
sponding parental cell line. No amplification of or point
mutation in the BCR/ABL gene was found in these ima-
tinib-resistant clones. Consistent with our previous find-
ings [36], imatinib treatment resulted in a significant
decrease in the level of phosphorylation of BCR/ABL
protein in all imatinib-resistant clones as well as parental
cell lines (data not shown). These results suggest that
deregulation of processes downstream of BCR/ABL kinase
is involved in the acquisition of resistance to imatinib in
these imatinib-resistant clones.

3.2. Combined treatment of BCR/ABL-positive cells
with R115777 and imatinib resulted in synergistic
inhibition of cell growth

To confirm that the farnesyltransferase inhibitor
R115777 inhibits farnesylation in BCR/ABL-positive

Table 1
ICso values of imatinib against the imatinib-sensitive and the imatinib-
resistant cell lines

ICsp values(uM)

KCL22 0.199 £ 0.037 KCL22/SR 1.779 £+ 0.934 Ratio x8.940
K562 0.218 + 0.091 K562/SR 1.245 £ 0419 Ratio x5.711
KU812 0.216 £ 0.076 KU812/SR 1.526 + 0.308 Ratio x7.065

cells, we examined the level of the chaperone protein
HDJ-2, which is a substrate of farnesyltransferase, by
Western blot analysis using an anti-HDJ-2 antibody
[41]. Treatment of cells with R115777 resulted in signifi-
cant accumulation of unprocessed HDJ-2 in all cell lines
(data not shown), suggesting that farnesylation is effec-
tively inhibited by R115777 in both imatinib-sensitive and
imatinib-resistant BCR/ABL-positive cells. To determine
whether a combination of R115777 and imatinib effec-
tively inhibits growth of BCR/ABL-positive cells, we
examined the time courses of changes in cell count after
treatment with 1Csq concentrations of imatinib, R115777
and a combination of these two reagents. The combined
treatment resulted in greater suppression of cell growth
than did treatment with either of the reagents alone in all
parental and imatinib-resistant cells (data not shown). To
determine whether the growth inhibitory effect was syner-
gistic or additive, we next performed Steel and Peckham
isobologram analysis, which provides very strict and reli-
able results [38]. Combined treatment of parental cells
(KCL22, K562 and KU812) with R115777 and imatinib
resulted in clear synergistic ‘inhibition of cell growth
(Fig. 1A). This combination also synergistically inhibited
the growth of imatinib-resistant cells, KCL22/SR, K562/
SR and KU812/SR (Fig. 1A). These results indicate that
the combination of R115777 and imatinib has a synergistic
inhibitory effect on growth of BCR/ABL-positive cells,
regardless of sensitivity to imatinib.

R115777 was initially expected to be an inhibitor of Ras
function. We investigated the levels of phosphorylation of
ERK1/2, a Ras-mitogen-activated protein kinase (MAPK),
to determine whether the synergistic inhibitory effect was
mediated by alteration of Ras signaling. However, the
levels of phopho-ERK1/2 were not decreased by
R115777 treatment in any of the cell lines (data not
shown). These results suggest that inhibition of Ras-
MAPK signaling is not involved in the inhibitory effect
of R115777 on BCR/ABL-positive cells.

3.3. R115777 and imatinib synergistically inhibited the
growth of leukemia cells from a patient in blast crisis

We next examined the effect of combined treatment on
the growth of primary leukemia cells from a 53-year-old
male patient in imatinib-resistant blast crisis. Written
informed consent for the examination was obtained from
the patient. Leukemia cells from peripheral blood of the
patient, with no mutation in the BCR/ABL gene, were used
for Steel and Peckham isobologram analysis. The patient
showed no response to imatinib after conversion to blast
crisis. The ICs, of imatinib to these cells was 0.71 uM,
which is high compared with those of imatinib-sensitive
CML cell lines. Combined treatment of these cells with
R115777 and imatinib resulted in a synergistic inhibitory
effect on growth (Fig. 1B). These results suggest that this
combination treatment is effective against primary imati-
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Fig. 1. Effect of combination of R115777 and imatinib on growth inhibition. (A) Steel and Peckham isobologram analyses of the combination of R{15777 and
imatinib in BCR/ABL-positive cell lines were performed as described in Section 2. Most points are plotted in the area representing synergistic effects in all
BCR/ABL-positive parental cell lines (a) and imatinib-resistant cell lines (b). (B) Mononuclear cells from peripheral blood of a patient with imatinib-refractory
blast crisis were first seeded at a density of 1 x 10° cells/ml and cultured in RPMI1640 media for 72 h. Steel and Peckham isobologram analysis of the
combination of R115777 and imatinib was performed as described in Section 2. Most points are plotted in the area of synergistic effects.

nib-resistant BCR/ABL-positive cells in patients in blast
crisis.

3.4. Induction of apoptosis by combination of
R115777 and imatinib

To clarify whether the combination of R115777 and
imatinib inhibits cell growth due to induction of apop-
tosis, we examined the levels of cleaved caspase 3,
cleaved PARP and the number of annexin-V-positive
cells with or without the combination treatment. The
combination treatment increased the level of cleaved
caspase 3 in all parental and imatinib-resistant cell lines
(Fig. 2A). In K562, K562/SR, KU812 and KU812/SR
cells, the level of cleaved PARP, which is one of the
downstream molecules of caspase 3, was also signifi-
cantly increased. Consistent with these results, the com-
bination treatment markedly increased the number of
annexin-V-positive K562, K562/SR, KUS812 and
KUS812/SR cells, whereas addition of ICsq concentrations
of imatinib or R115777 alone only slightly increased the
number of annexin-V-positive cells (Fig. 2B). In contrast,
the level of cleaved PARP was much less increased by the

combination treatment in KCL22 and KCL22/SR cells
(Fig. 2A). Furthermore, induction of annexin-V-positive
cells was much less pronounced in KCL22 and KCL22/
SR cells at 72 h (Fig. 2B), 48 h and 96 h (data not shown)
after addition of R11577 with imatinib. These results
indicate that the combination of R11577 and imatinib
induces apoptosis in both imatinib-sensitive and imati-
nib-resistant cells, but the contribution of apoptosis to the
synergistic inhibitory effect on cell growth is relatively
low in KCL22 and KCL22/SR cells because of insuffi-
cient activation of PARP.

3.5. Effect of the combination of R115777 and
imatinib on the cell cycle

Since the combination treatment only slightly increased
the number of annexin-V-positive cells in KCL22 and
KCL22/SR cells, we hypothesized that the synergistic
growth inhibition was mainly caused by induction of cell
cycle blockage in these cells. To investigate the function of
the G1 checkpoint, we first examined the level of p27KIP L
Consistent with our previous findings, p27*™®! expression
was up-regulated by treatment with imatinib alone in
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Fig. 2. Induction of apoptosis by a combination of R115777 and imatinib. (A) Cells were cultured in the absence of any reagent for 3 days prior to the treatment
and then treated with a combination of ICs, concentrations of imatinib and R115777 for 6, 12 and 24 h. Total cell lysates were prepared and subjected to Western
blot analysis using anti-cleaved casepase-3 and anti-PARP antibodies. The expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was examined
as an internal control. The levels of cleaved caspase 3 and cleaved PARP normalized on the basis of GAPDH levels are shown. (B) Cells were cultured in the
absence of any reagent for 3 days prior to treatment and then treated with ICsp concentrations of imatinib, R115777 or a combination of imatinib and R115777
for 72 h. The number of annexin-V-positive cells was counted by flow cytometry as described in Section 2.

KCL22 and KCL22/SR cells (Fig. 3A). In these cells,
the combination treatment with ICsq concentrations of
R115777 and imatinib also promoted p27%"! accumula-
tion and significantly increased the percentage of G0/G1
cells (Fig. 3A and B). To determine whether a higher
concentration of imatinib could induce cell cycle progres-
sion and thus lead cells to apoptosis, we next examined the
effect of combined treatment with 5 M imatinib and ICsq
concentration of R115777 on p27¥™! expression and GO/
G1 accumulation. The results showed that the combination
of the reagents at these concentrations increased p27KIF
level and the percentage of GO/G1 cells to the same level
and percentage as those in the case of ICsq concentrations
of R115777 and imatinib (data not shown). These findings
suggest that the combination could not abrogate the ima-
tinib-induced activation of G1 checkpoint and that induc-
tion of cell cycle arrest rather than induction of apoptosis
was thus the main cause of synergistic growth inhibition in

KCIL.22 and KCL22/SR cells. In contrast, the percentage of
GO/G1 cells among K562, KU812, K562/SR or KU812/SR
cells was not increased but rather decreased by combina-
tion treatment (Fig. 3B). Consistent with these results, the
levels of cycline D1 were decréased after combination
treatment in K562, KU812, K562/SR and KU812/SR cells
(data not shown). The p27*'*! level in KU812/SR cells was
slightly increased and maintained for 24 h by treatment
with imatinib alone, whereas the level was increased at
6 h but declined afterward in K562, K562/SR and KU812
cells (Fig. 3A). Interestingly, combination treatment with
R115777 and imatinib had no inhibitory effect on the
imatinib-mediated induction of p27*!! expression in these
cells (Fig. 3A). These results suggest that GO/G1 accumu-
lation was not induced in these cells, unlike in KCL22 and
KCL22/SR cells, despite G1 checkpoint activation, prob-
ably due to the significant induction of apoptosis after
combination treatment.
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loading (lower panel). (B) Combination treatment of R115777 and imatinib changed the ratios of cell cycle stages. After 24 h of incubation of cells with ICsg
concentrations of imatinib and R115777, the cells were harvested and incubated with propidium iodide for 30 min and analyzed by flow cytometry with a

FACScan/CellFIT system (Becton Dickinson, San Jose, CA).

4, Discussion

Previous studies showed that sustenance of BCR/ABL
kinase activity mediated by mechanisms including
increased expression of and point mutations in the BCR/
ABL gene is a major cause of acquisition of resistance to
imatinib [5-14]. In fact, BCR/ABL gene mutations have
been found in many clinical imatinib-resistant cases [5-9].
However, there are some cases in which no mutation
is found. In the latter cases, deregulation of processes
downstream of BCR/ABL kinase may be involved in the
resistance to imatinib. Thus, resistance to imatinib can
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apparently be obtained in both BCR/ABL kinase activity-
related and activity-unrelated manners. Imatinib-resistant
cell lines examined in the present study exhibited no
upregulation of BCR/ABL protein or point mutations in
the BCR/ABL gene (data not shown). Moreover, phos-
phorylation of BCR/ABL was significantly suppressed by
imatinib treatment, suggesting that these cells provide a
good mode! of imatinib resistance via a BCR/ABL kinase
activity-unrelated mechanism.

FTIs are reagents that may target abnormally activated
cellular signaling downstream of BCR/ABL kinase. Pre-
vious in vitro studies showed that combinations of FTIs and
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imatinib are effective against BCR/ABL-positive cells, but
it is unclear whether this effect is additive or synergistic.
The present results indicate that combination of R115777
and imatinib synergistically inhibits growth of BCR/ABL-
positive cell lines, as indicated by a Steel and Peckham
isobologram, which is one of the most reliable methods of
analysis for evaluating cell growth inhibition (Fig. 1A).
Notably, this synergistic inhibitory effect was also
observed in both imatinib-resistant cell lines and leukemia
cells from an imatinib-refractory patient (Fig. 1A and B).
These results strongly suggest that this combination would
have therapeutic value for patients with aggressive BCR/
ABL-positive leukemia. It is important to clarify whether
the combination treatment is also effective against cells
that have resistance-associated mutated BCR/ABL protein,
whose Kinase activity is not effectively inhibited by ima-
tinib [42]. On the other hand, the contribution of upregula-
tion of P-gp to acquisition of resistance to imatinib is still
controversial [43,44]. Fortunately, the effect of the com-
bination treatment may not be influenced by overexpres-
sion of P-gp, because the growth of KU812/SR cells
(which express P-gp at a level 12.7-fold higher than that
in parental KU812 cells) was effectively inhibited by the
combination treatment, as was the case with other cell
lines.

FTIs were initially developed as inhibitors of posttran-
slational processing of Ras proteins. However, numerous
previous studies suggest that inhibition of the processing of
other target proteins such as RhoB, CENP-E and CENP-F
is involved in FTT-mediated inhibition of tumor cell pro-
liferation [27,28]. In the present study, R115777 alone had
no effect on the levels of phopho-ERK1/2 in any of the
BCR/ABL-positive cell lines examined. Taken together
with the finding that overexpression of MEK! (a down-
stream kinase in the Ras pathway) in KCL22 cells did not
restore the cytotoxic effect of the combination treatment
(data not shown), this suggests that inhibition of abnor-
mally activated signaling other than Ras-MAPK signaling
is involved in synergistic growth inhibition by the combi-
nation treatment. We previously found by DNA microarray
analyses that RASAP1 and RhoA, which affect or engage
in cross talk with cellular signaling, are expressed at higher
levels in KCL22/SR cells than in KCL22 cells [36]. It is of
interest to clarify whether the effect of the combination
treatment is mediated by expression of such molecules.

It has been shown that imatinib induces apoptosis in
CML cells [45]. In K562, KU812, K562/SR and KU812/
SR cells, R115777 significantly augmented the imatinib-
induced increase in the number of annexin-V-positive cells
(Fig. 2B). Consistent with these results, the levels of both
cleaved caspase 3 and cleaved PARP were increased by the
combination treatment. These results suggest that the
combination effectively induces apoptosis in these cells.
In contrast, the induction of annexin-V-positive cells was
extremely low in KCL22 and KCL22/SR cells despite the
increase in the level of cleaved caspase 3 by the combina-

tion treatment (Fig. 2A and B). One possible explanation
for these results is that apoptosis signaling was blocked
downstream of caspase 3 in KCL22 and KCL22/SR cells.
In fact, the level of cleaved PARP, which is one of the
downstream molecules of caspase 3, was much less
increased in KCL22 and KCIL.22/SR cells than in other
cell lines (Fig. 2A). Although it is also possible that other
unknown mechanisms critically contribute to the blockage
of apoptosis, these results suggest that the apoptosis-induc-
tion system may break down and that even the combination
could not overcome the resistance for the induction of
apoptosis in these cells. It is of importance to elucidate the
possible unknown mechanisms of apoptosis signaling
blockage, and such efforts are now being made in our
laboratory.

p27%™P! expression was up-regulated by imatinib alone
in all cell lines examined in this study. These results are
consistent with our previous findings that imatinib induced
cell cycle arrest at the GO/G1 phase, accompanied by up-
regulation of p27*™!, in KCL22 cells [46]. Addition of
R115777 resulted in no suppression of imatinib-induced
up-regulation of p27*'*! expression in all cell lines, sug-
gesting that the combination could not inhibit imatinib-
dependent activation of the G1 checkpoint. It is noteworthy
that R115777 alone increased the p27*™" level (in K562,
KU812, KCL22 and KCL22/SR cells) or had no effect on
the p27%™ level (in K562/SR and KU812/SR cells) (data
not shown). Since FTIs have been shown to induce cell
cycle arrest via inhibition of farnesylation of CENP-E
protein [47,48], it is possible that CENP-E was a target
molecule of R115777 in these cells. Since the apoptosis
signal was blocked downstream of caspase 3, the percen-
tage of GO/GI1 cells was significantly increased with G1
checkpoint activation after the combination treatment in
KCL22 and KCL22/SR cells (Fig. 3A and B). Therefore, it
is concluded that cell cycle blockage was mainly involved
in the synergistic cell growth inhibition by the combination
treatment in KCL22 and KCL22/SR cells. We previously
showed that treatment of KCL22 cells with 20 pM ima-
tinib also resulted in GO/G1 accumulation but not in
induction of apoptosis [46]. In this study, combined treat-
ment of KCL.22 and KCL22/SR cells with R115777 and a
higher concentration (5 wM) of imatinib also resulted in
GO0/G1 accumulation (data not shown). These results sug-
gest that a high concentration of imatinib could not over-
come G1 checkpoint activation in these cells.

The other cell lines, K562, KU812, K562/SR and
KU812/SR, exhibited different responses. Although the
level of p27*'*! was increased by the combined treatment,
the percentage of GO/G1 cells was not increased but was
rather decreased. The reason for these discrepant phenom-
ena may be the significant induction of apoptosis in these
cells. It is likely that apoptosis is induced in the cells before
they are led to a GO/G1 state. These results suggest that the
induction of apoptosis but not cell cycle blockage plays an
important role in the synergistic growth inhibition of K562,
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R115777 61 ehecknoinl GU/G1
imatinib [(,' 1"&“ ]‘PO“,",J accumulation
\/\
(A) Apoplosis
K562, KUBI12, K562/SR, KU8I12/SR
|
.RHS_T‘” {-— — c—=="> | Gl checkpoint
imatinib |
(B) Apoptosis

Fig. 4. Hypothetical scheme of the ditferent responses to the combination of R115777 and imatinib in BCR/ABL-pusitive cells. (A) The combination treatment
activates the G1 checkpoint, leading to GO/G1-phase accumulation in KCL22 and KCL22/SR cells, in which apoptesis signaling breaks down. (B) K562,

KUS812, K562/SR and KUB12/SR cells undergo apoptosis with the combination

KU812, K562/SR and KU812/SR cells. A model for the
different responses to the combination treatment is pre-
sented in Fig. 4. This predicts that the Gl checkpoint
remains active but apoptosis signaling breaks down under
the condition of combination treatment, leading to GO/G1-
phase accumulation in KCL22 and KCL22/SR cells. In
contrast, K562, KU812, K562/SR and KUS812/SR cells
mainly undergo apoptosis by the combination treatment. It
is interesting that the imatinib-resistant clone and each
corresponding parental cell line showed similar responses
to the combination treatment. Therefore, the different
pattern of responses might be due to some original cell
characteristics, which remain even after acquisition of
resistance to imatinib.

The results of this study suggest that the combination
treatment of R115777 and imatinib effectively reduce the
number of leukemia cells regardless of the sensitivity to
imatinib. The finding that the relative importance of the
two major mechanisms involved in synergistic inhibition,
induction of apoptosis and cell cycle blockage, differed
among cell types may have important implications for
clinical application of the combination treatment. Since
primitive, quiescent BCR/ABL-positive cells may be resis-
tant to imatinib [49], it is likely that KCL22 or KCL22/SR-
type leukemia cells, the cell cycles of which are induced to
a standstill, may survive after the combination treatment
and grow later in the clinical course. Therefore, additional
treatment for overriding the GI1 checkpoint may be
required to eradicate these types of leukemia cells.
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Summary

Infertility after hcnmp()ic(ic stem cell transplantation (HST) is a serious problem for young pa-
tients, Autologous gamete collection before HST may be a promising strategy to overcome infer-
ulity.

From October 1988 to December 2003, six male and nine female patients with hematological ma-

lignancies had autologous gametes collected before HST. The data on autologous gamete collec-
tion were analyzed.

Sperm could be collected from three patients. However, in two of the three, the numbers and mo-
tility of the sperm were severcly depleted because they received chemotherapy for one and 11 ¢y-
cles, respectively. Normal sperm was enly collected from one patient with myclodysplastic syndrome
who had no history of receiving chemotherapy. One or more vocytes could be collected in five of
nine female patients, although the five received multiple cycles of chemotherapy. The successful
oocyte collection was associated with an ovulation stimulant.

Autologous oocye collection before HST may be possible, even if patients receive multiple cycles
of chemotherapy. In contrast, autologous sperm collection before HST may be difficult after pa-
tients receive chemotherapy. Successful pregnancy using autologous gametes after HST remains
extremely difficult, especially in female patients; however, it is important to give information on
infertility and autologous gamete collection to patients scheduled for HST.
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BACKGROUND

HST is an established therapeutic strategy for patients with
hematological malignacies and non-malignant disorders.
However, patients usually develop severe gonadal dysfunc-
tion and subsequent infertility after HST, which are caused
by high-dose chemotherapy and/or total body irradiation
used as conditioning [ 1L,2]. Infertility is an important prob-
lem for patients treated with HST, especially for female pa-
tents young enough to become pregnant and hoping to
bear a child in the future. In male patients, artificial insem-
ination using {rozen autologous semen is casy to perform

ila sufficient number of autologous sperm is obtained. If

autologous sperms are not available, artificial insemination
using donor semen is also possible. In female patients, in
vitro fertilization (IVF) using {rozen autologous fertilized
or even unfertilized oocytes has been developed [3-5], al-
though itis difficult to become pregnant for patients with se-
vere gonadal dysfunction caused by high-dose chemothera-
py and/or total body irradiation. Another possible approach
to create a genetic child is to transfer auwtologous fertilized
oocyles or embryos into the uterus of a related or unrelat-
cd healthy woman (surrogate mother) [6]. The Ministry of
Health, Labour and Welfare in Japan approves pregnancy
of patients with severe ovarian dysfunction using donated
oocvtes from unrelated women, but not from related wom-
en. The office never approves surrogacy.

Previously, several female patients who had undergone HST
in our hospital returned to productive lives, but complained
of infertility. Since then, we have been clearly informing pa-
tients scheduled for HST to expect infertility following con-
ditioning. Those patients were mainly referred to special
clinics for collection and eryopreservation of autologous
gametes if they wished to undergo that process. We ana-
lyzed factors associated with gamete collection in patients
scheduled for HST.

MaTERIAL AND METHODS

All patients with hematological malignancies and non-ma-
lignant disorders planned for HST at Jichi Medical School
Hospital from October 1988 to December 2003 were retro-
spectively analyzed. They were informed of infertility caused
by conditioning for HST. After detailed discussion of HST-
related infertility, a possible alternative approach to autol-
ogous gamete collection and the risks associated with the
alternative, patients gave informed consent for autologous
gamete collection. Prepubertal patients were not included,
but unmarried patients were included. P values below (.05
were considered significant on student’s £ test and y* test.

RESULTS

During this period, 48 patients received HST at our institu-
ton. Eighteen of 48 patients had cryopreserve autologous
gametes collected before HST. Of these, three patients were
exchuded because of incomplete medical records. As shown
in Tables 1 and 2. the patients consisted of six males and
nine females and the median age was 24 years (16 to 38
vears). Diagnosis included acute myeloblastic leukemia (6
patients), acute lymphoblastic leukemia (3). non-Hodgkin’s
lymphoma (2}, Hodgkin’s lymphoma (1), myelodysplastic
sindrome (2), and Fanconi anemia (1). Eleven patients had

received conventional chemotherapy for their hematolog-
ical disorders at a frequency of one to 22 cycles before au-
tologous gamete collection, To collect and cryopreserve au-
tologous sperm, all six male patients were referred to one
clinic, In females, cight unmarried patients referred to an-
other clinic to collect and cryopreserve antologous unferti-
lized oocytes using the vitrification method | 3,4]. Fertilized
oocytes from one married patient were collected and cryo-
preserved at the Department of Obstetries and Gynecology,

Jichi Medical School Hospital.

Table 1 shows a summary of male patients’ profiles and the
nature of their collected sperm. In only one patient with my-
elodysplastic syndrome, normal number and motility sperm
were obtained, because he had not received chemotherapy.
In the others who had received one or more cycles of chem-
otherapy, sperm was severely deteriorated or completely ab-
sent. Table 2 shows the female patients’ profiles and num-
bers of collected oocytes. In five of nine female patients,
one to five oocytes were collected, Of the five, one patient
with myelodysplastic syndrome and one with Fanconi ane-
mia had not received chemotherapy before oocyte collec-
tion. The other three included two patients with acute my-
eloblastic leukemia and one with Hodgkin's Iymphoma had
received multiple cycles of chemotherapy at a frequency of
6 to 15 cycles. All patients who successfully had one or more
autologous oocytes received an ovulation stimulant before
oocyte collection. There were no significant differences be-
tween patients in whom autologous gametes were collected
and not collected in terms of age, gender, use of alkylating
agents and chemotherapy cycles.

Discussion

We showed that autologous gamete collection before HST
may be possible in both male and female patients sched-
uled for HST. In male patients, the less chemotherapy that
had been given, the better the sperm count collected. In fe-
male patients, oocyte collection was successfully performed
using an ovulation stimulant even if they reccived mulg-
ple cycles of chemotherapy. Although the numbers of pre-
transplant chemotherapy cycles were not associated with
gamete collection statistically, it is recommended that au-
tologous gametes should be collected as soon as possible
after achieving complete remission in patients with leuke-
mia or lymphoma.

Pregnancy after HST has been reported in a few patients,
in whom gonadal damage has naturally recovered or med-
ical alternatives have been attempted [7-9]. The European
Group for Blood and Marrow Transplantation reported that
113 female patients among 37,362 patients receiving HST
became pregnant, and 10 of the 113 patients underwent IVF
[10]. Three medical approaches are possibie to promote
pregnancy in female patients after HST: First is IVF using
autologous embryos or fertilized oocvtes cryopreserved be-
fore HST. There are at least two reports of successful preg-
nancy and live birth using this method [11.12]. This meth-
od is clinically available but impractical in very young and
single females. Itis difficult for patients with malignant he-
matological disorders to interrupt chemotherapy for autolo-
gous oocyte collection. Additionally, it is possible that there
will be malignant cell contamination during harvesting of
oocyles. Second is IVF using allogeneic donated oocytes af-

CR92

— 156 —



Med Sci Monit, 2005; 11(3): CR91-94

Nagashima T et al - Autologous gamete cryopreservation before HST

Table 1. Sperm collection.

Duration between

(ase (ygg:s) Disease Chemotherapy numbers chemqtherapy Pre- medication Collected sperm
and collection (months)

1 29 AML " 3 - Severely disturbed
2 18 NHL 1 3 - Absent
3 24 MDS 0 0 - Normal
4 18 ALL 12 03 - Absent
5 16 ALL 1 0.7 - Severely disturbed
6 38 AML 22 2 - Absent

AML - acute myeloblastic leukemia; NHL — non-Hodgkin's lymphoma; MDS ~ myelodysplastic syndrome; ALL ~ acute fymphoblastic leukemia.

Table 2. Oocyte collection.

Duration between

Case (yig:s) Disease Chemotherapy numbers chemo.therapy Pre- medication® Colla;ts‘(:’g:)scyte
and collection (months)
7 7 HD 6 12 + 1
8 35 MDS 0 0 + 4
9 23 NHL 8 03 - 0
10 2 AML 13 2 + 5
11 29 FA 0 0 + 2
12 17 ALL 6 2 + 0
13 18 AML 0 0 - 0
14 26 AML 12 0** - 0
15 24 AML 15 2 + 4
HD — Hodgkin’s lymphoma; FA — fanconi anemia;
* ovulation stimulant;

** on therapy with all-trans retinoic acid.

ter HST [ 13-15]. Although the absence of malignant cell
contamination risk during harvesting of the oocytes is a
clinical benefit, itis difticult to obtain donated oocytes. In
Japan, oocyte donation only from unrelated, but not relat-
ed, women to patients with gonadal dysfunction is approved.
Gestational surrogacy is a treatment option available to wom-
en with certain medical problems including severe gonad-
al dysfunction [6]. Gestational surrogacy arrangements are
carried out in a few European countries and in the USA.
However, ethical or legal problems remain unresolved and
gestational surrogacy is not approved in Japan. Third is
cryopreservation of autologous unfertitized oocytes hefore
HST. This method could be applied to female patients with
or without hushands, and could be a good option from the
perspective of medical ethics, although cryopreservation
of unfertilized oocytes is thought to be difficult. Recently,
a new technique, called vitrification, has been developed,
which does not cause intracellular ice formation in oocytes

during cryopreservation [3,4]. There are three reports of

successful pregnancy and live birth afier implantation of
autologous or donated unfertilized vocytes using the vit-
rification method {4,16,17]. Very recently, it has been re-
ported that follicle developmentand estrogen production
of a breast cancer patient return to normal following crvo-
preserved autologous ovarian tissue transplantation [18].
In patients with hematological malignancies, ovarian tissue
cryopreservation may be difficult, since there will be malig-
nant cell contamination.

We do not know whether reduced intensity hemopoicetic
stem cell wansplantation (RIST) preserves gonadal function
at a normal level. Recently, Kyriacou et al. reported that a
reduced intensity regimen of fludarabine, melphalan and
CAMPATH-1H induced damage 1o germ cells and Leydig
cells [19]. If RIST using other regimens does not impair
gonadal function and shows the same clinical outcomes as
conventional intensity hemopoietic stem cell transplantation
for young patients with standard-risk leukemias or lympho-
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nras, such RIST may be a better strategy for patients hoping
to have their own childen in the future,

Although approaches to becoming pregnant after HST may
differ country by country based on medical ethics {20], we
should provide the correct information on autologous gam-
ete collection to patients scheduled for HST. Such informa-
tion, along with autologous gamete cryopreservation, in-
creases the fighting sprit of young patients scheduled for
HST, even though successful pregnancy using antologous
gametes after HST remains extremely difficult.

CONCLUSIONS

1. Autologous gamete collection is possible in both male
and female patients before HST.

2. Information on autologous gamete collection should be
given to patients scheduled for HST.
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8. MHZEATMING D MR AR FE ~ O o

g2 —5

Muroi Kazuo

BGERKEND - MIaBHEE BYBER

fl summary

EHMERORERRME (MSC) (2, BRHICHMUBITHIEESEI LD TES. MSC

(£, e LHMBIAD B 5MLEE, BlBEBOEEE BOREEHERAEET 50—k
THB, ShdHOMSC OREICET &, ENRMIMBEICIGEL = MSC & A VR RERD
FohTHY, FALEEHBONDDH B, MSC EMVEMAREATI, MSC OIS ICBIE
LABEZBMERBZSNTOZIN LHREZFHUTH S,

l EL®IC

M 8418 (mesenchymal stem cell | MSC)
13, BeiMiaIcfERE T 3 plastic dish IKHE T
BEHMIFROHT, invio TEZBICHTEE Y5
SEMEESEY, MSC IREMBMIICRRT S
CD45, CD34, CD117, CD133 & ¥ T, CD73
(SH3), CD105 (SH2), SSEA4 EMEHETHY,
g, B, RUiE, e EARPHREA
ST BHENEETEMBTH B, MBEREI
w4 3 MSC % B BRRR T, QMSCos5
LEEAFALT, BEShcBBOBERICAL
%, @ MSC o#m#miasirieEfALT, A
F& RSB MaBERO LS L &Mt
IKAW3, @ MSC oRBEEMERERIALT,

Rl Mg o B#EA NEER (graft-
versus-host disease: GVHD) T PHEIZANS
3 oMb TN B, FWTHE, =hbOHER
BRI OWTIHRIBHT 50

1. ERURMREELBEMT2E
(2349 B MSC DI s

ERUERBPREEDO P TS lysosome iK1, 44
BLBREOLERRIAII & - T lysosome PIIZA
B, bEVHABRURAERTIRETH
%, MBI AR lysosome TR IS L THER
TH AN, EnRMEBERCEESNhICERR
Y U RBRPMERMRE S h oA EE L, RIA
LT aBRemiasticaml, s iR

(MERE—%)
MSC (mesenchymal stem cell ; HIZERE4NNR)

GVHD (graft-versus-host disease ; % #F X EER)
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Ytk - SRR MIOR B & T ORI

EREE &N I (B 2RIV HBRSEL Y
AL ETEBINLRELSWEBET Y
BIHEEZL SN TS, MSC % lyso-
some HOVEFICHV2EAICIR, QB
U7c MSC 84815 U /- i TIEH L ic
MLt s, @BHLI MSCh s LUk
MIRMRBLCTHEBRERWTS 200
BESEZ 515, Huler SEFBI, a-L-
iduronidase @ X i ® 7= ¥, heparan sul-

PHRMERERTRBTH 2, RPNHPHE

Y X kB 7 4 — (metachromatic leuko-

dystrophy : MLD) i3, arylsulfatase A RiED 7z
® sulfatides OEW L, PIRHRE & RHMRE OB
B> 7 B ATERE, PO REEDHE MR 4 5| &
2T, Koe 5137, UBIEHMBHEERISAOD
Huler SEG# & 6 A0 MLD 2, Rl—F+-0®
BB 518 S/ MSC %, HEX/L 2.0 X
10075 10.0 X 10° Ml % 8¢ 5 UBRER ¥ & 1S
Ufeo BIMERIIRRD SN o 72, MSC B O
BHRAIROF A Y XLRATI, day 60 OB A
T, 2T 0.4% & 2.0% D ¥ F — oD MSC
ERENI, BEROBBIIBETSH W, 4
ADMLD THRmEEEOHFE LR D (B
1o BELMNS, KL B R EITIIE/LER
WMo ice BEBALIER, BEBOCTELE
AT 5 1 & collagen BB EhiZ oL
LHEBT, ZRUEOCBRFERL LT BKOEE
PHEBEEE U %, Horwitz 513Y, BHBH%
i3 6 AD/NRIC, B—o Fr—oRHmied»
5 MSC % 43 B UBEE & &7 %, neomyecin M #E&
f&F % A3A A 1 retrovirus % MSC i< transfec-
tion Uiz, BB M%* 18 ~34 #BAEBLK6
ADFEBIZ, BEFv—F 7 Uk MSC %44k

. ®1

MLD o 8 BB (A) %1F-7 & A, peroneal nerve @
fate & dermatan sulfate 4% lysosome iZ%  MhiB it LS, Bt 4 ERIET Lize B— F>—H o
BL, IS OER, BHAEE, KESE  OMSC# #ih (A) Lcios, MEESEHIBURELL,

K2 LH5IMA)

BYLD10XI0h 550X 10°HIIE4 5 L
7eo BREUGRBIFRARBEDONT, 5ATIE K
25 storma KB HE U 7c MSC O 1L ASRER
Ml EEEREHEBIIEE & T, MSC D435 HShEER
ENHBATHE, MSCOBE6 B oliE &
B, REROF LD 60~ 94%IicEIE L% (H
2)o MSC {4, lysosome i® P BIEBMALIEICEN
THHAEHEEMRE hi,

2. BMMBIERBIEIROLEFRESE
BN & L= MSC ikl

MSC (3 BB B L, &S miso
XFERT A0 T, EMBMREBHERIC MSC
YRS T AL, BHRLCEMBRMIROLRS L
BMEHERET 29 BEEPREEIN 5, Koe b
1Y, 32 NOABOBE O BHMIE, 5 MSC %
DU UMETE LTz, 28 AOBET, BFKRNMEM
PRBEHO | $3 4 BMHRITEELAY 1 X
10°4fLl Lo B MSC %15 L7z, MSC# 5
R U BIERIRBRD SN h oo, BiEGO
MO BB ILER DT, FPHH500/u L B2

(BREE—3E)

MLD (ietachromatic leukodystrophy ; RFEMHEEY A o7 4 -)
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8. BIERIHPROEMFBIRBENDIGH

[ 2

MSC &5

ﬁ&ﬁ?
®OE

K

ROMUDERE

BHEALEICH L TEMBHEEIT, 20%, B—FF—»»S MSC 25 L1,
MSC o581 (Rfs) & MSC o5 6 7B (B) ik, HFROMULHBLILEIA,
5% MSC OFEMTERE N 5 A (P1~P5) Tk, HEOMUZEFIIEML 7,

B S B, mAMEA 2T /pLABA5H
BHBH% B85 BTH -7,

W, EHRLBEIEEATbN, itk
IEMBESMBMBMBEOKES 2 EDL LD
K-t BHBHETHMBELL S DI, Bl
BobiidMEREEZ SN EBBEPERT
H 5B, BEOBEHMERFICBIET 5RHAHM1Th
NTV3Y, HHOMFENEFRNBET S LIC
& -T, BHEMBEERML TS, BEROMIK
OEWLEFERETE LT E, FRELTE
Eth &b S p~—75 ORI B O & i AL &S
B EMESNTHNASY, &, Kim 517 2
BHO b bLEE S FE (human leukocyte anti-
gen : HLA) 4¢3 ~ 6 BEA—H OB %, CD34
itk s R e U g mia I ERk, £3E
M5 18 5 h 7o MSC & — # iZ non-obese dia-
betic/severe combined immunodeficient (NOD/
SCID) < A # L, short tandem repeat

(CCEk 3 03I/

T—HILBEBEHEDOF A Y XLOBEERETL
feo MSC % BB ICHHET 2 &, 2BHEOZEMANT
FELCEB & (%), & h@RROCD
(transferrin receptor) [ o M¥EFEMMAR 254y 2 5
g 5 & (H3) 2#&E LI, SOMSCO
ERE, 2o OMFMmMFIcaEhsy v/ 8D
graft-versus-graft reaction £ I %l 3 % & & i
& oT, HeoEmstMiaoEENEINILLE
Zohi,

3. GVHD FRi&Eldiamkz
BHgE L7z MSC D5

MSC i3, mitogen Hf #{ ® mixed lymphocyte
reaction 12 & 5 T HIRE D FEMAL 258 CMEIT 5 &
EMEISNTLE Y, i, MSC I3 aiB U 7o itk
HiE (DCL) i fEA LIEEESEEF (tumor necro-
sis factor : TNF) a DEEZMHEIT 5 2 &, K

(I§EE—5)
HLA (human leukocyte antigen ; & MLAE AR

NOD/SCID (non-obese diabetic/severe combined immunodeficient)

70y 547 Vol 15, No. 2, 2005
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195 - BRI DR LB VE & T DREBRC A

R 2EHOBFMBERIBAEERDOF XX A
W e U e A 00 [RAe Ba AL s

Hit! v
A+B

. 2 785%31 | 265+31 |28:1
(A+B)+MSC|.  wi19 . | .645%27 | 365+27 [18:1

NOD/SCID =% A1z, B#® CD4 B+ LA L B 2 HMoOEE M % F
AL, BEEOL MEROF A Y XLAKRE L, ALBEARBBET2 &, &
Lo OMEHFM(FEOBEITIZA)OEMMER L 20, MSC *RAKKS T2
&, ALBOELMSIEIFHELUS, Lk 6 X HBIE)

12

© % CD45/71

Smgle ) Double ‘ double doubl
' B ' ’ +MSC
B3 ERUBEOEBICRITT MSC DR
B# o CD34 BiEmiaics: & CRE D BEMIR 2 BT %, NOD/SCID iz [ 1 4
(double) L7z, JEHIN®D A O (double) TI3HE CD34 Mm% 2 iz LT h,
BREOEEMBOEMIEL ShUM-7 (a) 48, MSC A—EItB1ET 3 & (double

+ MSC), EZF 7 5miadiiis 2 B cgml 72 (b 6'¢ AP RRA)::D)

U7tk #ela (DC2) 1A U interleukin (IL)-10 DOF Y R ICEFRS U, GVHD RER, #1E
DOEAZBEIMEEE &1L - T, Thl gk s BAIEILL (transplant related mortality : TRM),
D IFN 7 BEAAZIHIU Th2 Mlas o o 1.4 E4 EHEREHBT2ERBRE1T-% (B5),
EFBT B EBRENL (L)Y, 72, MSC MSC #i&x 5 LT, 181 GVHD O3 D&
13 regulatory T #ifl@% #1012 ¥, natural killer T, TRM OETF, £FREMFEFROBMM
(NK) #fas & D IFN v EAZIH L (K4), BHohilc, MSCREIKIAEELSEIERBRE
7z, MSC BEOMEHRIE - EhREsh » 5N Y, MSC ISR 8 & o # 48 o # 18 % o
TWbB, TOXH MSCIT X2 REIEHER L, GVHD PRI BER EEZ DN, BIFITH T
GVHD O F B PiEBIc T TH 20 ML H 5, b, HLA—H N+ —D» 5 0 B B 15 1 B 1T,

KEORF ¢ —LEED Osiris 3, FIHXOB GVHD FHi% BHy & UTEMBE MSC % FB%
pitmlais 518N MSC %, HLA—F K>+ —D» 5 B3 2% | HEFZBSHB S TH 2, B,
(Mg EE—KEY
TNF (tumor necrosis factor ; MEIEILETF) IL (interleukin)
NK (natural killer) TRM (transplant related mortality ; B BEFET)
78 (252) 7547 Vol 15, Ne. 2, 2005
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E4 MSCOREEMHIER
MSC 4, #HRMD TNF a OAWEMEI L, IL-10 052 RET 5 Z &0k - T, fifki@lao s & Sikic izl %
RiZL, TORBELTRAEERERBEBTZONLSTEEL OND,
JET (transplant related mortality : TRM)

Bk H B EFMESLENE (B6)Y, fEFILI
oS Y v 3B M fE (acute lymphocytic leu-
kemia : ALL) BB T, % 3EMHIC HLA 30
MG K F—» o, REREMEMIEEEE
T, BiE%, 20 GVHDEE, TH &M,
HE) BWHEB U, &85 % (psoralen with
ultraviolet-A light (PUVAJ, methypredniso-

(k8 L D5IRD

lone, inflixmab, daclizmab, mycophenolate m-
ofetil, methotrexate) #HA LI bFEhb ST VE
DatGVHDIER L, 22T, ROBHOE
B o MSCAOMURIEX Y, hEX/LY 2 X 10°
@ MSC 215 Ut 5%, EPhUMAL
JIVE L OETETRHOBYKRED oI, €D
%, BHTHIERERILREZD oo, BHER

(M EE—58)

ALL (acute lymphocytic leukemia ; &Y /B IMAE)

PUVA (psoralen with ultraviolet-A light)

mE70>5F 47 Vol 15, No. 2, 2005 79 (253)
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BEGVHD

48+ 11% —-MSC

20£7% +MSC

R mm?ga{ 31(4‘?) i}

R

81£8%

% +MSC

53+£0% —MSC

76:£8% +MSC

3]
S

R 3 i AL
BE5 GVHD, @#ﬁﬁﬁﬁﬁt t-t?“&k&li'a“ MSC 0))\)1%

Fr—t by P bUNOEIEOBH»SBONAMSC %, BHEBEHEIABIAET A LIcL-T, B

GVHD L BHBEETRBERICGET L, AFRIFRITHEMLI:,

Xt 3175 % R (graft-versus-leukemia effect :
GVL effect) % 8# 4 % B T cyclosporin % iB&
L&A, BEGVHD B LA, 22T,
HESLD 1 X I0EOBHO MSC 2 BHERS
Lic& I A GVHD 3# 8 L7, MSC ot
IBIER 2RO, EHESOMRTIY, I
HoOEM% GVHD BB L7z 256 AT MSC %%
BUILEROAM, W—DEBHTH 1,

E HEbhbYIC

MSC %2 Wit RifREofims, HAEBEO
BRARTITON T A2HY e Aic 2 ciid 2

(Osiris BH)

MEMAFEIN S, MSC BB OB EMEN S
EPOEIFECGEEDB LU FF—) D MSC #
BWa I Elsks L, MSCHREICSER
REMERAMBHE ST LS &3, MSC %
RISRT 5108 REBF A LB DNBE, MSC
REFEEERT 200, B OSLEL B
AREMEBRETER LY, BAE TIFbh il
FRRBRTED LI URERI T, 4%, FHICB
WThbEISHHREENYOEERE, GVHDF
F5+> GVHD /Ao LT, MSC 0% B+ kit
THEARBSERICEmE NS 2 Lo ah
Tid,

(PEEE—FE)

GVL effect (graft-versus-leukemia effect ; AR XA MMmEHE)
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