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Fig. 2. Expression of TNF-« and its receptors in leukemic cells
treated with depsipeptide (FK228). A: HL-60 and K562 cells were
cultured with 20 nM depsipeptide (FK228) for up to 12 h. Total cellular
RNA was isolated at the indicated time points, and subjected to
Northern blot analysis for mRNA expression of TNF-g, TNF-RI, and
IL-18. The membrane filters were reprobed with GAPDH cDNA to
serve as a loading control. B: TNF receptors on the surface of HL-60
and K562 cells were stained with a specific antibody against type I

FK2238

TNF receptor, and detected by Texas Red-conjugated secondary
antibody using flow cytometry (straight lines). Purified mouse IgG
was used as an isotype-matched control (dotted lines). C: Whole cell
lysates were prepared from depsipeptide-treated HL-60 and K562
cells, and subjected to immunoblot analysis for TNF-RI expression.
The membrane filters were reprobed with anti-B-actin antibody to
verify the equal loading and integrity of samples. The data shown are
representative of multiple independent experiments.
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TABLE 2. TNF-o production in FK228-treated cells

SUTHEESOPHON ET AL.

Cell line HL-60 K562

Incubation

time 12h 24 h i2h 24 h

FK228 (=) (+) (=) +) (=) (+) =) (+)
TNF-o? <5.0 56+24 <5.0 18.0+£4.8 <5.0 79417 <5.0 12.843.1

“The amounts of TNF-« in the supernatants determined by ELISA (pg/mL; mean + SD, n=3).

assays, we confirmed the effects of depsipeptide (FK228)
as an HDI in vivo. As shown in Figure 7A, depsipeptide
treatment caused the hyperacetylation of N-terminal
lysine residues of histones H3 and H4 after 2 h of treat-
ment in HL-80 cells. Previous studies have demon-
strated that transcription of the TNF-u gene is governed
by the formation of stimuli-specific enhancer complexes
on its minimal promoter region between nucleotides
-200 and -20 (Falvo et al., 2000). Notably, it has been
shown that the enhancer complexes contain histone
acetyltransferases CBP/p300, implying the importance
of histone acetylation in the transcriptional regulation
of TNF-u (Barthel et al., 2003). We, therefore, performed
ChIP assaysusing specific antibodies against acetylated
histones H3 and H4, and found that both histones were
inducibly acetylated in the core promoter regions of the
TNF-o gene after 2 h of culture with depsipeptide in HL-
60 cells (Fig. 7B). These findings indicate that depsipep-
tide (FK228) enhances transcription of the TNF-o gene
through hyperacetylation of its promoter.

DISCUSSION

Given the anticipated role of HDIs in cancer treat-
ment, it is essential to clarify their mechanisms of action
in detail for better clinical applications in the future.
Evidence is accumulating regarding the cellular con-
sequences of HDI treatment for cancer, which include
cell cycle arrest (Qiu et al., 2000), apoptosis (Bernhard
et al.,, 1999), cellular differentiation (Warrell et al.,
1998), suppression of tumor angiogenesis (Kim et al.,
2001), and immunomodulation (Maeda et al., 2000). The
molecular basis of these phenomena has also been
studied extensively using conventional methods as well
as global gene expression analysis. For example, HDIs
accumulate target cells at either G1 or G2/M phase of the
cell cycle, depending on the status of p53, through
transcriptional activation of a CDK inhibitor, p21/Cipl
(Richon et al., 2000; Derjuga et al., 2001). HDI-induced
cell cycle arrest may also be mediated by the altered
expression of cyclin A, cyclin D, and p27/Kip1, resulting
in a reduction in CDK2 and CDK4 activities (Sandor
et al., 2000). As for apoptosis, the transcriptional acti-
vation of proapoptotic genes such as Fas and Bax is pro-
posed to mediate HDI-induced apoptosis (Kwon et al.,
2002). Other possible mechanisms of apoptosis include
the perturbation of mitochondrial membranes, which

results in the release of cytochrome ¢ and subsequent
activation of caspase-9 (Henderson et al., 2003), modu-
lation of the expression of Bel-2 family proteins (Amin
et al,, 2001), and the generation of reactive oxygen spe-
cies (Ruefli et al., 2001). However, these findings were
obtained using different HDIs in various cell systems,
and it is unclear whether they are universally appli-
cable to other cell types. This study is therefore aimed
at understanding the specific mechanisms of action
of HDIs against leukemias. We chose depsipeptide
(FK228) as an HDI because it has proved to be one of
the most effective HDIs against leukemias both in vitro
and in vive (Byrd et al., 1999; Murata et al., 2000;
Piekarz et al., 2001; Sandor et al., 2002).

Because histone acetylation is directly linked to
transcription and abnormal gene silencingis a hallmark
of cancer, it is rational to carry out global gene ex-
pression profiling as an initial step to elucidate the
mechanisms of action of HDIs. There are some studies
dealing with this subject (Mariadason et al., 2000;
Suzuki et al., 2002; Yamashita et al., 2002; Glaser
et al., 2003). For example, Suzuki et al. (2002) reported
that an HDI, trichostatin A, upregulated 23 genes in the
colorectal cancer cell line RKO among 10,814 genes
examined using a subtraction microarray. Most of them
are classified as genes encoding enzymes and signal
transducers, and are not growth-regulatory genes ex-
cept TRADD (see below). In another study, Glaser et al.
(2003) compared the gene expression profiles of three
different bladder and breast cancer cell lines treated
with three HDIs; SAHA, trichostatin A, and MS-27-275.
They identified a common set of genes that are positively
or negatively regulated by all of the HDIs in all of the
cell lines tested. The common set includes 8 genes found
to be upregulated and 5 genes found to be down-
regulated among 6,800 genes. Of the upregulated genes,
p21/Cipl seems to be most important for cell cycle arrest
by HDIs. The genes encoding thymidylate synthase and
CTP synthase were most prominently downregulated,
which may be related to the growth arrest of these
cancer cells. Because these studies were conducted with
solid tumors, we adopted a similar approach in leukemic
cells treated with depsipeptide (FK228), which is the
most promising HDI for the treatment of leukemias. In
the present study, depsipeptide (FK228) was shown to
induce cell cycle arrest and apoptosis after 24 and 48 h of

TABLE 3. TNF receptor expression on FK228-treated cells

Cell line HIL-60 K562

Incubation time 12h 24 h 12h 24 h
FK228 (-) (+) (= () (=) (+) (=) +)
Positivity® 65.5% 66.3% 66.5% 56.3% 83.1% 85.8% 86.8% 74.1%
MFI* 12.7 12.9 12.8 10.6 57.5 26.5 60.3 32.9

“Positivity and mean fluorescence intensity were determined by flow cytometry.
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Fig. 3. Activation of the caspase cascade by depsipeptide (FK228) in
HL-60 cells. HL-60 cells were cultured in the absence (control) or
presence of 20 nM depsipeptide (FK228) for up to 48 h. Whole cell
lysates were prepared at the indicated time points, and subjected to
immunoblot analysis for procaspases-8, -10, and -3, cleaved caspases-
8, -3, and -7, and PARP. The membrane filters were reprobed with
anti-B-actin antibody to verify the equal loading and integrity of
samples. The data shown are representative of multiple independent
experiments.

culture, respectively, in HL-60 and K562 leukemic cell
lines. Based on this data, we performed DNA chip anal-
ysis using RNA samples isolated at 6 h, when no
apparent effect of the drug was observed. The global
gene expression profiling revealed that depsipeptide
(FK228) modulates a subset of genes related to growth
regulation (Weel, cdc25¢, and Ki-67), checkpoint con-
trol (ATM), hematopoietic differentiation (CHED and

TABLE 4. Effects of anti-TNF-o neutralizing antibody on the
cytotoxicity of depsipeptide (FK228) against HL-60 cells

Proportion of cells in sub-G1

FK228 Additions fraction (%)*
- Buffer 3.6+£1.2
- Anti-TNF-o 3.3+1.2
-+ Buffer 94.1+3.1

P =0.0248*
+ Anti-TNF-o 65.8+£11.9

P =0.0145%*
+ Mouse IgG 94.8+4.2

“Means :: SD of three independent experiments.

*P-value determined by a paired Student’s ¢-test between buffer and anti-TNF-x.
**P-value determined by a paired Student’s ¢-test between mouse IgG and anti-
TNF-.
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Ikaros), cell adhesion (CD11a), signal transduction (c-
fyn, NF-IL3, and A kinase anchor proteinl), and apop-
tosis (caspases-7 and -10, DAP kinase, and FHIT) in
HIL-60 cells. Taking into account the time of preparing
the samples, these changes are not a simple consequence
of the effects of depsipeptide (FK228), but are considered
to play causative roles. Our results disclose the changes
in the expression of many genes that have been over-
looked in similar attempts in the past, suggesting that
HDIs exert cytotoxic effects via distinct mechanisms in
leukemia and solid tumors.

In addition to TNF-«, a number of TNF-related cyto-
kines and molecules involved in TNF signaling and
function were detected in DNA chip analysis. Based on
this finding, we examined the involvement of the TNF/
TNF receptor system in the cytotoxicity of depsipeptide
(FK228), and found that autocrine TNF-o was important
for the induction of apoptosis and presumably of cell
cycle arrest in myeloid leukemic cell lines. The similar
role of TNF-u in interferon-mediated killing of hairy cell
leukemia was reported by Baker et al. (2002). Impor-
tantly, depsipeptide (FK228) enhanced the expression
of caspase-10, an initiator caspase directly activated
by TNF-RlI-associated DISC (Wang et al., 2001), and
caspase-7, an executioner caspase activated in the TNF-
mediated caspase cascade (Budihardjo et al., 1999). The
induction of caspases-7 and -10 may strengthen the
effects of autocrine TNF-o by supplying its effector
molecules in depsipeptide-treated cells. According to a
recent report by Aron et al. (2003), depsipeptide
activates caspase-8 through downregulation of ¢-FLIP,
a competitive inhibitor of caspase-8, thereby inducing
cell death in chronic lymphocytic leukemia cells. It
is possible that the suppression of ¢-FLIP is another
factor strengthening the effects of depsipeptide (FK228)
on myeloid leukemias. Furthermore, upregulation of
TRADD may also contribute to depsipeptide-induced
apoptosis as an enforcer of TNF action as suggested by
Suzuki et al. (Suzuki et al., 2002). An investigation is
currently underway in our laboratory to test these
hypotheses.

It is surprising that depsipeptide (FK228) failed to
activate TNF receptor-mediated Jun kinase cascade.
Downregulation of ASK1 seemed to be responsible for
the failure of JNK activation (Baker and Reddy, 1998).
The downregulation of ASK1 may be part of the direct
inhibitory effects of depsipeptide (FK228) on Ras-MAP
kinase signaling pathways (Kobayashi, Y. et al., manu-
script in preparation). Our observation is indicative of
selective activation by FK228 of the caspase cascade
downstream of TNF receptors. A similar dissociation of
the caspase cascade and JNK pathways was demon-
strated in a previous study using dominant-negative
FADD (Wajant et al., 1998).

We obtained evidence suggesting that autocrine TNF-
o also plays a role in an accumulation of HL-60 cells in
G2/M phase. This is consistent with previous reports
describing TNF-o-induced G2/M arrest (Darzynkiewicz
etal., 1987, Kumakuraetal., 2003). However, the extent
of the accumulation by TNF-u is less prominent than
that in HDI-treated cells. It is therefore unlikely that
HDI-induced G2 arrest is entirely due to autocrine
effects of TNF-o. Additional mechanisms such as the
failure of cytokinesis via hyperacetylation of the centro-
mere may be involved in this process (Taddei et al.,
2001).

Finally, we investigated the mechanisms of depsipep-
tide-mediated upregulation of TNF-o. We demonstrated
that depsipeptide (FK228) activated transcription of the

— 501 —



394

SUTHEESOPHON ET AL.

A
FK228  Additions DNA histograms sub-G1 fraction
- Buffer g : 2. 4%
Ooé k_y_n,\
g T ono
FL2-H
- Anti-TNFe £ 4 k 3.1%
o":.-,.J. N
a T Yoan
FLZ-H
+ Buffer £ 93.9%
i 00
FLZ~H
+ Anti-THFe £ 52.5%
O.;H“r---l':\:'--'l """"" T
000
FLZ2-H
+ Mouse IgG £ : 91.6%
AP
FL2-H
B
FK228 -+ -+ +
W .
2 2 g 2
Additions: B B & 5
= = - w
Lo}
% 4
_ o

Fig. 4. Effects of a neutralizing anti-TNF-o antibody and siRNA
against TNF-RI on the cytotoxicity of depsipeptide (FK228). A: HL-60
cells were cultured with either phosphate-buffered saline alone
(buffer), purified mouse IgG (mouse IgG) or anti-TNF-a neutralizing
antibody (Mab11; BD Pharmingen) (Anti-TNFo) at a final concentra-
tion of 20 ug/mL in the absence (—) or presence (+) of 20 nM depsi-
peptide (FK228). DNA histograms were obtained by staining cells with
propidium iodide after 48 h of culture to determine the percentages of
cells in sub-G1 fraction. B: Whole cell lysates were prepared at 48 h of

culture, and subjected to immunoblot analysis for procaspases-8 and
B-actin. C: HL-60 cells were pretreated with either siRNA against
TNF-RI or its control at 50 nM for 30 h, and further cultured in the
absence (—) or presence (+) of 20 nM depsipeptide (FK228). The effect
of TNF-RI siRNA was confirmed by immunoblotting (left part) and
flow cytometry (right upper part). DNA histograms were obtained
after 48 h (right lower part). The data shown are representative of
three independent experiments.
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Fig. 4. (Continued)

TNF-o. gene through hyperacetylation of histones H3
and H4 of its promoter regions. It has been shown that
transcription of the TNF-o gene is governed by the
formation of stimuli-specific enhancer complexes con-
taining histone acetyltransferases CBP/p300 (Barthel
et al., 2003). Depsipeptide (FK228) bypasses the re-
quirement of the enhancer complexes, and aberrantly
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Fig. 5. Effects of depsipeptide (FK228) on the Jun kinase cascade.
Whole cell lysates were prepared from HL-60 cells at the indicated
time points, and subjected to immunoblot analysis for the expression
of ASK1, phosphorylated JNK, and B-actin. The data shown are re-
presentative of two independent experiments.

24 48 0 (h)

induces transcription of the TNF-o gene in myeloid
leukemia cells. This information is not only useful for
cancer treatment, but also applicable to pharmacologi-
cal interventions for other inflammatory and immuno-
logical processes associated with activation of TNF-o.
In summary, the present study has defined autocrine
production of TNF-o as an important mediator of the
cytotoxic effects of depsipeptide (FK228) in a subset of
myeloid leukemias. It is assumed, however, that many
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Fig. 6. Nuclear run-on assay for TNF-u transcription in depsipep-
tide-treated HL-60 cells. Nascent nuclear RNA was elongated in
the presence of [*2PJUTP in HL-60 cells cultured with (control) or
without 20 nM depsipeptide (FK228) for 6 h, and hybridized to
immobilized plasmids containing ¢cDNAs for GAPDH (lanes 2 and 6),
B-globin (lanes 3 and 7), and TNF-a (lanes 4 and 8) on nylon mem-
branes. Empty pCRII vector was used as a negative control (lanes 1
and 5). The data shown are representative of multiple independent
experiments.
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Fig. 7. Depsipeptide-induced hyperacetylation of TNF-« promoter in
HL-60 cells. A: Acetylation of histone tails in depsipeptide-treated
HL-60 cells. Whole cell lysates were prepared as described in Figure 3,
and subjected to immunoblotting with the site-specific anti-acetylated
histone antibodies indicated on the right. The membrane filters were
reprobed with anti-f-actin antibody to verify the equal loading and
integrity of samples. B: ChIP assay for acetylation of TNF-« promoter.
After crosslinking with formaldehyde, chromatin suspensions were
prepared from HIL-60 cells treated with (+) or without (—) depsipep-
tide for 0, 2, and 6 h, and subjected to immunoprecipitation with
antibodies against acetylated histones H3 and H4. The resulting pre-
cipitants were subjected to PCR using a specific primer pair cor-
responding to nucleotide positions —208 to +35 of the TNF-u promoter.
PCR was carried out for 30 cycles, and the amplified products were
visualized by ethidium bromide staining after 2% agarose gel electro-
phoresis. Input: Prior to the immunoprecipitation, 1/40 of the sonicat-
ed cell suspension was saved and used for PCR after reversal of the
crosslinking. The data shown are representative of multiple indepen-
dent experiments.

factors are involved in the pharmacological actions of
depsipeptide (FK228). Our study will provide a clue as to
further elucidate the molecular basis of the action of this
potential drug for refractory leukemias.
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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 (Zarnestra™) 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 KCL.22/SR cells than in K562, KU812, K562/SR and KU812/
SR cells. The combination treatment promoted p?.7K]Pl accumulation and induced a significant increase in the percentage of G0/G1
KCL22 and KCL22/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.

Keywords: R115777; Farnesyltransferase inhibitor; Imatinib; BCR/ABL; Chronic myeloid leukemia; Drug resistance

1. Introduction

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-

* Corresponding author. Tel.: +81 285 58 7353; fax: +81 285 44 5258.
E-mail address: t-nagai @jichi.acjp (T. Nagai).

J006-2952/$ — see front matter © 2005 Elsevier Inc. All rights reserved.
J0i:10.1016/j.bcp.2005.02.021

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 «l 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 FTL, R115777 (Zarnestra™, Titusville,
NI), 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 KU812 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 medium
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. Cyrotoxic 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 pg 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,
1Csq 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
ICsq values of imatinib against the imatinib-sensitive and the imatinib-
resistant cell lines

ICsp values(uM)

KCL22 0.199 £ 0.037
K562 0.218 £ 0.091
KU8I2 0.216 £ 0.076

KCL22/SR 1.779 + 0.934
K562/SR 1.245 £ 0419
KUS812/SR 1.526 £ 0.308

Ratio x8.940
Ratio x5.711
Ratio x7.065

cells, we examined the level of the chaperone protein
HDIJ-2, which is a substrate of farnesyltransferase, by
Western blot analysis using an anti-HDIJ-2 antibody
[41]. Treatment of cells with R115777 resulted in signifi-
cant accumulation of unprocessed HDIJ-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 ICsq 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/ABIL-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 ICsy 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 R115777 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 RI15777 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 KS62, K562/SR, KU812 and KUS812/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 ICsy 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 p27Km‘
Consistent with our previous findings, p275TF! 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 ICso 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, KCL22 and KCL22/SR cells. In contrast, the percentage of
the combination treatment with ICsq concentrations of GO/G1 cells among K562, KU812, K562/SR or KU812/SR

R115777 and imatinib also promoted p27<™" accumula- cells was not increased but rather decreased by combina-
tion and significantly increased the percentage of GO/GI tion treatment (Fig. 3B). Consistent with these results, the
cells (Fig. 3A and B). To determine whether a higher levels of cycline D1 were decreased after combination
concentration of imatinib could induce cell cycle progres- treatment in K562, KU812, K562/SR and KU812/SR cells
sion and thus lead cells to apoptosis, we next examined the (data not shown). The p27KIP1 level in KU812/SR cells was
effect of combined treatment with 5 WM imatinib and ICs slightly increased and maintained for 24 h by treatment
concentration of R115777 on p27¥%! expression and GO/ with imatinib alone, whereas the level was increased at
G1 accumulation. The results showed that the combination 6 h but declined afterward in K562, K562/SR and KU812
of the reagents at these concentrations increased p27<'! cells (Fig. 3A). Interestingly, combination treatment with
level and the percentage of GO/G1 cells to the same level R115777 and imatinib had no inhibitory effect on the
and percentage as those in the case of 1Csy concentrations imatinib-mediated induction of p27KIPI expression in these
of R115777 and imatinib (data not shown). These findings cells (Fig. 3A). These results suggest that GO/G1 accumu-
suggest that the combination could not abrogate the ima- lation was not induced in these cells, unlike in KCL22 and
tinib-induced activation of G1 checkpoint and that induc- KCL22/SR cells, despite G1 checkpoint activation, prob-
tion of cell cycle arrest rather than induction of apoptosis ably due to the significant induction of apoptosis after
was thus the main cause of synergistic growth inhibition in combination treatment.
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Fig. 3. Effect of combination treatment with R115777 and imatinib on the cell cycle. (A) Changes in 1)27“Pl protein levels in cells treated with imatinib alone
or with a combination of R115777 and imatinib. Cells were cultured in the absence of any reagent for 3 days prior to the treatment and then treated with ICsp
concentrations of imatinib alone or 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-p27%F! antibody. Anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody was used as a control for
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 ICs,
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

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 model 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 KUS812/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 FTI-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 MEK1 (a down-

streain 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]. Itis 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 KU8§12/
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 KCL22/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.

p275"®! 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 p27KIPl 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<7" level (in K562,
KU812, KCL22 and KCL22/SR cells) or had no effect on
the p27¥T"! 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/G1 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 uM ima-
tinib also resulted in GO0/G1 accumulation but not in
induction of apoptosis {46]. In this study, combined treat-
ment of KCL22 and KCL22/SR cells with R115777 and a
higher concentration (5 uM) of imatinib also resulted in
GO/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
KUS812/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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KCL22, KCL22/SR

R115777
imatinib

(A)

K562, KUS12, K562/SR, KUS12/SR
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imatinib

®)

T GO/G1
4 G! checkpoint accumulation
\/\

Apoptosis

== | GI checkpoint

Apoptosis

Fig. 4. Hypothetical scheme of the different responses to the combination of R115777 and imatinib in BCR/ABL-positive cells. (A) The combination treatment
activates the G1 checkpoint, leading to G0/G1-phase accumulation in KCL22 and KCL22/SR cells, in which apoptosis signaling breaks down. (B) K562,
KU812, K562/SR and KU812/SR cells undergo apoptosis with the combination treatment without induction of G0/G1 accumulation.

KUS812, 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 G1 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 KU812/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 G1 checkpoint may be
required to eradicate these types of leukemia cells.
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<Abstract>- A novel Philadelphia-chromosome positive (Ph+) cell line, TCC-S, has been
established from a patient with Ph+ chronic myeloid leukemia (CML) in the blastic crisis.
TCC-S cells were shown to express both P210 and P190 BCR/ABL transcripis by reverse
transcriptase-polymerase chain reaction (PCR), although quantitative-PCR revealed that TCC-S
cells mainly expressed P210 BCR/ABL transcript. Karyotype analysis revealed several triploid
clones which constantly harbored two der(9)del(9) (p12)t(9;22) (q34;q11)s and two
del(9) (q21)s. The der(9)del(9) (p12)t(9;22) (434;q11) is rarely found in other CML cell lines.
Moreover, to the best of our knowledge, del(9) (q21) resulting in missing of a restrict region
including normal ABL gene has not been found among CML cell lines previously described.
Thus, TCC-S cells with only BCR/ABL gene and no normal ABL gene may be a useful tool for
functional study of ABL in Ph+ CML.
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BCR/ABL transcript, P190 BCR/ABL transcript, ABL.
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patients with CML"?. As the result, a fusion of the ABL

Introducti
ntroduction (Abelson) gene” at chromosome band 9q34 and the

Chronic myeloid leukemia (CML) is a pluripotent a4

BCR (breakpoint cluster region) gene at

stem cell disease resulting from oncogenic
transformation. The hallmark of CML, Philadelphia
translocation, t(9;22) (q34;q11) is found in 90 to 95%
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chromosome band 22q11 occurs forming a chimeric
BCR/ABL gene at 22q11. This chimeric gene is
reported to be transcribed to P190™%, P210”?, or P230°”
kDa BCR/ABL oncoprotein according to the
breakpoint within BCR. These BCR/ABL oncoproteins
show constitutively active tyrosine kinase activity and
are implicated in the pathogenesis of CML with diverse
actions on hematopoietic cells, including
transformation, protection of apoptosis, cell cycle
progression, altered cell migration and altered
adhesion to the extracellular matrix.

Here, we report establishment of a novel Ph
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chromosome positive (Ph+) CML cell line, designated
TCC-S, which was derived from a patient with Ph+
CML in the blastic crisis (BC). Karyotype analysis of
TCC-S cells revealed several triploid clones which
constantly harbored two der(9)del(9) (p12)t(9;22)
(g34;q11)s, two del(9)(q21)s and two der(22)1(9;22)
(g34;q11)s. More than 40 Ph+ CML cell lines have
been established so far, and a missing of whole normal
chromosome 9 is occasionally reported among them.
However, to the best of our knowledge, this
del(9) (q21), resulting in the missing of a restricted
region of the long arm of chromosome 9 including
normal ABL gene at 9q34, has never been found. Thus,
TCC-S cells, with only BCR/ABL gene and no normal
ABL gene may provide a useful tool for functional
study of normal or altered ABL gene in Ph+ CML.

Materials and Methds

Case report

A 46-year-old Japanese man was found to have a
leukocytosis at the health examination in August 1988.
In June 1989, he took an examination for hematologic
malignancies at Utsunomiya Social Insurance Hospital.
His bone marrow (BM) was found to be hypercellular
with marked increase of myeloid lineage cells without a
leukemic hiatus. Cytogenesis study of the BM cells
showed 46, XY, t(9;22)(q34;q11) [20/20]. The
diagnosis of Ph+ CML in the chronic phase was made.
Treatment with 1-2 mg/day carboquone was started.
His hematologic findings in December 1989 were as
follows: white blood cell (WBC) 10.1X10%/L (1.0%
meta-myelocytes, 74.5% neutrophils, 3.1% eosinophils,
6.1% basophils, 6.1% monocytes and 9.2% lymphocytes),
red blood cell 5,150%10°/L, hemoglobin 158 g/L, and
platelet 595X 10°/L. In September 1991, WBC began to
increase with 78% myeloid blasts. The BM aspirate
showed hypercellular BM with 73% myeloid blasts
which expressed the positivity of CD13 and CD33 and
the negativity of peroxidase staining. In October 1991,
chromosome study of BM cells showed 46, XY,
t(9;22) (q34;q11) as a main clone together with several
sub-clones with Ph translocation (Table 1). The
diagnosis of the myeloid blastic crisis was made. He
was treated with a combined chemotherapy with
behenoyl cytarabine (a long-acting depot form of

26

cytarabine)”, 6-mercaptopurine, daunomycine and
prednisone. However, he died from pneumonia on
October 31, 1991.

Cell culture

The leukemic cells were obtained from the patient’s
BM during the blastic crisis in October 1991 with
informed content. The cells were cultured in a flask
containing RPMI 1640 medium (Sigma Chemical Co.,
MO, USA) supplemented with 10% heat-inactivated
fetal bovine serum (ICN Biochemicals, Irvine, USA),
100 U/mL penicillin and 100 xg/mL streptomycin
(Nacalai Tesque, Inc., Kyoto, Japan) (later called as
“culture media”), in a humidified atmosphere of 5%
CO.. Half of the culture media was replaced once a
week.

Cell morphology

2 to 3 X 10° cells were used to prepare slides by
using a Shandon Cytospin 2 (Thermo Electron
Corporation, Waltham, USA). Cell morphology was
observed under a light microscopy after Wright-
Giemsa staining.

Immuno-phenotype analysis

Cell surface antigens were analyzed by using a
FACsCalibur (BD Bioscience, San Jose, USA). The
monoclonal antibodies, CD2, CD3, CD4, CD5, CD7,
CDg, CD10, CD13, CD14, CD19, CD20, CD33, CD34,
CD56 and HLA-DR, were used with a direct staining
technique.

Cytogenetic study

Metaphase slides were prepared with a high-
resolution method described elsewhere”. In brief, 5 X
10° cells were cultured in 10 mL culture media, and
were harvested after exposure in 300 xg/mL
thymidine (Sigma Chemical Co.) for 16 hours. Then,
the cells were exposed to 12.5 xg/mL bromo-
deoxyuridine (Wako Pure Chemical Industries, Osaka,
Japan) for 5.5 hours, and 0.05 xg/mL demecolchin
(Invitrogen Ltd., Carlsbad, USA) for 30 minutes,
followed by treatment with 0.05 M KCL for 20 minutes.
The cells were fixed with mix of methanol and glacial
acetic acid (ratio 3:1). Slides were made with air-dry
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