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ABSTRACT

Two ether lipids, CP-46,665-1 (4-aminomethyl-l-|2,3-(di-ji-decyloxy)-
fi-propyl]-4-phenylpiperidine)and ET-18-OCHj (racemic 1-O-octadecyl-
2-0-methylgIycero-3-phosphocholine) have been shown to possess anti-

leukemic activity in vitro. To explore the possible use of these compounds
for purging remission bone marrow cells of leukemic cells, we examined
the cy tot ox Â¡ceffect of these compounds on normal hematopoietic progen
itor cells and leukemic cell line cells (FIL-6II, K-562, KG-la, KG-1, and

Daudi) by using the clonogenic assay.
When cells were treated with CP-46,665-1 or ET-18-OCHj (50 Mg/ml

for 1 h), these compounds did not inhibit the growth of normal progeni
tors, whereas the growth of the clonogenic leukemic cells was inhibited
with differences in their sensitivities to the cytotoxic effect of CP-46,665-
1 and ET-18-OCÃœ3. Incubation of leukemic cells (HL-60 and Daudi
cells) with both CP-46,665-1 (50 Mg/ml) and ET-18-OCH, (50 /ig/ml)

for l h resulted in a greater reduction of clonogenic leukemic cells than
treated with each compound alone. Approximately a 3 log killing of
clonogenic 111.-61Â»cells and a 5 log killing of Daudi cells was achieved;
however, the combined treatment of normal bone marrow cells with CP-
46,665-1 and ET-18-OCHj did not alter the growth of normal progeni

tors. This combined treatment also selectively eliminated the leukemic
cells (HL-60 and Daudi cells) from a mixture (1000:1) of normal bone

marrow cells and leukemic cells. It is conceivable that the pronounced
difference in sensitivity to this combined treatment can be exploited for
the elimination of residual leukemic cells in autologous remission marrow
grafts.

INTRODUCTION

Certain ether lipids have been reported to possess antileu-
kemic activity in vitro. This activity is mediated partially by
enhancing the cytotoxic properties of macrophages and by a
direct effect on leukemic cells (1-3). Among them, ET-18-
OCH33 has been reported to be selectively toxic to leukemic

cells (4, 5). This selectivity is due presumably to low or absent
levels of 0-alkyl-cleavage enzyme in neoplastic cells but not in
normal cells (4, 6). A lack of this enzyme resulted in the
accumulation of this compound in neoplastic cells causing
injury to the cell membrane by disturbing phospholipid metab
olism. We have demonstrated that this compound selectively
eliminated leukemic cells from a mixture of leukemic cells and
normal bone marrow cells in both animal and human systems
(7, 8), and we have explored the possible use of this compound
for purging leukemic cells in autologous marrow transplanta
tion in acute leukemia. However, we have seen some heteroge
neity in the sensitivity of leukemic cells to ET-18-OCH3. To
overcome the heterogeneity of leukemic cells and effectively
purge marrow cells of leukemic cells, a combination of drugs
or other purging methods may be required.
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CP-46,665-1 is an alkyl-linked lipoidal amine (9) which also
has a direct antileukemic activity by injury to the cell membrane
(10). This activity was thought to be considerably greater than
thatofET-18-OCH3(10).

Therefore, this compound might also be used for purging
leukemic cells. However, its effect on the growth of normal
hematopoietic progenitors had not been previously tested. Fur
thermore, the direct cytotoxic effect of CP-46,665-1 on leu
kemic cells was demonstrated when cells were treated with this
compound continuously for more than 24 h at lower concentra
tions (10). This setting might be unrealistic in the clinical
autologous bone marrow transplantation because of loss of
viable hematopoietic progenitors.

One aim of this study was to determine whether CP-46,665-
1 has selective cytotoxicity to leukemic cells. Using the clono
genic assay, we examined the effect of short-term treatment
with higher concentrations of CP-46,665-1 on the growth of
normal human hematopoietic progenitors and several human
leukemic cell lines. A further aim was to explore the possible
combined use of CP-46,665-1 and ET-18-OCH3 for purging
bone marrow to achieve complete killing of residual leukemic
cells without altering the viability of normal hematopoietic
progenitors.

MATERIALS AND METHODS

Antileukemic Compounds. CP-46,665-1 was kindly supplied by Dr.
K. E. Jensen, Central Research, Pfizer, Inc. ET-18-OCH3 was a kind
gift of Dr. W. E. Berdel, Technical University, Munich, Germany. The
drugs were dissolved in RPMI 1640 medium containing 10% FBS
(GIBCO, Grand Island, NY), the solutions were sterilized by micropore
filtration (0.22 firn: Gelman Sciences, Inc., Ann Arbor, MI) and stored
at -20"C until used.

Cells. Normal bone marrow cells: Histologically normal bone mar
row cells were obtained by direct aspiration from a patient with acute
leukemia in remission or by crushing bone marrow fragments provided
from orthopedic surgery. Bone marrow mononuclear cells were sepa
rated by Ficoll-Hypaque (Histopaque-1077, Sigma Chemical Co., St.
Louis, MO). In all instances, informed consent was obtained to donate
a bone marrow specimen for research purposes.

Leukemic Cells. Five leukemic cell lines were used in this study. The
HL-60 human promyelocytic cell line was obtained from Dr. Robert
Gallo, NIH, Bethesda, MD (11). The K-562 cell line, established from
a patient with blastic crisis of chronic myelogenous leukemia, was
obtained from Dr. Bismark Lozzio, University of Tennessee, Knoxville,
TN (12). The Daudi human B-cell leukemic cell line was obtained
through American Type Culture Collection, Rockville, MD (13). The
KG-1 and KG-la human myeloblastic leukemic cell lines were kindly
supplied by Dr. H. Phillip Koeffler, University of California, Los
Angeles, CA (14, 15). All cell lines were continuously cultured at 37'C

in a 5% CO, atmosphere in RPMI 1640 medium containing 10% heat-
inactivated FBS except the KG-1 cell line which was cultured in RPMI
1640 medium supplemented by 20% FBS. All studies were done in log-
phase growth.

Treatment of Cells with Ether Lipids. Cells were incubated at 37Â°C

in 5% CO2 for 1 and 4 h with various concentrations of CP-46,665-1
and/or ET-18-OCH3. Incubation was performed in a plastic culture
tube in RPMI 1640 medium containing 10% FBS and 5x10" cells in

a volume of 1 ml. After the incubation, cells were washed twice with
RPMI 1640 medium and viability and clonogenicity were examined. In
some experiments, incubation was performed in the RPMI 1640 me-
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ilium containing various amounts of FBS (up to 50%) or at room
temperature (25Â°C).

Cell Viability. After incubation with these compounds, the cells were
cultured in RPMI 1640 medium containing 10% FBS for 24 h and
viability of the cells was examined by trypan blue dye exclusion.

Clonogenic Assay. Normal hematopoietic progenitors: CFU-GEMM,
CFU-E, BFU-E, GM-CFC, and GM-clusters were assayed according
to a modification of the methods of Fauser and Messner (16). The cells
were cultured in medium containing 0.8% methylcellulose, 30% FBS,
0.3% bovine serum albumin, Sx IO"5 M mercaptoethanol, 5.6 x IO"8

M selenium, 10% human serum, and the following stimulators: 5%
phytohemagglutinin stimulated leukocyte conditioned medium (17),
10% HPCM (18), and 1 U/ml erythropoietin (Step III; Connaught,
Ontario, Canada). One-mi aliquots containing 1 x 10s cells were
cultured in triplicate in 35-mm culture dishes (Lux; Miles Scientific,
Naperville, IL) at 37'C in a 5% humidified atmosphere. The growth of

colonies on each plate was scored on day 14 of culture. The total normal
progenitors was defined as the sum of CFU-GEMM, CFU-E, BFU-E,
GM-CFC, and GM clusters.

Clonogenic Leukemic Cells. After adequate dilution of cell suspen
sions, leukemic cells (5 x IO2 to 5 x IO3 cells) were cultured in the

medium used for the assay of normal hematopoietic progenitors without
stimulators except for the growth of KG-1 and KG-la where 10%
HPCM was added to the culture system. Cell aggregates consisting of
more than 40 cells were scored as colonies on day 7 of culture (HL-60
and K-562) or on day 14 of culture (KG-1, KG-la, and Daudi). In those
experiments where there was increased killing of leukemic cells ex
pected, the plating density of cell lines was increased up to 5 x 10* per

dish in order to provide enough colonies to evaluate. This assay can
measure the elimination of almost 5 logs of clonogenic tumor cells.

Cryopreservation and Thawing of Cells Treated with Ether Lipids.
Cells were suspended in RPMI 1640 medium containing 10% FBS and
10% dimethylsulfoxide (Sigma) and were frozen at a controlled rate of
-l*C/minute to -80'C, then stored in the vapor phase of liquid

nitrogen. Freezing was accomplished in freezing vials (Nunc, Denmark)
containing 1 ml final volume at a final cell concentration of 3-5 x 10'V

ml. Thawing of cells was performed rapidly by placing the vials in a
37*C water bath. After thawing, the dimethylsulfoxide concentration

was reduced by stepwise dilution in medium to a concentration below
0.1%. Deoxyribonuclease (type 1; Sigma) at a final concentration of
100 Â¿ig/mlwas used when there was cell clumping.

Y-Chromatin Examination. Individual colonies were plucked and
placed directly onto slides. After air drying and fixation in acetic
acid:methanol fixative (1:3), the cells were stained for 15 min in a
0.25% solution of quinacrine dihydrochloride (Sigma). Quinacrine so
lution was made by mixing a 0.5% aqueous solution of quinacrine
dihydrochloride with an equal volume of citric acid phosphate buffer
(pH 5.5). The slides were rinsed in running water for 1 min, cover-
slipped, and examined by fluorescent microscopy. Y-Chromatin posi-
tivity was defined as a bright fluorescent mass about 0.25 Â¿tmin
diameter, peripheral and nonperipheral in location within the nucleus.
A colony was considered Y-chromatin positive when it contained a
fluorescent mass in more than 25% of its nuclei.

Statistical Methods. For comparisons of means, the unpaired t test
was used. A /' value of <0.05 was considered significant.

RESULTS

Cytotoxic Effect of CP-46,665-1 on the Normal Hematopoietic
Progenitors. To assess the feasibility of using CP-46,665-1 for
the purging of leukemic cells from remission marrow, we ex
amined the effect of a short-term exposure to CP-46,665-1 and
freezing and thawing on the growth of normal hematopoietic
progenitors. When bone marrow cells obtained on four separate
occasions were incubated with 50 Â¿Â¿g/mlof CP-46,665-1 for 1
h, the growth of normal progenitors was not significantly al
tered. But CP-46,665-1 significantly reduced the number of
colonies when the marrow cells were treated with 100 ng/ml of
CP-46,665-1 for l h (Table 1). There was no selective loss of

Table 1 Effect of CP-46,665-1 and the process of freezing and thawing on the
growth of normal progenitors

CP-46,665-1Time1

h/ig/ml0
50100Survival

of total progenitors(%)"Before

freezing100

88.6 Â±2.9
40.8 Â±8.6*After

thawing68.3

Â±5.7
48.4 Â±9.2
21.0 Â±4.0e

" Survival of progenitors before freezing is expressed as a percentage of control
of total progenitor growth (165 Â±25/10* bone marrow cells). Survival of total

progenitors after freezing was calculated as follows: % survival of total progenitors
without freezing x total progenitors after thawing/total progenitors cryopre-
served. Each mean (+ SE) represents four separate experiments.

* Varied significantly from control (/' < 0.05). Calculation of P value based on

the absolute number of total progenitors.
c Varied significantly from control (P < 0.001).

Table 2 Effect of CP-46,665-1 and the process of freezing and thawing on the
composition of progenitors

Composition of progenitors (%)'
CP-46,665-1 â€”

Gig/mL) GM-CFC GM cluster BFU-E CFU-E CFU-GEMM

Before freezing and thawing
0 30.2 Â±3.9 31.9 Â±7.5 30.9 + 8.6 6.3 Â±1.0 0.7 + 0.3

50 29.7 Â±5.0 35.2 Â±6.5 28.0 + 9.6 6.6 Â±1.0 0.5 + 0.2
100 27.0 Â±2.8 47.3 +10.8 21.5+10.6 3.8 Â±1.4 0.4 Â±0.3

After freezing and thawing
0 28.1 Â±3.3 31.8 Â±3.0 30.8 Â±4.4

50 29.5 + 2.5 40.1 Â±3.8 24.4 Â±4.2
100 30.0 Â±2.3 40.5 Â±3.5 27.0 Â±4.4

8.3 Â±2.6 1.0 + 0.2
6.0 Â±1.9 0.0 Â±0.0*
2.5 Â±0.3 0.0 Â±0.0*

" One-h treatment.
* Varied significantly from untreated sample (/' - 0.01).

granulocyte, erythroid, and mixed colonies in any sample (Table
2). Incubation of the marrow cells for 4 h with more than 50
ÃÃg/mlconcentration of CP-46,665-1 completely inhibited the
growth of normal progenitors (data not shown). When the
marrow cells exposed to 50 ng/ml of CP-46,665-1 for l h were
cryopreserved before culture for hematopoietic progenitors,
about 50% of progenitors was lost; however, the loss of progen
itors was not statistically different from the loss in the untreated
cultures (Table 1). On the other hand, when the cells were
treated with 100 ng/ml of CP-46,665-1 for l h and then
cryopreserved, loss of progenitors was greater than that of
untreated cells. As far as the composition of progenitors is
concerned, Cryopreservation of marrow cells treated with CP-
46,665-1 resulted in a smaller proportion of CFU-GEMM
(Table 2).

Effect of CP-46,665-1 and ET-18-OCH3 on the Clonogenicity
and Viability of Leukemic Cells. Using up to 50 Â¿ig/mlconcen
trations of CP-46,665-1 for l h incubation which spared the
normal progenitors, we examined the effect of CP-46,665-1 on
clonogenicity and viability of leukemic cell lines and compared
the effect with that of ET-18-OCH3. Because these compounds
have similar molecular weight, we compared the two com
pounds at a Mg/ml level. Five leukemic cell lines (four myeloid
leukemic cell lines and one lymphoid leukemic cell line) were
examined. The growth of all leukemic cell line cells assayed by
colony formation was inhibited by CP-46,665-1 (range, 99.0-
42.5%) (Table 3). This cytotoxic effect was greater than that of
ET-18-OCH3 on Daudi, and K-562, equal to that of ET-18-
OCH3 on KG-1, KG-la, and less than that of ET-18-OCH3 on
HL-60. The viability of cells treated with CP-46,665-1 also
decreased in a similar relationship as that observed in the colony
assay (Table 4); however, in the case of Daudi cells, the differ
ences between CP-46,665-1 and ET-18-OCH3 were not signif
icant.

Effect of Temperature and Serum Concentration in the Incu
bation System on the Cytotoxic Effect of CP-46,665-1. To deter
mine some of the conditions of incubation with CP-46,665-1
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Table 3 Effect of CP-46,665-1 and ET-18-OCH) on the clonogenicity of
leukemic cell line cells

Results are expressed as percentage of survival of colonies (mean Â±SE). Mean
of absolute number of colonies in control culture Â±SE is shown in parentheses.

CelllineHL-60

(N=Daudi

(N=K-562

(N=KG-la(JV

=KG-1

(N ==

10)6)7)=

5)3)Concen

tration
ofdrugfag/ml)025500255005002550050DrugCP-46,665-1

ET-18-OCH,100

(497 + 79/103cells)57.5
+ 2.1 35.3 Â±3.831.8
Â±5.6 14.4Â±1.6100

(328 + 35/103cells)18.7
+ 9.8 72.6Â±16.81.0
Â±0.3 20.5 +6.8100

(492 Â±19/1 03cells)37.2

Â±13.0 97.8Â±16.0100
(314 Â±95/10*cells)49.9

Â±9.7 75.5 Â±17.811.4
Â±6.3 34.2Â±9.1100

(58 Â±24/10*cells)12.5

Â±5.8 13.0 Â±4.1P

value"P<

0.001/><0.01/><0.05P

<0.02/><0.02NS*NSNS

' P value compares treated with CP-46,665-1 to treated with ET-18-OCH3.
* NS, not significant.

Table 4 Effect of CP-46,665-1 and ET-1S-OCH, on the viability of leukemic cell
line cells

Results are expressed as percentage of control. Mean Â±SE of viable cells as
(%) in control culture is shown in parentheses.

Concen
tration
ofdrugCell

line(jig/ml)HL-60

(N=Daudi

(N=K-562

(N=KG-la(Af

=KG-1(/V

=â€¢

10)7)5)â€¢

4)3)025500255005002550050DrugCP-46,665-1

ET-18-OCHj100

(95.9 Â±2.1)87.6
Â±1.6 59.6Â±2.266.1
Â±7.8 14.1 Â±7.0100

(92.2 Â±1.7)57.4
Â±20.9 81.1Â±6.823.6+14.4

31. 7Â±7.5100
(96.5 Â±1.7)71.8
Â±11.8 99.0Â±3.3100(99.9

+0.1)94.0
Â±3.6 89.8Â±3.145.4
Â±11.4 79.5Â±4.0100(92.9

+2.1)23.0
Â±14.4 56.4 Â±15.9P

value"P<

0.005P
<0.005NS*NS/"<0.05NS/><0.01NS

Â°P value compares cell line treated with CP-46,665-1 to treated with ET-18-

OCHj.
* NS, not significant.

which might alter the selective cytotoxicity of CP-46,665-1
between normal and leukemic cells, we assessed the effect of
temperature and of FBS concentration on the growth of normal
progenitors and clonogenic HL-60 cells. When the cells were
treated with 50 and 100 ^g/ml CP-46,665-1 for 1 h, CP-46,665-
1 showed little difference in cytotoxicity at 25 or 37Â°Cfor either

normal or leukemic cells. On the other hand, changing serum
concentration in the incubation system did have an effect upon
the survival of colonies. As shown in Fig. 1, increasing the
concentration of FBS up to 50% improved the percentage of
survival of normal progenitors (88.6 Â±2.9% to 100.5 Â±2.6%
at 50 jug/ml, P < 0.05; 40.8 Â±8.6% to 89.8 Â±7.1% at 100 /ig/
ml, P < 0.01). However, the increase of serum concentration
also resulted in sparing some of the clonogenic HL-60 cells
(31.8 Â±5.6% to 54.6 Â±7.0% at 50 Mg/ml, P < 0.05; 8.3 Â±3.9%
to 33.1 Â±9.4% at 100 Mg/ml, P < 0.05). CP-46,665-1 com
pletely inhibited the growth of normal progenitors and HL-60
cells incubated with more than 50 Mg/ml concentrations of CP-
46,665-1 for 4 h regardless of the concentration of FBS (up to
50%). Increased serum concentration in the incubation system
also augmented the survival of other clonogenic leukemic cells
(KG-la, K-562, and Daudi) (data not shown). As far as the HL-
60 cells were concerned, when cells were treated with 100 ng/
ml concentration of CP-46,665-1 for l h in RPMI1640 medium
supplemented with 30% FBS, there was no marked improve-
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Fig. 1. Effect of the serum concentration in the incubation mixture on ihe
cytotoxicity of CP-46,665-1. Normal bone marrow cells (CD)and clonogenic HL-
60 cells IM were treated with various concentrations of the compound in RPMI
1640 medium supplemented with 10% (left) or 50% (right) FBS for 1 h, then
washed and cultured in methylcellulose. Each column represents means % survival
of colonies + SE of at least three separate experiments. Control total normal
progenitor growth was 165 + 25 (for FBS 10%) and 166 + 24 (for FBS 50%) per
10*marrow cells. Control HL-60 colonies were 497 Â±79 (for FBS 10%) and 473
Â±66 (for FBS 50%) per IO3HL-60 cells.

Table 5 Effect of combined treatment with CP-46,665-1 and ET-I8-OCH3 on the
growth of normal hematopoietic progenitors and clonogenic leukemic cells

Results are expressed as percentage of control progenitor growth (mean Â±SE).
Control normal total progenitor growth was 158 + 16/10' marrow cells. Control
HL-60 and Daudi colonies growth was 561 Â±26 and 328 Â±35/103 cells,
respectively.

Drug(jig/mL)CP-46,665-102502550050ET-18-OCHj00252505050Normal
progenitors100ND4NDND84.3

Â±1.798.8

Â±1.394.2

Â±5.9HL-6010057.5

Â±2.1(P<O.OQl)c21.2

Â±1.7(P
<0.02)9.7

Â±2.839.3
Â±12.35.7

+'l.2(P

<0.01)0.17
+ 0.007Daudi(TV

=3)10018.7

Â±9.8(NS)72.6

Â±16.8(P<
0.01)1.9
Â±0.90.8

Â±0.216.4

+6.7(P
<0.05)0.003

Â±0.002
" Total progenitors which are the sum of GM-CFC, GM-Cluster, BFU-E,

CFU-E, and CFU-GEMM.
* ND, not done; NS, not significant.
' r value compared combined treatment to that with each drug alone.

ment in the growth of HL-60 cells (8.3 Â±3.9% to 10.6 Â±5.2%,
mean Â±SE of % survival of colonies). Whereas this condition
significantly improved the growth of normal progenitors (40.8
Â±8.6 to 91.5 Â±8.7, mean Â±SE of % survival of total progen
itors, P < 0.02).

Effect of Combined Treatment with CP-46,665-1 and ET-18-
(XII, on the Growth of Normal Progenitors and Leukemic Cells.
We determined if the combined use of CP-46,665-1 and ET-
18-OCH3 could result in the further reduction of clonogenic
leukemic cells without affecting the growth of normal progeni
tors. Two leukemic cell lines, HL-60 (myeloid leukemic cell
line) and Daudi (lymphoid leukemic cell line), were examined
in this experiment. Results are shown in Table 5. ET-18-OCH3
did not alter the growth of normal progenitors at 50 Mg/ml
after 1 h incubation as observed previously (8). When the four
different normal marrow cells were treated with 50 /xg/ml
concentration of both compounds for 1 h, no significant reduc
tion of normal progenitors was observed. On the other hand,
when the HL-60 and Daudi cells were treated with both com
pounds, greater reduction of clonogenic leukemic cells was
observed than when treated with each compound alone (ap
proximately 3 log killing of HL-60 cells and 5 log killing of
Daudi cells). Freezing and thawing of cells treated with both
compounds resulted in further reduction of clonogenic leukemic
cells (about a 5 log reduction of HL-60 cells and more than a 6
log reduction of Daudi cells) with some effect upon the recovery
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of total normal progenitors (37.1 Â±1.8% of total progenitors
were recovered).

We then examined whether the combined treatment also
effectively killed the leukemic cells in the presence of a large
amount of normal marrow cells. Normal marrow cells were
mixed with 111.d() cells or Daudi cells at a ratio of 1000:1.
These mixtures were treated with the two ether lipids simulta
neously. HL-60 or Daudi cell colonies could easily be distin
guished from normal granulocytic colonies by their distinctive
morphology. However, to confirm that the colonies counted as
such were of leukemic cell origin, morphological analysis of
cells in the colonies were performed. Furthermore, in the mix
ture of marrow cells derived from a female donor and Daudi
cells, which were derived from a male patient, the presence of
Y-chromatin in cells from individual colonies was examined.
As shown in Fig. 2, when the cell mixtures were treated with
CP-46,665-1 or ET-18-OCH3 these compounds inhibited the
growth of leukemic colonies without reducing the normal col
onies, and combined treatment with 50 ng/m\ concentrations
of both compounds completely eradicated observable leukemic
cells from both cell mixtures while sparing the normal progen
itors. Complete eradication of leukemic cells was also con
firmed by culturing the cell mixture which had been treated
with both compounds in a liquid media (5 x 10" cell mixture

cells/10 ml RPMI 1640 containing 10% FBS). No leukemic
cells regrew after 14 days in culture.

DISCUSSION

In this study, we demonstrated that CP-46,665-1 was selec
tively cytotoxic to several leukemic cell lines when the cells
were exposed to 50 fig/ml concentration of this compound for
1 h. In comparing its cytotoxicity toward leukemic cells with
that of ET-18-OCH3, CP-46,665-1 did not uniformly show
greater cytotoxicity; also, various leukemic cell lines have some
differences in their sensitivities to these ether lipids. Further
more, the cytotoxicity of CP-46,665-1 was independent of the
temperature of the incubation system. This finding is quite
different from that for ET-18-OCH3 which has been shown to
be highly temperature-dependent in its cytotoxic action (19).
As far as their effects on hematopoietic progenitors are con
cerned, CP-46,665-1 seems to be more toxic than ET-18-OCH3
which did not alter the growth of hematopoietic progenitors in
up to 4 h incubation at 50 Mg/ml concentration (8). These

100-1.g

8Â°-Ã´
<jâ€ž
60'o>

40'Â¡Â»100-"1

*Â«11

S'"5

â€¢60-oI

40-iÂ»ET

0 50 0 50 ET 0 50 0 50
CP 0 0 50 50 CP 0 0 50 50

Drug (pg/mL) Drug (pg/mL)
Fig. 2. Effect of CP-46,665-1 (CP) and ET-18-OCH3 (ET) on the mixture of

normal bone marrow cells and leukemic cells. Normal bone marrow cells (CD)
were mixed with HL-60 cells M (left) or Daudi cells (D) (right) at a ratio of
1000:1, treated with CP and ET, then washed and cultured in methylcellulose.
Columns, % survival of colonies (mean of three separate determinations). Normal
colonies imply the total normal progenitors. Control growth of total normal
progenitors, HL-60 cells and Daudi cells was 209, 39, and 41 per 10s cell mixture

cells, respectively.

observations may indicate that these two ether lipids have
different mechanisms for their direct cytotoxicity.

Unlike many other chemotherapeutic agents, the cell mem
brane appears to be the major target of ether lipids (3, 10, 20).
This uniqueness may have a benefit since these compounds
would be effective in both cycling and resting cells. However,
the low serum concentrations needed for the cytotoxic activity
of CP-46,665-1 and ET-18-OCH3 (10) might be an obstacle in
its clinical application. Therefore, in vitro use of these com
pounds may be the more effective approach for eliminating
leukemic cells.

For purging leukemic cells from remission marrow for au-
tologous marrow transplantation, a single drug that would
eliminate all the leukemic cells but leave enough cells to restore
total lymphohematopoietic recovery would be quite satisfac
tory. However, we have previously observed that ET-18-OCH3
was not uniformly cytotoxic to leukemic cells from the patients
with acute nonlymphocytic leukemia (21). The same variation
of its sensitivity has been reported about Asta Z 7557 (22).
Therefore, combined use of drugs or combined use of other
purging methods would be necessary to overcome this tumor
heterogeneity toward cytotoxic drugs (23). To address this issue,
possible combined use of these two ether lipids for purging the
leukemic cells was explored in this study. Treating the cells
with two ether lipids at a concentration and incubation time
which did not have an effect upon the growth of hematopoietic
progenitors provided further increase of the selective killing of
leukemic cells in vitro. Augmentation of this cytotoxic effect
through the process of freezing and thawing was also observed.
This treatment was equally effective for both myeloid and
lymphoid leukemic cell lines and the results of killing leukemic
cells were comparable to that achieved by using monoclonal
antibodies (24, 25). In further experiments, it will be necessary
to examine this combined use of ether lipids by using cells from
leukemic patients rather than cultured cells.

Agents which can selective eliminate residual leukemic cells
in remission marrows with no effect on normal bone marrow
stem cells would be ideal. Classer et al. observed that ET-18-
OCH3 was much more toxic to murine leukemic cells than
hematopoietic stem cells as assayed in a spleen colony assay
(7). Unfortunately, in humans, assays of the pluripotent hema
topoietic stem cell do not exist. A correlation has been observed
between the number of progenitor cells infused and hemato
poietic recovery in autologous transplantation in humans (26,
27). This infÃ¨rentÂ¡allysuggests that agents which spare progen
itor cells may spare the pluripotent stem cells as well. However,
Kaizer et al. found that marrows exposed to doses of 4-hydro-
peroxycyclophosphamide which eliminated GM-CFCs were ca
pable of restoring hematopoiesis in vivo (28). Thus the in vitro
assay systems leave a lot to be desired but are the only in vitro
methods available for developing effective purging techniques.
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