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ABSTRACT

The alkyl-linked lipoidal amine 4-aminomethyl-1-[2,3-(di-/7-de-
cyloxy)-n-propyl]-4-phenylpiperidine (CP-46,665) inhibited the In

vitro incorporation of tritiated thymidine into blasts of eight
leukemias and cells of nine different solid tumors of human origin.
This activity was well correlated with trypan blue dye exclusion,
which was tested to assess cell membrane damage. Scanning
electron microscopy revealed loss of cell surface features and
severe cell membrane destruction after incubation with CP-

46,665. These effects on thymidine uptake and single cell viability
were accompanied by a clear loss of the reproductive capacities
of human tumor and leukemic cells as measured in a human
tumor stem cell assay after incubation with CP-46,665.

The above-mentioned cytostatic and cytotoxic effects of CP-

46,665 were dependent on dosage and incubation time. Destruc
tion of leukemic blasts was often completed with Â»5 ng/m\
after an incubation of Â»48hr or ^10 Â¿ig/mlafter an incubation
of 3=24 hr. Cells from solid tumors usually required a slightly
higher drug concentration and longer incubation period for max
imum killing. The alkyl-linked lipoidal amine CP-46,665 often
showed considerably greater efficacy than did the alkyl-linked
phospholipid rac-1 -O-Å“tadecyl-2-O-methylglycero-3-phospho-
choline tested in comparison. In contrast to both drugs, 2-

lysophosphatidylcholine showed only minor activity within the
same dose range.

INTRODUCTION

Recently, there is increasing interest in the antitumor activities
of certain ether-lipids. ALP,2 e.g., represent a new class of

biological response modifiers (28), which inhibit the growth (27,
28) and the metastasis (5) of syngeneic murine tumors, and also
have been used successfully in treating experimental rat tumors
(10,11). This activity might be partially mediated by enhancing
cytotoxic properties of macrophages (5,27,28) and direct effects
on neoplastic cells, since some ALP destroy leukemic (3,26,35)
and tumor cells (6, 31), and others induce differentiation of
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leukemic blasts (18) or counteract tumor cell invasion (34).
Putative molecular mechanisms have been reviewed recently (4).
First clinical pilot studies with the analogue ET-18-OCH3 are in
progress (9). However, other groups of ether-lipids have also

been shown to possess antitumor activity. They include glyceryl
ethers of fatty alcohols (2, 13), haloanalogues of ALP (12),
thioether-lysophospholipid derivatives (7), alkylethyleneglyco-
phospholipids (19, 20), and 1-alkyl-2-acetamideglycero-3-phos-
phocholine, and other analogues of platelet-activating factor (16).

CP-46,665 (4-aminomethyl-1 -[2,3-{di-n-decyloxy)-n-propyl]-4-
phenylpiperidine) is an alkyl-linked lipoidal amine (Chart 1), which

has been shown to produce clear antimetastatic effects in rodent
tumor models, such as the B-16 melanoma in mice and the rat
mammary adenocarcinoma line 13762 (38). Although CP-46,665

does not induce Interferon production and does not enhance
natural killer cell activity (17), its activity was interpreted as being
due to biological response modification, since it enhances the
tumor-cytolytic properties of peritoneal exÃºdatecells and alveolar

macrophages (17, 25, 38). Direct cytotoxic properties of the
compound were also noted (17), but these effects have not been
explored previously.

Investigating the cytotoxic properties of a broad variety of
ether-lipids, CP-46,665 was introduced in our in vitro antitumor

screening system, consisting of a variety of assays measuring
cytotoxic effects of a test compound at different sites of the cell,
which not necessarily correlate (30). This report deals with the
cytostatic and cytotoxic effects of CP-46,665 in human leukemic
and tumor cells in vitro. CP-46,665 was tested in direct compar
ison to ET-18-OCH3, which thus far is one of the most active
ALP, and to 2-LPC, which represents an ester-linked lysophos-

pholipid of low activity.

MATERIALS AND METHODS

Drugs. CP-46,665 was supplied by Dr. K. E. Jensen, Pfizer Central

Research (Croton, CT). Details on chemistry, pharmacokinetics, and
toxicology have been published before (17, 25, 38). The ALP ET-18-

OCH3 tested in comparison was purchased from Medmark Chemicals
(D-8022; Gruenwald bei Muenchen, Federal Republic of Germany). The
ester-linked 2-LPC was purchased from F. Roth (D-7500; Karlsruhe,

Federal Republic of Germany). Chart 1 depicts the chemical structures
of the 3 compounds tested. The substances were dissolved in RPMI
1640 (GIBCO No. 240; Glasgow, Scotland, United Kingdom) supple
mented with 10% FCS (GIBCO No. I 76) containing 50 units of penicillin
and 50 ng of streptomycin per ml. The solutions were sterilized by
micropore filtration (0.22 /mi; Millex; Millipore, Molsheim, France) and
eventually stored at -20Â°.

Cells. Cells of 10 solid tumors and 9 leukemias were tested.
Tumor Cells. Cells of 10 solid tumors, histologically identified as

neoplastic tissue, were minced into pieces (<1 cu mm) and then sus-
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Chart 1. Chemical structures of CP-46,665 (A), ET-18-OCH3 (B), and 2-LPC

(C).

pended in cold PBS. Sediments of this suspension were trypsinized
twice as described before (5) and filtered through 4-ply gauze. Trypsini-

zation was stopped by PCS (5). Cells were allowed to grow into dense
monolayers by starting cultures in plastic culture flasks (Falcon Plastics,
Oxnard, CA) with 1 x 106 cells/ml of "culture medium' [minimal essential

medium (GIBCO No. 236) containing 10% PCS, 50 units of penicillin per
ml, 50 fig of streptomycin per ml, and 0.3 mg of glutamine per ml] at pH
7.2,37Â°, in an atmosphere of 5% CO2 and high humidity. Culture medium

was exchanged daily during the first days. Once a confluent monolayer
had developed, cells were subcultured. The monolayer was overlaid with
3 to 4 ml of a 0.9% NaCI:trypsin:EDTA solution, incubated at 37Â°for 5

min, and then washed from the surface with a jet of culture medium and
further dissociated by gentle pipetting. Dilutions of 1:2 were used for at
least 2 further successful monolayer cultures before using these contin
uous cell lines for testing. Monolayer cultures have been characterized
as consisting of a malignant cell population by the different criteria of
cytological morphology, before cells were added to the test systems.

AL, CML/BC. Venous blood was diluted to RPMI 1640 (1:2), subse
quently layered over a density gradient (Lymphoprep; Nyegaard, Oslo,
Norway), and spun at 400 x g for 30 min. The isolated fractions,
morphologically consisting of &95% of leukemic blasts with <5% of

lymphocytes, were washed twice in RPM11640 and then diluted to the
â€¢testmedium' [RPMI 1640 (GIBCO No. 240), supplemented with 10%

FCS (GIBCO No. I 76), 50 units of penicillin per ml, and 50 /Â¿gof
streptomycin per ml]. Cells from HL-60 and K-562 were subcultured as

described for tumor cells.
[3H]Thymidine Incorporation. A 1QQ-n\aliquot of the cell suspension

in test medium, containing 1 to 2 x 10* tumor cells or 5 x 10* leukemic

cells, was placed into each well of a Microtiter plate (Microtest No.
655101 ; Greiner, D-7440 Nuertingen, Federal Republic of Germany), and

then the test agents (100 /tl) were added in various concentrations to
triplicate cultures. Controls contained 100 Â¡Aof pure test medium instead
of the test substance. Plates were incubated at pH 7.2 and at 37Â°in an

atmosphere of 5% CO2 and at high humidity for the times indicated. The
cultures were pulsed for 24 hr with 0.5 /Â¿Ciof [6-3H]thymidine per well

(specific activity, 5 Ci/mmol; Amersham and Buchler, D-3300 Braun

schweig, Federal Republic of Germany). The samples were harvested

(MASH II; Flow Laboratories, D-5300 Bonn, Federal Republic of Ger

many) after freezing and thawing and radioassayed as described before
(6). S.D.s were less than Â±20% in continuous cell lines and leukemias.

Trypan Blue Dye Exclusion. The trypan blue dye exclusion test was
performed according to the method of Hudson and Hay (21) with minor
modifications. The procedure for preincubation of the cells with the drugs
was identical to the other test systems (see [3H]thymidine uptake and

HTSCA).
SEM. For SEM, cells were grown on glass coverslips and were then

incubated with the test substance. The coverslips were washed with
PBS and fixed in 1.5% glutaraldehyde in PBS at pH 7.2. They were
dehydrated in a graded series of ethanol and subsequently of isoamyl-
acetate, dried by the CO2 critical-point method (1) in a Bomar SPC-900/

Ex apparatus, mounted on stubs, coated with gold, and examined in a
Leitz AMR/1200 B scanning electron microscope.

HTSCA. The HTSCA was performed using a method originally de
scribed by Hamburger and Salmon (14), Salmon ef al. (32), and later by
Von Hoff era/. (36) with the following modifications. Five x 10s cells per
ml of test medium were incubated (pH 7.2, 37Â°,in an atmosphere of 5%

CO2 and high humidity) for various times (24 to 72 hr) with the test
compounds in the final concentrations of 1, 10, and 20 ng/m\. For
incubation of adherent cell populations, e.g., glioblastomas, Petriperm
culture dishes (W. C. Heraeus GmbH, D-6450 Hanau, Federal Republic
of Germany) with a gas-permeable, hydrophobic Teflon membrane in

their bottom were used to prevent adherence. Subsequently, cells were
washed twice in McCoy's wash medium (McCoy's Medium 5A.-GIBCO

No. 041-6600, supplemented with glutamine, antibiotics, and 10% heat-
inactivated PCS) and adjusted to 5 x 10* cells per ml in freshly prepared
"double enriched CMRL 1066 medium" J40 ml of "enriched CMRL1066
medium" [500 ml of CMRL 1066 mediumrGIBCO No. 041-1535 plus 75

ml of heat-inactivated horse serum plus 20 ml of CaCI2 (100 HIM)plus 10

ml of insulin (100 units/ml) plus 5 ml of vitamin C (30 mw) plus 5 ml of
penicillinrstreptomycin (20.000 units/ml) plus 10 ml of glutamine (200
mM)] plus 0.6 ml asparagine (6.6 mg/ml) plus 0.3 ml of DEAE-dextran
(50 mg/ml) plus 0.4 ml of 2-mercaptoethanol (5 x 10~3 M, freshly prepared

and light protected)). For the preparation of the final top layer, 300 n\ of
3% agar (Agar Noble No. 0142-01 ; Difco Laboratories, Detroit, Ml) were

diluted with 2 ml of the cell suspension. One ml of the resultant mixture
was pipetted as top layers on the bottom layers in 35- x 10-mm
polystyrene tissue culture dishes (LUX; Miles Laboratories, Inc., Naper-
ville, IL). The final concentration of cells in each top layer was thus
approximately 5 x 10*/m\. The bottom layers used in this study consisted

of 1 ml of agar, which was freshly prepared by mixing 2 ml of 3% agar
with 10 ml of plating medium {40 ml of enriched McCoy's medium [500
ml of McCoy's 5A:GIBCO No. 041-6600 plus 25 ml of heat-inactivated

horse serum plus 50 ml of heat-inactivated FCS plus 5 ml of sodium
pyruvate (2.2%) plus 1 ml of L-serine (21 mg/ml) plus 5 ml of glutamine

(200 mÂ«)plus 5 ml of penicillin:streptomycin (20.000 units/ml)] plus 10
ml of tryptic soy broth (3%) plus 0.6 ml of asparagine (6.6 mg/ml) plus
0.3 ml of DEAE-dextran (50 mg/ml)).

After preparation of both bottom and top layers, the plates were
examined under an inverted microscope (Zeiss IM 35; C. Zeiss, D-7082

Oberkochen, Federal Republic of Germany) to ensure the presence of a
good single-cell suspension on each of 2 control plates. The plates were
then incubated at pH 7.2,37Â°, in a 5% CO2 atmosphere of high humidity.

The number of colonies (>50 cells) on control and drug-test plates was

determined on an inverted microscope at Day 14.
Statistical Analysis. Due to multiple statistical tests the evaluation

was done in the sense of an explorative statistical data analysis. Thus,
values in Tables 1 and 2 have been examined in the Wilcoxon matched-
pairs signed-ranks test (2-tailed) and in the Friedman 2-way analysis

according to their applicability.

RESULTS

Viabilityof thecellsbasedon trypanbluedyeexclusionbefore
testingwas>90%. Reliableresultsin [3H]thymidineuptaketests
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were found in 9 of 10 continuously growing tumor cell lines and
in 8 of 9 leukemias, accounting for 89% of all tests. Criteria for
unreliability were low cpm and high S.D.s, which made it impos
sible to state positive or negative results and which in leukemic
cells seemed to correlate with previous treatment of the patient.
Only those reliable results are further evaluated in this paper. All
tumors and leukemias tested in [3H]thymidine uptake were as

sayed for trypan blue dye exclusion at the same time with reliable
results found in all tests. HTSCA was performed using cells from
7 different human neoplastia diseases (glioblastoma, hyperne-
phroma, non-small cell lung cancer, small cell lung carcinoma,
soft tissue sarcoma, leukemia HL-60, and leukemia K-562) with

reliable results in all tests.
CP-46,665 had a marked effect on [3H]thymidine uptake in

cells from different AL, CML/BC, and continuously growing
leukemic cell lines HL-60 and K-562. A summary is given in Table

1. There was a dependency on exposure time, since at least 24
hr were necessary to reveal full activity, and we found a dose-

response relation between 1 and 10 ng/m\. Adding ^5 jug/ml for
3=48 hr or s=10 fig/ml for ^24 hr of incubation, only background
counts (<100 cpm) were found in the majority of tests. The rare
exceptions from the dose-time-dependency remained in their

majority within the S.D. of the test system. In nearly all tests,
CP-46,665 showed considerably higher efficacy than did the ALP
ET-18-OCH3, tested in comparison. Furthermore, K-562 cells,

which in accordance with the results of other authors (26, 35)
revealed comparably low sensitivity to ET-18-OCH3, could be
effectively stopped in their thymidine uptake by CP-46,665. Yet
they were also found to be less sensitive to CP-46,665 than
were HL-60 cells. In the dose range tested (1 to 20 fig/n\\), 2-

LPC showed only minor activity. Because of similar molecular
weight, all 3 compounds were compared in u.g/m\.

Statistical comparison of control values with the values of CP-
46,665-incubated specimen of all leukemia cell samples (Fried
man analysis; see "Materials and Methods") showed significant

effects of the drug at 10 Â¿ig/mlafter 48 and 72 hr and at 20 fig/
ml for all incubation times (P < 0.05). Incubation with ET-18-

OCH3 resulted in significant values at 10 u,g/m\ after 48 and 72
hr and at 20 Â¿Â¿g/mlat all incubation times (P < 0.05), if resistant
K-562 was not taken into consideration. Statistical comparison
of CP-46,665 with ET-18-OCH3 (Wilcoxon test; values expressed
as the percentage of control; see "Materials and Methods")

showed significant superiority of CP-46,665 over ET-18-OCH3

at 5 /tg/ml after 24 and 48 hr of incubation (P < 0.05), at 10 ng/

Table 1
Influence of 2-LPC, ET-18-OCHa. and CP-46,665 on pHJthymidine uptake in leukemic blasts

LeukemiatypeAMML(1)aAMML

(2)AML

(3)ALL

(4)AnalogueControl2-LPCET-18-OCH3CP-46,665Control2-LPCET-18-OCH3CP-46,665Control2-LPCET-18-OCH3CP-46,665Control2-LPCET-18-OCH3CP-46,665Concen

tration020510201510200205102051020020151020151020020151020151020[3H]Thymidine

uptake (cpm)

at the following incubation
times24

hr884"92554049731862842711252602693600833371179202522,1631,7441,8811,4431,4991,2861,6294187661002,6712,4561,4711,0709227781,8463442641628

AMML, acute myelomonocytic leukemia;AML,0
Maan nf trinliratÂ» mltiirpR /rnmi48

hr6,6467,8554983410862531239345985621,06213270215146193,3223,1011,799381131692,966501153202,0882,2333611592912357696620022772hr7,3336,77255841491,38938750681,0828052331322138624214,8614,8241,925590524964,29969189411,8101,31132710289118134952652Maximum%ofdecrease07.692.599.599.390.694.799.499.5025.678.587.898.170.297.898.1019.460.488.596.198.011.698.598.299.2027.682.794.495.193.592.696.998.697.1acute

myeloid leukemia; ALL,Concen-Leukemiatype

AnalogueCML/BC

(5)Control2-LPCET-18-OCH3CP-46,665CML/BC

(6)Control2-LPCET-18-OCH3CP-46,665HL-60

Control2-LPCET-18-OCH3CP-46,665K-562

Control2-LPCET-18-OCH3CP-46,665acute

lymphoblastic leukemia.tration02015102015102002051020510200201510201510200205102051020[3H]Thymidine

uptake (cpm)

at the following incubation
times24

hr5.6885,2392,8071,0781,0041,1714,0063642541171,2456694181,3975242461045115,89918,88215,2133,8491,9801,33911,8349294445301,6841,4991,5771,6911,5929642,3431,14048hr 72hr14,879

13,15516,547
14,9783,739

1,795505
856256
225288

1257,857
3,20239
10926
17228

342,2501,628756198198173281820,513

28,76810,691
19,2398,127
4,6731,079

384264
212306

8612,688
19,39626
14345
6226

902,142

5,1781,656
4,3132,356
3,2301,544
1,7088,658
1,7853,577

5,86776
29730

21Maximum%ofdecrease07.886.496.698.399.175.799.799.899.8046.266.491.291.292.398.899.2047.883.798.799.399.738.199.999.899.8022.737.667.065.542.896.599.6
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Table 2
Influence of 2-LPC, ET-18-OCH* and CP-46,665 on pHJthymidine incorporation

in continuous cell lines of solid tumors

HistologyHypemephroma

(1)Hypernephroma

(2)Hypemephroma

(3)Hypemephroma

(4)Hypemephroma

(5)OvarÃan

carcinoma(ascites)(6)Glioblastoma

(7)Small

cell lung carci
noma(8)Squamous

celllungcarcinoma
(9)Analogue2-LPCET-18-OCHsCP-46,6652-LPCET-18-OCH,CP-46,6652-LPCET-18-OCH3CP-46,6652-LPCET-18-OCH3CP-46,6652-LPCET-18-OCH3CP-46,6652-LPCET-18-OCH3CP-46,6652-LPCET-18-OCHsCP-46,6652-LPCET-18-OCH3CP-46,6652-LPCET-18-OCH3CP-46,665Concentratior

0/g/ml)201020510202051020151020201510201510201051020510202051020510202051020510202051020510202051020510205102051020pHJThymidine

incorpora
tion (%) at the following

incubationtimesi24

hr100.2s54.151.577.333.515.693.929.212.34.740.39.421.95.427.675.677.644.436.684.580.423.814.9120.534.733.526.823.69.77.463.3100.580.744.5101.241.331.993.342.851.335.2161.141.011.797.267.651.535.350.629.03.971.780.553.743.266.459.493.477.166.850.297.347.911.148hr97.030.025.347.67.65.983.18.91.30.645.72.91.22.047.6NO*NDNO30.6NOND30.77.273.236.314.68.116.764.94.562.751.950.440.274.5193.00.8143.352.419.018.455.9183.916.182.856.234.317.968.66.90.450.341.729.423.7189.820.5133.971.658.650.1110.91.50.972hr89.627.425.244.515.79.5100.836.33.80.858.112.06.95.5173.765.09.410.68.832.83.72.81.872.131.116.023.630.99.02.79.233.12.46.03.11.01.585.487.775.252.591.95.02.0

" Mean of triplicate cultures expressed as percentage of controls.

ND, not determined.

ml for all incubation times (P < 0.05), and at 20 Â¿/g/mlafter 24
hr of incubation (P < 0.05). The effects of both drugs at the
higher dose levels and after longer incubation times proved to
become comparable. Differences between 2-LPC and CP-46,665

were significant (Friedman analysis) at 20 ^g/ml (P < 0.05).
Comparable results were obtained with the continuously grow

ing tumor cell lines (see Table 2). All lines tested were sensitive
to CP-46,665 in a dose- and time-dependent fashion. Rare

exceptions from the dose and time relationship might be due to
the accidental occurrence of tumor cell clusters in the Microtiter
plates. However, doses as high as 10 Â¿tgCP-46,665 per ml and
more and incubation times of 2=48hr were necessary to produce
incorporation rates around 10% of the controls. 2-LPC showed

only minor effects in the same dose range. For some of these
tumors, CP-46,665 had considerably higher efficacy than did ET-
18-OCH3. Statistical comparison between 2-LPC and CP-46,665
and between 2-LPC and ET-18-OCH3 proved significant superi
ority of both ether-lipids over 2-LPC after 24 and 48 hr of

incubation at the dose level of 20 ng/m\ (P ss 0.05, Friedman
analysis). Values after 72 hr of incubation were not explored,
because of the small numbers of samples tested. This also holds
true in the comparison between CP-46,665 and ET-18-OCH3
(Wilcoxon test), where significant superiority of CP-46,665 over
ET-18-OCH3 could be established for 10 /Â¿g/mlafter 24 hr of
incubation and 20 Mg/ml after 24 and 48 hr (P < 0.05). The 72-

hr values could not be compared.
Try pan blue dye exclusion, expressed as the percentage of

controls, showed a close correlation with the corresponding
values obtained for [3H]thymidine incorporation in leukemic
blasts and also a good correlation with the values of [3H]thymi-

dine uptake obtained in the continuous cell lines of solid tumors.
Examples are summarized in Table 3. Loss of the ability of trypan
blue dye exclusion of the cells treated with CP-46,665 and ET-
18-OCH3 also proved to be dependent on dosage and incubation
time in contrast to minor effects of 2-LPC in the same dose
range. Interestingly, in this assay system, CP-46,665 was again

the more active compound and, in some tests, showed even
earlier effects on trypan blue dye exclusion than on [3H]thymidine

uptake, which was generally the opposite for ET-18-OCH3 (see
Table 3). In both [3H]thymidine uptake and trypan blue dye

exclusion, at least 12 hr of drug exposure were necessary to
produce visible effects.

As a morphological correlation of these effects, severe mem
brane damage was observed in SEM. Cells of an astrocytoma,
a glioblastoma, and a leukemia were tested in SEM. Cytoplasmic
processes with numerous blebs, ruffles, and filopodia have been
observed without drug incubation as typical signs of the high
membrane activity in malignant astroglial cells (Refs. 15,33, and
37; Fig. '\A). Furthermore, the cell membranes seemed to be
intact (see Fig. ~\A).After incubation with 5 nQ CP-46,665 per ml

for 24 hr, the described surface structures vanished in many
cells, and cell membranes showed numerous round defects
resembling punched holes (see Fig. IB). After an incubation with
10 u.g CP-46,665 per ml for 24 hr, these morphological disinte

grations of membrane structures were even more evident (see
Fig. 1C). At both concentrations, cells lost adherence properties,
another sign of vital membrane function, and many were lost
from the surface of the culture dish. This, however, made it
impossible to evaluate SEM results quantitatively.

Tested in the HTSCA, both ET-18-OCH3 and CP-46,665
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Table 3
Correlation between pHJthymidine incorporation and trypan blue dye exclusion of neoplastia cells under the influence of 2-LPC, ET-IS-OCH* and CP-46,665

[3H|Thymidine uptake and trypan blue dye exclusion at trie following incubation times

24 hr 48 hr 72 hr

Concentration [3H]thymidine Trypan blue ["HJThymi- Trypan blue ['HjThymi- Trypan blue

HistologyAnalogueHL-60*
2-LPCET-18-OCH3CP-46,665AML

2-LPCET-18-OCH,CP-46,665ALL

2-LPCET-18-OCH3CP-46,665Hypernephroma

2-LPCET-18-OCHaCP-46,665SCLC

2-LPCET-18-OCH3CP-46,665(MQ/ml)101510151010151015101015101510201102011020201102011020uptake139"962412746399876769751935895540356913109443125402257211054437859301dye

exclusion103C914118102260104101879310140306563544453881001006859870010991646110240dineuptake5740516200915412489212114178143731083201146125053292498206dyeexclusion11255601091092837769892809666553540613106986659890010610657298000dineuptake8416116710104401211881429018657511017415875601204022962411dyeexclusion11135101124010672543389161793523251312094896246800012112330169300

* HL-60, HL-60 leukemia; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; SCLC, small cell lung carcinoma.
0 Mean value of triplicate cultures expressed as percentage of the controls.
c Values expressed as percentage of the controls.

showed clear suppression of the colony formation of human
tumor and leukemic cells when tested after a coincubation of
various times in a dose range between 1 and 20 ng/m\. Examples
are summarized in Chart 2. Also, in this assay system, the drugs
exerted their effects with a dose and time dependency, but CP-

46,665 was not always the more active compound.
Furthermore, in both [3H]thymidine uptake and trypan blue

dye exclusion, the activity of CP-46,665 was correlated with the

concentration of serum (e.g., PCS) in the incubation system. With
lower FCS concentrations than 10%, toxicity was even more
pronounced, but toxic effects could be nearly totally blocked by
adding 50% FCS or more to the culture. This was comparable
with the influence of different serum concentrations on the
toxicity of ET-18-OCH3 (data obtained with a hypemephroma

and a glioblastoma, details not shown).

DISCUSSION

The ether-linked lipoidal amine CP-46,665 (see Chart 1) was

tested in our in vitro antitumor screening system, consisting of
a variety of assays measuring cytostatic and cytotoxic effects of

possible anticancer drugs at different cell sites. Results indicate
that CP-46,665 inhibited the incorporation of [3H]thymidine into

blasts of various types of leukemias and cells of different solid
tumors of human origin (see Tables 1 to 3). Since cells were
tested in both the stationary and proliferative phases of culture,
these effects might reflect antiproliferative activity as well as
toxic action on vital steps of cell metabolism. However, testing
CP-46,665, the [3H]thymidine uptake of the cells was well cor

related with trypan blue dye exclusion, which is widely accepted
as a viability test and, in this study, was performed to assess
destruction of cell membranes under drug influence (see Table
3). Furthermore, loss of cell surface activity and severe cell
membrane destructions caused by CP-46,665 could be directly
observed in SEM (see Fig. 1). Similar vacuole-like defects of the

outer cell membrane as observed in SEM also could be seen in
light microscopy of cytocentrifuge smears of the cells, which has
been performed to control the tested cell population cytologically
for signs of malignancy (data not shown). The actual cell death
might be correlated with a loss of internal material, since the
drug has been also found active in release assays (data not
shown). However, these different toxic effects in single cells
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100-,

50-

B

10 20 1 10 20
Concentration of the drug(pg/ml)

Chart 2. Effects of ET-18-OCH3 (O) and CP-46,665 (â€¢)on colony formation of
cells from a human gliobiastoma cell line (A) and HL-60 leukemia (B). Cells were
incubated for 48 hr with various concentrations of the drugs, then washed, and
cultured in the agar system (HTSCA) described.

were accompanied by clear suppression of colony formation as
tested in the HTSCA (see Chart 2), which was performed to
observe the reproductive capacities of the cells under drug
influence. The cytostatic and cytotoxic effects of CP-46,665 were

dependent on dose and incubation time in all assay systems.
Destruction of leukemic blasts was often completed with doses
of >5 /ig/ml after an incubation of ^48 hr or 3*10 ngÂ¡m\after
is24 hr. In cells from solid tumors, Â»10 /Â¿g/mland incubation
times of Â»48 hr were often necessary. In the majority of tests
and assay systems, CP-46,665 showed considerably higher
efficacy than the ALP ET-18-OCH3, which was always tested in

comparison. This holds also true in 3 different rat brain tumor
cell lines tested (data not shown). Thus, the high activity of CP-
46,665 is not restricted to one species. 2-LPC remained without

comparable activity in the same dose range.
From these data, we conclude that CP-46,665 causes the

death of neoplastic cells during coincubation, and in this activity,
it is superior to ET-18-OCH3. This direct cytotoxicity might
partially explain in vivo antitumor effects of CP-46,665, which

can prevent metastasis of various rodent tumors (17, 25, 38). In
its in vivo activity, CP-46,665 is unique among a series of other
lipoidal amines (17, 22-25, 29), since it is the most potent

compound and does neither induce Interferon production nor
enhance natural killer cell activity (17). On the other hand, CP-

46,665 activates macrophages to cytotoxic effector cells (38),
and the following macrophage tumoristatic activity is associated
with the ability of these cells to secrete prostaglandins (17). The
lack of a clear dose-response relation and the relatively low dose
in which CP-46,665 was found effective in vivo support the view

of macrophage activation being partially responsible for the
therapeutic activity observed so far (22). However, both direct
destruction of neoplastic cells and biological response modifica
tion might be active. In this respect, it would be of interest to
perform further therapeutic studies within a larger dose and time
range to reach plasma levels and cell exposure times of the drug,
which equal cytotoxic parameters in vitro. Whereas toxicological
data in different animals (50% lethal dose = 60 to 70 mg/kg in

mice and rats) have been published (38), further pharmacokinetic
studies remain to be done to determine achievable plasma and

tissue levels in vivo and metabolism data of the drug.
The pattern of biological response modification by CP-46,665,

as well as its phenomenological mode of direct cytotoxicity, is
reminiscent of the action seen with other ether-lipids, such as

ALP (4).
In particular, the interactions of this compound with structures

of the cell membranes, as far as they are visible in SEM, are
similar to those of ALP or thioether-lysophospholipid derivatives

(4,7). Thus, it is a tempting speculation, that the activity of these
compounds might be based on similar molecular mechanisms.
Some ALP among other possible mechanisms exert their direct
cytotoxicity via accumulation in and subsequent destruction of
lipid structures in the membranes of neoplastic cells, due to their
high metabolic stability (for further discussion, see Refs. 4 and
27). However, since other, yet unknown molecular mechanisms
might cause its comparably high activity, the molecular basis of
the CP-46,665 cytotoxicity still remains to be characterized by

further biochemical and pharmacokinetic studies. In addition,
further experiments are necessary to characterize the therapeu
tic index of CP-46,665 with regard to cytotoxicity.

In conclusion, the comparatively high antineoplastic activity of
CP-46,665 in vitro strongly commends this compound among
other ether-lipids for further investigation as an experimental

drug for the treatment of cancer.
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Fig. 1. SEM of cells of a human glioblastoma continuous cell line after 24 hr of incubation without (A) and with CP-46,665 in a concentration of 5 Â»ig/ml(B) and 10

Â¿ig/ml(C). /.eft and rig/if, 2 different examples of each incubation situation. Marker, ion.
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