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ABSTRACT

Nine new platelet activating factor (PAF) antagonists from 4 different
chemical classes (thiopyrimidines: SDZ 59-015; thioimidazolines: SDZ
61-813; imidazoisoquinolines: SDZ 62-434, SDZ 62-759, SDZ 63-135,
SDZ 63-596; and imidazopiperidines: SDZ 61-638, SDZ 62-293, SDZ
62-694) have been tested for cytostatic/antiproliferative (| 'I I]lIHmietine

uptake) and cytotoxic (trypan blue dye exclusion) activity in neoplastic
human cell lines of different histology in vitro. The antiproliferative
activity of 3 of the 9 PAF antagonists (SDZ 61-638, SDZ 61-813, SDZ
62-694) was not stable after freezing and thawing. SDZ 59-015 showed
only minor cytotoxic or antiproliferative effects in a dose range of 2-40
Mmafter 24, 48, and 72 h of incubation. SDZ 62-434 showed varying
activity. There were no significant differences between the activities of
the other 3 PAF antagonists from the imidazoisoquinoline class, which
showed drug concentrations inhibiting 50% of the activity studied (!<'=â€ž)

and drug concentrations yielding a 50% decrease of trypan blue dye
exclusion (LCÂ»)of <20 MMat >48 h, even in the K-562 cell line, which
is known to be rather resistant for a variety of cytotoxic drugs related to
PAF. SDZ 62-293 showed the best antineoplastic properties with 1CÂ«
and LCMvalues <10 MMat >48 h including K-562. SDZ 62-434, SDZ
62-759, SDZ 63-135, SDZ 63-596, and SDZ 62-293 have been further
tested in a human tumor cloning assay in 5 cell lines. Colony formation
was reproducibly suppressed to <30% of the controls only by SDZ 63-
135 (<40 MM)and SDZ 62-293 (<20 MM)during continuous exposure.
There was no correlation between the 1CÂ»values for the antiproliferative
activity of the test compounds and their ICÂ«,values for PAF-induced
human platelet aggregation. Furthermore, the antiproliferative activity of
the most active compound, SDZ 62-293, could not be antagonized by
preincubation with the specific PAF antagonists WEB 2170 or WEB
2086 or PAF itself in noncytotoxic doses. In addition, since we were not
able to find a correlation between the presence of PAF specific binding
sites on neoplastic cells and their respective sensitivity for the cytotoxic
effects of the PAF antagonists tested, binding to PAF specific binding
sites does not seem to be a prerequisite for the cytotoxic/antiproliferative
activity of these test compounds. This study shows antineoplastic activity
of some PAF antagonists in vitro and we recommend some of these drugs
for further investigation as experimental drugs in cancer therapy.

INTRODUCTION

During the last years, there has been increasing interest in
certain ether lipids and derivatives as experimental anticancer
drugs (1-3). Although it seems to be too early to judge their
clinical potential, three of these compounds have recently been
tested in clinical trials with some encouraging activity in a
variety of tumor types (1-6). In addition, one compound is
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being tested clinically as a purging agent in autologous bone
marrow transplantation because of its selective cytotoxicity
against leukemic cells in comparison to normal bone marrow
progenitor cells (7, 8).

Ether lipids exert part of their activity via direct cytotoxicity
due to accumulation in tumor cells and membrane destruction.
However, the mechanisms finally leading to cell death are still
unknown and controversial (for discussion, see Refs. 1-3).
Structural similarities of some of these lipids with PAF,3 a

biologically active intermediate of lipid metabolism (9), are
obvious. In an investigation to test the hypothesis that PAF
specific binding sites present on cell membranes are important
for the cytotoxicity of PAF related ether lipids, we surprisingly
have found cytotoxic activity of some PAF antagonists (10).
Thus, we have screened 9 new PAF antagonists from 4 different
chemical classes for antineoplastic activity in vitro and in vivo.

Here we report on the in vitro cytotoxicity of these investi-
gational compounds and on some aspects of their mechanism
of action.

MATERIALS AND METHODS

Drugs. Nine PAF antagonists from 4 different chemical classes
(thiopyrimidines: SDZ 59-015; thioimidazolines: SDZ 61-813; imi
dazoisoquinolines: SDZ 62-434, SDZ 62-759, SDZ 63-135, SDZ 63-
596; and imidazopiperidines: SDZ 61-638, SDZ 62-293, SDZ 62-
694) were supplied by the Sandoz Research Institute (East Hanover,
NJ). Their chemical structures are depicted in Fig. 1. The PAF antag
onists WEB 2086 (11) and WEB 2170 (12) were kindly provided by
Boehringer (Ingelheim, FRG). C16-PAF ( l -O-hexadecyl-2-acetyl-sn-gly-
cero-3-phosphocholine) and d8-PAF (l-O-octadecyl-2-acetyl-sn-gly-
cero-3-phosphocholine) were purchased from Berchtold (Bern, Swit
zerland). Tritiated [3H]PAF was purchased from Amersham-Buchler

(Braunschweig, FRG). The PAF antagonist CV 3988 (13) was obtained
from Takeda Chemicals, Inc. (Osaka, Japan). The compounds were
dissolved in RPMI 1640 medium (Gibco, no. 240, Glasgow, Scotland,
UK), sterilized as solutions by micropore filtration (0.22 Mm, Millex;
Millipore, Molsheim, France). Stock solutions (1 mivi)were used freshly
or after storage at -20Â°C.

Cells. For the cytotoxicity studies we used 6 human cell lines from
hematological malignancies (CEM: lymphoblastoid leukemia; HL-60:
acute promyelocytic leukemia; K-562: chronic myeloid leukemia, blast
crisis; Li-A: lymphoblastoid lymphoma; U-698: lymphocytic lym-
phoma; DHL-4: histiocytic lymphoma) and 6 human cell lines from
solid tumors (CCL-121: fibrosarcoma; CCL-218: colorectal adenocar-
cinoma; HTB-38: colon-adenocarcinoma; 85-HG-59: glioblastoma; 85-
HG-63: astrocytoma; HTB-9: bladder carcinoma).

For the HTCA we used the HL-60, K-562, CCL-121, HTB-38, and
85-HG-63 cell lines. The "competition assay" and the studies concern

ing PAF specific binding sites were done with the HL-60 and HTB-38
cell lines.

3The abbreviations used are: PAF, platelet activating factor; HTCA, human

tumor cloning assay; IC50, drug concentration inhibiting 50% of the activity
studied, e.g., tritiated thymidine uptake: LC50,drug concentration yielding a 50%
decrease of trypan blue dye exclusion.
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Fig. 1. Chemical structures of the PAF antagonists tested.

The hematological cell lines were supplied by Dr. W. R. Vogler (K-
562, HL-60; Emory University, Atlanta, GA) and by Dr. G. Roos
(DHL-4, U-698, Li-A; University of Umea, Umea, Sweden). The solid
tumor cell lines were purchased from the American Type Culture
Collection (CCL-121, CCL 218, HTB-38, HTB-9; Rockville, MD) or
supplied by Dr. D. Stavrou (85-HG-59, 85-HG-63; University of Ham
burg, Hamburg, FRG). The cells were stored in liquid nitrogen after
freezing in a microprocessor controlled freezing chamber (MIC 15;
Cryoson GmbH, SchÃ¶llkrippen, FRG) at controlled rates (-lÂ°C/min)

using dimethyl sulfoxide as a cryoprotecting agent. The cell culture and
in vitro passaging procedures have been recently described in this
journal (14).

Cytotoxicity Studies. The trypan blue dye exclusion assay and the
['Hjthymidine uptake assay were performed as reported recently by our

group (14). The trypan blue dye exclusion assay was only used in the
hematopoietic cell lines growing as suspension cultures, whereas the
['Hjthymidine uptake assay was used in all cell lines. Briefly, in both

assay systems the cells were coincubated with the test compounds at
final concentrations of 2, 10, 20, and 40 MMin 10% fetal calf serum
(Gibco, no. 014-06300) containing culture medium (14) for 24, 48, and
72 h. Cytotoxic activity of the compounds on a single cell level was
assayed as a decrease in trypan blue dye exclusion of the cells given as
a percentage of the controls. Comparison of simultaneous evaluations
by different individuals revealed a reproducibility with deviations of <Â±

10%. Cytostatic/antiproliferative activity of the compounds was meas
ured as an inhibition of ['H]thymidine uptake into the cells after

freezing and thawing given as a percentage of the controls. Standard
deviations within triplicate cultures were <Â±20%.

HTCA was performed using the capillary tube system first described
by Maurer and Ali-Osman (15), with the following modifications. Glass
capillaries (1.38 x 126 mm) were sonicated for 30 min in double distilled
water, dried, and sterilized at 180Â°C.The cells were continuously

exposed to the compounds at a concentration of 2, 20, or 40 MMduring
the complete assay period. The capillary incubation mixture consisted
of 300 n\ cell suspension [5 x IO5cells/ml) in double enriched CMRL-
1066 medium (Gibco, no. 041-01535; for ingredients see Ref. 14, with
the exception of mercaptoethanol being at a 5 x IO"4Mconcentration)],

705 M' RPMI 1640 medium, 225 M' heat-inactivated horse serum
(Gibco, no. 220-06350), and 270 ÃŸ\3% agar (Agar-Noble, no. 0142-
01; Difco Laboratories, Detroit, MI) diluted (1:3) in RPMI 1640
medium at 37Â°C.This capillary incubation mixture (75 M')was injected

into one capillary. The system was evaluated under an inverted micro
scope before and after an incubation period of 10 days under the
conditions recently described (14). A decrease in colony formation
under the influence of the test drugs was interpreted as cytotoxicity on
the level of the self-generating capacity of the cells. Standard deviations
within triplicate cultures were <Â±20%.

IC50values in the different assays were obtained from the respective
dose-response plots. For the trypan blue dye exclusion which primarily
measures single cell viability and not the growth of a cell population
we have used the term LC50instead.

Competition Assay. The objective of this assay was to block specific
PAF binding sites on the cells (9, 16) in order to investigate whether
binding of the PAF antagonists to specific PAF binding sites is a
prerequisite for their cytotoxic activity. Cells were preincubated for 2
or 24 h at 37Â°Cin 5% CO2 and high humidity with C,6-PAF, C,8-PAF,

or the PAF antagonists WEB 2086 and WEB 2170 in noncytotoxic
doses (C.6-PAF: 2, 10, 20, and 50 MM;C,8-PAF: 2, 10, 20, and 25 MM;

WEB 2086: 20 and 100 MM;WEB 2170: 2, 20, and 100 MM).After 2
of 24 h (as indicated) the preincubated cells were further coincubated
with SDZ 62-293 (0.5, 2, 10, and 20 MM)and [3H]thymidine uptake

was measured to assay cytostatic/antiproliferative activity of the latter
compound (14).

PAF Binding Studies. The method was modified from procedures
published before (16). To obtain information concerning the presence
of specific PAF binding sites in the cell lines studied (9, 16), cells were
collected in Hanks' buffered salt solution (Seromed, no. 2023, Berlin,

FRG) containing 0.25 g/dl essentially fatty acid free bovine serum
albumin (Sigma A-6003, Deisenhofen, FRG). Viability before the bind
ing assays was always >85% as assessed by trypan blue dye exclusion.
In a total assay volume of 0.5 ml, 5 x IO6cells were incubated for l h
at 4Â°Cor at room temperature with 2 nivi [3H]PAF (10,000 cpm) and

varying amounts (0.1 nivi-10 MM)of unlabeled PAF and PAF antago
nists WEB 2086 and CV 3988. Bound ['H]PAF was separated from
unbound ['H]PAF by centrifuging the assay mixture in a microfuge for
2 min and removing the supernatant. The cell sediment was resus-
pended in 300 M' water and counted in minivials containing 2 ml
scintillation cocktail (Szintigel-Roth, Karlsruhe, FRG). All binding
assays were performed in triplicate.

Platelet Aggregation Inhibition. The method used for the experiments
concerning platelet aggregation inhibition was described recently (17).
Briefly, human species subjects were kept aspirin free for 1 week and
fasted overnight. Platelet rich plasma was prepared from freshly ob
tained blood anticoagulated with 0.38% sodium citrate. Platelet count
was adjusted to 2.5 x IO'/M' using platelet poor plasma obtained by a

second centrifugation of the blood sample. An aliquot (0.38 ml) of the
platelet rich plasma was dispensed into cuvettes, incubated at 37Â°C,

and stirred at 900 rpm within a Payton Aggregometer, which recorded
the light transmission pattern of the platelet suspension. The test
compound was then added at final concentrations in the range of 0.1-
100 MM.One min after the addition of the test compound, C|S-PAF
was added to the cuvette in an amount predetermined to give a consist
ent increase in light transmission (4.8 x IO"7 M). The aggregation
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Table 1 ['HJThymidine uptake and trypan blue dye exclusion after an incubation time of 48 h at a concentration of 20 Â¡IMof the different PAF antagonists in

malignant human cell lines

SDZ 62-293 SDZ 63-135 SDZ 63-596 SDZ 62-759 SDZ 62-434 SDZ 59-015

CelllineCEM*HL-60K-562Li-AU-698DHL-4CCL-121CCL-21885-HG-5985-HG-63HTB-9HTB-38TÂ°Oc02.8004.7_â€”_â€”â€”-3H0.10.220.04.6_rf10.80.30.70.50.60.10.2T9.01.630.27.94.615.7_â€”â€”â€”â€”-3H3.20.255.879.8_29.71.70.90.62.51.20.4T42.61.446.312.557.761.0â€”â€”â€”â€”â€”-3H4.10.239.633.7_29.50.30.518.325.12.70.6T15.513.041.435.826.248.1â€”â€”â€”â€”â€”-3H2.71.144.275.962.752.91.21.026.718.93.12.8T95.198.867.192.091.998.2-â€”â€”â€”â€”-3H94.387.346.3212.0123.3105.411.04.2â€”67.4103.16.3T95.088.5121.989.988.469.0â€”â€”â€”â€”â€”-3H98.677.379.696.1_128.637.784.570.4114.0118.562.1

" T, trypan blue dye exclusion; 3H, [3H]thymidine uptake; for details of the assays and values depicted see "Materials and Methods.'
* For histology see "Materials and Methods."
c Percentage of control.
* â€”,not determined.

response was quantitated by determining the area under the curve using
a plane polarimeter. The percentage of inhibition of the aggregation
response was determined by dividing the area under the curve generated
in the presence of the test compound by the area under the curve of
PAF alone, multiplying by 100, and subtracting from 100.

Statistical Analysis. Data from the trypan blue dye exclusion assay,
[3H]thymidine uptake assay, and HTCA have been examined in the

Wilcoxon matched pairs signed ranks test (two tailed) and in the
Friedman two way analysis according to their applicability. P values
<0.05 were interpreted as significan!, and P values <0.01 were highly
significant differences.

RESULTS

In a first set of [3H]thymidine uptake studies using the HTB-

38 cell line, we looked at whether the 9 different PAF antago
nists have freezing stability with regard to their antiproliferative
activity after 48 h of incubation. We compared the antiprolif
erative activity of a compound immediately after preparation
of the solution (A, see below), or freezing (Ix) for 24 h (B, see
below), or storing at â€”20Â°Cfor at least 4 weeks (C, see below).

IC50values show that 3 of the 9 PAF antagonists are not stable

K-562 ITI HTB-38 (3H)

SDZ-62-293

48 72 Ihrl

HTB-38 I3H|

-63-135

24 72 Ihrl 24 48 72 [hrl

Fig. 2. Time- (O) and dose-dependent (â€¢)activity of the most active compounds
SDZ 62-293 and SDZ 63-135 in K-562 and HTB-38 cell lines. Time dependency
curves are shown at the 10 nM dose level. Dose dependency curves are shown
after an incubation time of 48 h. For details see "Materials and Methods."

after freezing and storage at â€”20Â°C.These are the thioimida-

zoline SDZ 61-813 (IC50 values in ^M for A, 5.3; B, 22.1; C,
>40.0) and the imidazopiperidines SDZ 61-638 (ICio values in
tiM for A, 6.7; B, 6.0; C, >40.0) and SDZ 62-694 (IC50 values
in fiM for A, 6.3; B, >40.0; C, 26.8). These compounds were
eliminated from further testing.

All tested compounds showed time- and dose-dependent cy-
totoxic/antiproliferative activity in the tested dose and time
range. Table 1 summarizes a comparison of the data concerning
trypan blue dye exclusion (7") (hematopoietic cell lines only)
and ['Hjthymidine uptake ('//) (all cell lines) at a concentration

of 20 UM after an incubation time of 48 h. Ranking of the
compounds (Friedman analysis, two tailed) showed decreasing
cytotoxic and antiproliferative activity from the left side (SDZ
62-293) to the right side (SDZ 59-015) of Table 1 (P = 0.0002).

Within the imidazopiperidines SDZ 62-293 showed strong
dose- and time-dependent cytotoxic and antiproliferative activ
ity with IC50 values <10 ^M at <48 h including the K-562 cell
line (Fig. 2). Compared on an equimolar basis SDZ 62-293
showed significantly higher cytotoxic activity (trypan blue dye
exclusion) in human hematological malignancies on the dose
levels of 10, 20, and 40 MMafter 48 h of incubation (P < 0.05)
than the other 5 tested PAF antagonists. In human solid tumor
cell lines SDZ 62-293 showed significantly higher antiprolif
erative activity ([3H]thymidine uptake) on the dose levels of 10,

20, and 40 ÃŸM(P < 0.05) in comparison with SDZ 59-015.
However, in the solid tumor cell lines, there were no significant
differences when this compound was compared with the com
pounds of the imidazoisoquinoline class.

The imidazoisoquinolines SDZ 63-135, SDZ 63-596, and
SDZ 62-759 showed strong time- and dose-dependent cyto
toxic and antiproliferative activity in a dose range of 2-40 ^M
after 24,48, and 72 h of incubation in cell lines of hematological
malignancies and solid tumors of human origin (Table 1). These
compounds showed cytotoxic activity even in the K-562 cell
line which is known to be rather resistant for a variety of
cytotoxic drugs related to PAF (18). Fig. 2 depicts dose- and
time-dependent cytotoxic activity of the most active compound
of the imidazoisoquinoline class SDZ 63-135 in K-562 cell line
as an example. The imidazoisoquinoline SDZ 62-434 showed
strong antiproliferative activity (2-40 /Â¿M)after 24, 48, and 72
h of incubation in 4 of 5 solid tumor cell lines (except HTB 9)
(Table 1). SDZ 62-434, however, showed little cytotoxic effect
in the K-562 cell line and no effect in the other 5 tested cell
lines of human hematological malignancies (Table 1).
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Fig. 3. Human tumor cloning assay. Number of colonies given as percentage
of the controls after continuous incubation of 5 malignant cell lines of human
origin (â€¢,K-562; O, HL-60; D. 85-HG-63; A, HTB-38; A, CCL-121) with 5
different PAF antagonists (SDZ 62-293, SDZ 63-135. SDZ 63-596. SDZ 62-
759, SDZ 62-434) at concentrations of 2, 20. and 40 it\t. Points, means of
triplicate cultures of one single cell line at the given dose level after continuous
incubation with one certain compound; bars, means of results of all 5 cell lines
tested. Significance levels are given in Table 3.

The thiopyrimidine SDZ 59-015 showed no or only minor
cytotoxic or antiproliferative activity in various cell lines of
hematological malignancies and solid tumors of human origin
in a dose range of 2-40 ^M after 24, 48, and 72 h of incubation
(Table 1).

With the exception of SDZ 59-015 all compounds (SDZ 62-
293, SDZ 63-135, SDZ 63-596, SDZ 63-759, and SDZ 62-
434) have been further tested in an HTCA in 5 cell lines. During
continuous exposure colony formation was reproducibly sup
pressed to <30% of the controls only by SDZ 63-135 (<40
MM)and SDZ 62-293 (<20 UM)(Fig. 3). There was no signifi
cant difference between the cytotoxic activity of the latter two
compounds (Table 2), but both were significantly more active
than the other 3 PAF antagonists compared on an equimolar
dose level (Table 2).

In an attempt to correlate PAF antagonist activity of the 5
compounds to their cytotoxic/antiproliferative effects, the IC50
values for inhibition of PAF-induced human platelet aggrega
tion are compared with the IC50values for their antiproliferative
activity ([3H]thymidine uptake) in Table 3. No correlation be

tween both activities could be seen (Table 3).
In the competition assay we tried to antagonize the antipro

liferative activity (['H]thymidine uptake) of SDZ 62-293 by

preincubation of the HL-60 and HTB-38 cell lines with the
specific PAF antagonists WEB 2170 or WEB 2086 or PAF
itself in noncytotoxic doses. Examples of these experiments are
depicted in Fig. 4. The antiproliferative activity of SDZ 62-
293 could not be antagonized by preincubation with one of the
PAF antagonists or PAF itself.

Furthermore, direct studies, analyzing specific binding of
labeled PAF to binding sites of this molecule possibly present
on HL-60 cells in Scatchard plots, were impossible due to the
high metabolism of PAF (16), which prevented PAF uptake to
measurable levels of saturation (data not shown). However,
specific binding in single point situations could be defined as
the difference between total binding of labeled PAF (at 2 x
10~'Â°M assay concentration) and nonspecific binding of labeled
PAF at a higher concentration (2 x 10~6 M). Under these

conditions usually 25% of total binding was specific (Table 4).
Subsequently, we attempted to characterize the binding of PAF
through studies using unlabeled PAF and two specific PAF
antagonists with different chemical structures (WEB 2086 and
CV 3988) as inhibitors of the binding of radioactively labeled
PAF. Unlabeled PAF (dose range, 1 x 10~"-5 x 10~8 M) and
PAF antagonists (dose range, 5 x 10~8-1 x l O4 M) were added,

and ICso values were estimated from the resulting plots. As
shown in Table 4, CV 3988 competes with PAF for binding
sites in the HL-60 cell line, whereas WEB 2086 had no effect
whatsoever. At higher concentrations (1 x 10~'Â°-1x 10~5 and
1 x IO'9-! x 10~4M, respectively), both PAF and the antagonist

Table 3 Lack of correlation o//CM values (Â¡na)for inhibition of PAF induced
aggregation of human platelets ana antiproliferative activity (/'H/thymidine
uptake) of the different PAF antagonists in the HL-60 cell line after 48 h of

incubation

1CÂ«,(MM)

CompoundSDZ

62-293SDZ
63-135SDZ

63-596SDZ
62-759SDZ

59-015SDZ
62-434Antiproliferativeactivity"<2.06.06.17.036.7>40.0Inhibition

ofPAFinduced
humanplateletaggregation57.01.30.251.632.03.0

" Compounds were ranked according to their antiproliferative activity as com

pared in the Friedman analysis.

Table 2 Significant P values (Wilcoxon test) for each compound compared with each other at equimolar dose levels in the HTCA
Empty fields indicate that no significant difference between the compound on the x axis and the y axis could be found. P values <0.05 indicate that the compound

on the x axis shows a significantly higher cytotoxic effect than the compound on the y axis at the same dose level. P values <0.05 for compounds on the y axis indicate
that this compound has a significantly lower cytotoxic activity than the compound on the x axis at the same dose level. P values between 0.05 and 0.10 are given to
show tendencies of borderline significance.

CompoundsSDZ

62-434SDZ

62-596SDZ

62-759SDZ

62-135SDZ

62-293Dose

level of test
SDZ 62-293 SDZ 62-1 35 SDZ 62-759 SDZ 62-596 SDZ 62-434 compounds(nM)P

= 0.04 P = 0.04 P = 0.04 P =0.04P
= 0.04 P = 0.04 P = 0.04 P =0.04p

= 0.04 P = 0.08 P =0.08P
=0.08P

= 0.04 P =0.04/>
= 0.044020240202402024020240202
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Fig. 4. [3H]thymidine uptake of the HTB-38 cell line in the presence of WEB
2170 at 20 ^M for 2 h (A), in the presence of SDZ 62-293 at 2 MMfor 48 h (B).
or after preincubation with WEB 2170 at 20 /JM for 2 h and subsequent coincu-
bation with SDZ 62-293 at 2 MMfor 48 h (C). Columns, means; bars, SD.

Table 4 Competitive inhibition of specific and nonspecific binding of[3H]PAF by
unlabeled PAF and 2 PAF antagonists, CV 3988 and WEB 2086 (HL-60 cell

line)
IC50(M)"

CompoundPAFCV

3988

WEB 2086Concentrations

of
compound(M)1
x 10-"-5 x 10-

1 x 10-'Â°- x 10"
5 x 10""- x 10"
1 x 10""- x 10-
5 x 10""- x 10-
1 x IO-8- x 10-Specific

binding1
x 10-'

3 x 10-'

NoneNonspecific

binding3

x IO"'

3 x 10-'

None

, concentration of a compound which inhibits binding by 50% at equilib

CV 3988 can be shown to compete for nonspecific binding sites
as well, and again WEB 2086 had no effect at all (Table 4). The
HTB-38 cell line showed no specific binding at all for labeled
PAF (data not shown). Hence, indirect studies using PAF
antagonists for binding inhibition were not feasible. These
studies show that there are no specific binding sites for PAF
present on HL-60 cells and the HTB-38 tumor cell line, two
cell lines sensitive to the cytotoxic effects of the PAF antago
nists studied here. Thus, binding to PAF specific binding sites
does not seem to be a prerequisite for the cytotoxic/antiprolif-
erative activity of these compounds.

DISCUSSION

The data presented indicate that specific noncharged PAF
antagonists from different chemical classes (Fig. 1) have anti
proliferative and cytotoxic activity against a wide variety of
neoplastic cell lines from human origin in vitro as measured by
tritiated thymidine uptake and trypan blue dye exclusion (Table
1; Fig. 2), as well as by a human tumor cloning assay (Fig. 3;
Table 2). In particular, the imidazoisoquinolines such as SDZ
63-135 and imidazopiperidines such as SDZ 62-293 showed
comparatively high activity.

Interestingly, these structures are chemically distinct from
PAF, which is a charged alkyl ether lipid with a glycerol
backbone possessing multiple biological mediator functions (9).
However, the imidazoisoquinolines were designed as orally
active noncharged PAF antagonists with PAF as a template
(19). Ether lipids structurally related to PAF, on the other
hand, have antineoplastic properties in vitro and in vivo and
some of these compounds are in clinical phase I and II trials
(1-8). The molecular mechanisms leading to the cytotoxicity of
these ether lipids are still unknown; however, we could exclude

that binding to specific PAF binding sites on cells or PAF
agonistic/antagonistic properties of these structures correlate
with their cytotoxic effect (10). The same holds true for the
cytotoxic PAF antagonists reported here. There was neither a
correlation between their inhibition of PAF induced platelet
aggregation and their antiproliferative activity (Table 3), nor
could we block the antiproliferative effects by preincubation of
the cells with other nontoxic PAF antagonists (Fig. 4). Fur
thermore, the presence of specific PAF binding sites (receptor
structures) (9, 16) was not even a prerequisite for the cytotox
icity of these PAF antagonists (Table 4). Our data on PAF
binding sites in the nondifferentiated HL-60 cell line are in
accordance with observations reported by Vallari et al. (20).
These authors could find specific PAF binding sites in this cell
line only after granulocytic differentiation. Furthermore, func
tionally active PAF binding sites in human neoplastic cells have
thus far only been described in Raji lymphoblasts (21) and in
U-937 monocyte/macrophage-Iike cells (22). Hence, the mech
anism of action for the cytotoxicity of the compounds studied
in this report is not related to PAF receptors and remains to be
further elucidated.

In conclusion, there is antineoplastic cytotoxicity of some
new PAF antagonists from different chemical classes in vitro.
These structures have not been studied for anticancer activity
before. Comparative testing of these compounds in vitro with
bone marrow cells in the setting of bone marrow purging might
be of interest. Additionally, since there is also some therapeutic
in vivo activity,4 further investigation of these compounds as

experimental drugs in cancer therapy is recommended.
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