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Abstract Purpose: Dolastatin 10 is a natural cytotoxic
peptide which acts through the inhibition of microtubule
assembly. Studies have suggested that such agents can
induce apoptosis in association with bcl-2 phosphory-
lation. Since bcl-2 overexpression is common in small-
cell lung cancer (SCLC), we evaluated the activity of
dolastatin 10 in SCLC cell lines and xenografts.
Methods: In vitro growth inhibition was evaluated with
a standardized MTT assay and apoptosis with ¯uores-
cent microscopy and a TUNEL assay. Immunoblot
analysis and phosphatase digestion were used to deter-
mine bcl-2 modi®cation. In vivo activity was evaluated

in subcutaneous and metastatic SCLC xenograft models
in SCID mice. Results: Dolastatin 10 had growth in-
hibitory activity against four SCLC cell lines (NCI-H69,
-H82, -H446, -H510) with IC50 values ranging from
0.032 to 0.184 nM. All four cell lines exhibited evidence
of apoptosis after 48 h of exposure to 1.3 nM dolastatin
10. Immunoblot analysis revealed that 1.3 nM dolasta-
tin 10 altered the electrophoretic mobility of bcl-2 in
NCI-H69 and -H510 cells within 16 h of treatment.
Incubation of protein extract from dolastatin 10-treated
NCI-H69 and -H510 cells with calcineurin resulted in
the disappearance of the altered mobility species, sug-
gesting dolastatin 10-induced bcl-2 phosphorylation. In
in vivo studies, 450 lg/kg of dolastatin 10 IV ´ 2 given
after intravenous injection of NCI-H446 cells completely
inhibited tumor formation. In established subcutaneous
NCI-H446 xenografts, 450 lg/kg of dolastatin 10 IV
induced apoptosis in the majority of tumor cells within
96 h, resulting in a log10 cell kill of 5.2 and an increase in
median survival from 42 to 91 days. Conclusions: These
®ndings suggest that dolastatin 10 has potent activity
against SCLC and that the modulation of apoptotic
pathways deserves further evaluation as an anticancer
strategy.
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Introduction

Dolastatin 10, a unique peptide derived from the marine
mollusk Dolabella auricularia, has been shown to have
potent cytotoxic activity in preclinical models of human
leukemia and lymphoma [3, 11, 16]. The mechanism of
action of dolastatin 10 in hematopoietic cells appears to
be the inhibition of microtubule assembly with subse-
quent mitotic arrest and apoptosis [2]. In addition, re-
ports have suggested that dolastatin 10 exhibits
cytotoxic activity in some preclinical solid tumor models
[21, 22], but activity has not been evaluated in human
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lung cancer. Phase I clinical trials of dolastatin 10 have
been completed and phase II trials are underway.

The induction of apoptosis is an important mecha-
nism of action of many cytotoxic agents and recent
studies have suggested that the dysregulation of apop-
totic pathways can play a signi®cant role in the devel-
opment of therapeutic resistance in cancer cells [7, 17].
The product of the bcl-2 oncogene serves as an inhibitor
of cell death in many, but perhaps not all, apoptotic
pathways [19]. In vitro studies have demonstrated that
bcl-2 expression inversely correlates with sensitivity to
many chemotherapeutic agents [17] and that drug-in-
duced bcl-2 phosphorylation is associated with the in-
duction of apoptosis [5, 8, 9]. In small-cell lung cancer
(SCLC), bcl-2 overexpression has been reported in most
cell lines and primary tumors [4, 12, 20]. In addition,
overexpression of exogenous bcl-2 in one SCLC cell line
inhibited apoptosis induced by some cytotoxic agents
[15], and antisense bcl-2 oligonucleotides induced ap-
optosis in several SCLC cell lines [23], suggesting that
bcl-2 overexpression may play a role in cell survival and
treatment resistance in SCLC. The development of
pharmacologic agents that modify bcl-2 expression and/
or activity appears to be a rational strategy for novel
anticancer therapy. We now report that dolastatin 10
has in vitro and in vivo cytotoxic activity against human
SCLC cells, and that dolastatin 10-induced apoptosis in
SCLC cells is associated with bcl-2 phosphorylation.

Materials and methods

Cell culture

Four small-cell carcinoma cell lines (NCI-H69, NCI-H82, NCI-
H446 and NCI-H510) were obtained from ATCC (Rockville, Md.)
and propagated in RPMI-1640 medium (Sigma, St. Louis, Mo.)
supplemented with 5% fetal calf serum (Sigma), penicillin (100 l/
ml), streptomycin (100 lg/ml), and HITES (10 nM hydrocortisone,
15 lg/ml insulin, 100 lg/ml transferrin, 10 nM 17-b-estradiol,
30 nM selenium) in a humidi®ed incubator at 37 °C under an at-
mosphere containing 5% CO2. Dolastatin 10 was synthesized and
supplied by G.R. Pettit.

Viability assay

Cells were treated with a range of concentrations of dolastatin 10
and seeded in 96-well plates with 200 ll/well and ®ve wells per
sample concentration at a density of 1±4 ´ 104 cells/ml. Control
cells were treated with 0.1% DMSO and blank wells were loaded
with medium only. After 5 days, 50 ll 1.0 mg/ml MTT (Sigma
Chemicals, St. Louis, Mo.) was added to each well and the plates
were incubated for 4 h at 37 °C prior to dissolution of formazan
crystals in 200 ll DMSO. Absorbance at 570 nm (A570) was
determined for each well, and the survival fraction for each study
condition was calculated from the ratio: (mean A570 treated
cells ) mean A570 blank wells)/(mean A570 control cells ) mean
A570 blank wells). The IC50 was determined with data from three
experiments using CalcuSyn software (Biosoft, Cambridge, UK).

Flow cytometry

For DNA content analyses, 1 ´ 106 cells were exposed to either
0.1% DMSO or 1.3 nM dolastatin 10 for 24 or 48 h prior to

®xation and staining with 5.0 lg/ml propidium iodide (PI) +
RNase A. For the TUNEL (TdT-mediated dUTP nick-end label-
ing) assay, 2±4 ´ 106 cells were exposed to either 0.1% DMSO or
1.3 nM dolastatin 10 for up to 72 h prior to processing according
to the ApopTag-Fluorescein (Oncor, Gaithersburg, Md.) protocol.
Brie¯y, cells were incubated with TdT and digoxigenin-labeled
dUTP followed by incubation with FITC-labeled anti-digoxigenin
antibody (anti-dig-FITC) and counterstaining with 5 lg/ml PI.
All samples were analyzed using a Becton-Dickinson (San Jose,
Calif.) FACScan ¯ow cytometer. Relative DNA content (PI) was
detected with bandpass ®lter 585/42, and dUTP incorporation
(anti-dig-FITC) with bandpass ®lter 530/30. For DNA histogram
generation, the FACScan doublet discrimination circuit was
employed. Data were analyzed using ModFit (Verity, Topsham,
Me.) and/or PC-LYSYS software. All experiments were repeated
at least twice.

Fluorescent microscopy

Cells (1±3 ´ 106) were exposed to either 0.1% DMSO or 1.3 nM
dolastatin 10 for up to 48 h prior to ®xation and staining with
5.0 lg/ml PI + RNase A. All samples were analyzed on a Zeiss
Laser Scanning Microscope LSM 310 with a 543 nm HENE laser.
All experiments were repeated at least twice.

Immunoblot analysis

Cells were treated with either 0.1% DMSO or the indicated con-
centrations of dolastatin 10 prior to extraction of total cellular
protein by sonication in lysis bu�er (1 ´ PBS, 20 lg/ml aprotinin,
20 lg/ml leupeptin, 1.0 mM PMSF). Equivalent amounts of pro-
tein from each sample were separated via SDS-PAGE followed by
electroblot transfer to Hybond C-Super membranes (Amersham,
Arlington Heights, Ill.). For immunodetection, membranes were
blocked prior to incubation with mouse monoclonal anti-bcl-2 or
anti-b-actin primary antibody (Calbiochem, Cambridge, Mass.) at
a 1:100 dilution for 1 h, followed by incubation with sheep anti-
mouse Ig HRP-conjugated secondary antibody (Amersham) at a
1:1000 dilution for 1 h. Chemiluminescent detection was performed
using ECL reagents (Amersham).

Phosphatase digestion

Total cellular protein (15 lg) extracted from cells treated with ei-
ther 0.1% DMSO or 1.0 ng/ml (1.3 nM) dolastatin 10 for 24 h was
incubated in reaction bu�er (20 mM HEPES/KOH, pH 7.4, 5 mM
MgCl2, 1 mM CaCl2, 0.5 U/ll calmodulin, 20 lg/ml aprotinin,
20 lg/ml leupeptin, 1.0 mM PMSF) with and without 1.0 U/ll
calcineurin (Sigma Chemical Co.) for 30 min at 37 °C. Immunoblot
analysis was then performed as described above.

In vivo studies

Inbred female CB-17 SCID mice (Taconic, Germantown, N.Y.)
were obtained at 3 weeks of age. All experimental protocols were
approved by the Wayne State University Animal Investigations
Committee. All animals received cyclophosphamide 150 mg/kg ´ 1
subcutaneously in the dorsum of the neck 3 days prior to tumor cell
inoculation. For subcutaneous (SC) xenograft experiments,
animals were randomly divided into two experimental groups
(control, n � 8; treated, n � 10) after injection of 5 ´ 106 cells in
0.1 ml PBS into each ¯ank. Animals were evaluated at least every
other day, and the tumor mass was estimated using the formula,
tumor mass (mg) � (a ´ b2)/2, where a and b are tumor length and
width, respectively. When the median tumor mass reached 100±
150 mg (day 26), all animals in the treatment group received
450 lg/kg dolastatin 10 via the tail vein. Treatment was repeated
on day 36. One control and two treated animals were sacri®ced 48
and 96 h after the ®rst dolastatin 10 injection and tumors were
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harvested for histologic evaluation. The remaining six animals in
each group were followed for tumor growth and survival.

Three methods were used to assess in vivo antitumor activity:
(1) tumor growth delay, in terms of the T)C value, in which T is
the median time (in days) required for the treatment group tumors
to reach a predetermined size, and C is the median time (in days)
for the control group tumors to reach the same size, using 2000 mg
as the target tumor size; (2) tumor cell kill, in terms of log10 cell kill
calculated using the formula, log10 kill (total) � (T)C)/
(3.32 ´ Td), in which T)C is the tumor growth delay (in days) as
described above and Td is the tumor volume doubling time (in
days) estimated from control group tumors during exponential
growth (500±1500 mg); and (3) tumor growth inhibition, calculated
as 100 ) (T/C ´ 100), in which the median tumor mass in each
group (C, control; T, treatment) was determined at a time when the
control group's median tumor mass was between 750 and 1500 mg.

For IV xenograft experiments, all animals were randomly di-
vided into two groups (control, n � 8; treatment, n � 8) after
injection of 2 ´ 106 NCI-H446 cells in 0.1 ml PBS via the tail vein.
Treatment group animals received 450 lg/kg dolastatin 10 on days
7 and 17 via the tail vein. Criteria for euthanasia included: tumor
size ³ 2000 mg, paralysis, inability to access food or water, weight
loss >20%, respiratory distress, and central nervous system dys-
function.

Results

Inhibition of in vitro growth of SCLC cells
by dolastatin 10

The cytotoxic activity of dolastatin 10 was evaluated in a
heterogeneous panel of four human SCLC cell lines
which represent the phenotypic, biochemical and genetic
variability seen in SCLC tumors. Cell lines were exposed
to a range of concentrations of dolastatin 10 for 5 days
prior to the determination of viable cell survival via a
standardized MTT assay. A dose-response relationship
was noted in all cell lines, with IC50 values of 0.032±
0.184 nM and IC95 values of 0.49±2.7 nM (Table 1).
Exposure of NCI-H82 cells to 0.16±1.3 nM of dolastatin
10 for 8 h prior to washout resulted in 80±96% of the
cytotoxicity seen in cells exposed to dolastatin 10 con-
tinuously for 96 h (data not shown).

Induction of apoptosis in SCLC cells in vitro
by dolastatin 10

SCLC cells were exposed to 1.3 nM dolastatin 10 for 24
and 48 h prior to ¯ow cytometric DNA content analysis.
All four cell lines exhibited a substantial increase in the
percentage of cells arrested in the G2/M phase of the cell
cycle (Table 2, Fig. 1A). In addition, the percentage of

cells containing a subdiploid DNA content was in-
creased after exposure to 1.3 nM dolastatin 10 for 48 h
(NCI-H69, 19.9% vs 1.3%; NCI-H82, 43.3% vs 5.5%;
NCI-H446, 57.3% vs 4.0%; NCI-H510, 25.3% vs
4.0%), suggesting an increase in apoptotic cells with
nucleosomal DNA fragmentation. A quantitative TU-
NEL assay demonstrated that the percentage of NCI-
H69 and NCI-H446 cells with increased dUTP incor-
poration, consistent with apoptosis, rose substantially
after 48 h treatment with 1.3 nM dolastatin 10
(Fig. 1B). A similar increase in the percentage of apop-
totic cells was observed in similarly treated NCI-H82
and NCI-H510 cells (data not shown). Fluorescent mi-
croscopic evaluation of PI-stained SCLC cells revealed
typical apoptotic features in NCI-H69, NCI-H82, NCI-
H446 and NCI-H510 cells after exposure to 1.3 nM
dolastatin 10 for 48 h (Fig. 2). These features included
cellular shrinkage, cytoplasmic vacuolization, chromatin
condensation and nuclear fragmentation into apoptotic
bodies. These ®ndings suggest that dolastatin 10 inhibits
growth through a rapid induction of apoptotic pathways
in SCLC cell lines.

Bcl-2 modi®cation in SCLC cells
after dolastatin 10 treatment

NCI-H69 and NCI-H510 cells express relatively high
levels of bcl-2, while NCI-H446 and NCI-H82 cells ex-
press very low levels of bcl-2. Immunoblot analysis re-
vealed a dose-dependent alteration in the bcl-2
electrophoretic pattern in NCI-H69 and NCI-H510 cells
exposed to at least 1.0 ng/ml (1.3 nM) of dolastatin 10
for 24 h (Fig. 3A). This altered pattern consisted of the
appearance of one to two bands with slightly slower
mobility, suggesting post-translational modi®cation.
Faint alterations in bcl-2 expression were detectable in
NCI-H446 cells, while bcl-2 could not be detected in
NCI-H82 cells. In NCI-H69 cells, the species with slower
mobility were evident by 16 h and overall expression of
bcl-2 decreased after 48 h of exposure to 1.3 nM dol-
astatin 10 (Fig. 3B). To determine whether this modi®-
cation represented bcl-2 phosphorylation, total cellular
protein from NCI-H69 and NCI-H510 cells exposed to
1.3 nM of dolastatin 10 for 24 h was incubated with
calcineurin, a calcium-calmodulin-dependent type 2B

Table 1 Growth inhibitory e�ect of dolastatin 10. Values are the
means of at least three experiments

Cell line IC50 � SE (nM)

NCI-H82 0.032 � 0.008
NCI-H446 0.048 � 0.011
NCI-H69 0.059 � 0.003
NCI-H510 0.184 � 0.005

Table 2 Cell cycle analysis after exposure to dolastatin 10 for 24 h.
Values are the means of at least three experiments � SD (D10
1.3 nM of dolastatin 10)

G0/G1 (%) S (%) G2/M (%)

NCI-H69 48.1 � 4.9 34.4 � 3.6 17.5 � 1.3
NCI-H69 + D10 9.9 � 3.1 16.1 � 6.3 74.0 � 9.0
NCI-H82 43.5 � 2.6 34.7 � 3.0 21.8 � 3.3
NCI-H82 + D10 17.1 � 1.7 28.0 � 4.1 54.9 � 5.8
NCI-H446 54.8 � 6.5 38.3 � 3.7 7.0 � 3.3
NCI-N446 + D10 7.4 � 4.3 10.0 � 4.5 52.7 � 5.0
NCI-H510 45.9 � 3.4 45.5 � 2.0 8.5 � 1.2
NCI-H510 + D10 8.3 � 4.3 33.6 � 5.4 58.2 � 9.6
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phosphatase, in the presence of protease inhibitors to
prevent nonspeci®c proteolysis. Calcineurin treatment
resulted in restoration of the original p26bcl-2 band and
disappearance of the species with slower mobility
(Fig. 3C), supporting the hypothesis that dolastatin 10
induces bcl-2 phosphorylation. Similar results have been
observed in NCI-H69 and NCI-H510 cells after treat-
ment with paclitaxel (data not shown).

In vivo activity of dolastatin 10 in SCLC xenografts

We have developed two e�cient xenograft models
using the NCI-H446 SCLC cell line in CB-17 SCID
mice. In the ®rst model, intravenous injection of 2 ´ 106

cells via the tail vein results in widespread disease in all
animals in an anatomic pattern resembling metastatic
human SCLC. In the second model, subcutaneous
bilateral ¯ank injection of 5 ´ 106 cells results in pal-
pable tumors in over 90% of injection sites within
3 weeks of tumor cell injection, but no evidence of
metastatic disease.

Table 3 summarizes the activity of dolastatin 10 in
the metastatic SCLC xenograft model. This experiment
demonstrated that intravenous injection of 450 lg/kg
dolastatin 10 on days 7 and 17 after intravenous tumor
cell injection completely inhibited the formation of NCI-
H446 xenografts in all eight treated animals. These an-
imals all remained healthy, except for transient weight
loss following drug administration, until they were eu-

Fig. 1 A DNA content analysis: NCI-H446 (top row) and NCI-
H510 (bottom row) exposed to 0.1% DMSO (left) or 1.3 nM
dolastatin 10 for 24 h (center) or 48 h (right). Note G2/M arrest at
24 h and emergence of subdiploid peak at 48 h. B TUNEL assay:
single-parameter histograms of log10 FITC ¯uorescence indicating
digoxigenin-UTP (d-UTP) incorporation by anti-digoxigenin-
FITC antibody labeling. Percentages indicate cells with increased
d-UTP incorporation, correlating with apoptosis, as determined by
integration of the area under the curve within ®xed marker limits
(range 40±400). NCI-H446 and NCI-H69 cells were exposed to
either 0.1% DMSO (left) or 1.3 nM of dolastatin 10 (right) for 48 h

b

Fig. 2 Fluorescent micro-
graphs of SCLC cells exposed
to 0.1% DMSO (control) or
1.3 nM of dolastatin 10 (dolas-
tatin 10) for 48 h. Note cellular
shrinkage, chromatin conden-
sation and nuclear fragmenta-
tion consistent with apoptosis
in all cell lines following expo-
sure to dolastatin 10 (´600)
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thanized on day 214 at which time thorough necropsies
revealed no gross or microscopic evidence of disease. In
contrast, all eight control animals developed clinical
evidence of metastatic tumors by day 63 and were eu-
thanized with progressive disease at multiple sites by day
72 after tumor cell injection (Table 3).

In order to determine the in vivo activity of dolastatin
10 against established SCLC tumors, subcutaneous
xenografts were allowed to reach a median mass of 100±
150 mg before animals were treated intravenously with
450 lg/kg dolastatin 10 on days 26 and 36 (Table 4).
Dolastatin 10 induced measurable shrinkage in all tu-
mors and had a profound e�ect on tumor growth inhi-
bition, tumor growth delay, log10 cell kill and survival
when compared to control animals (Table 4). One dol-
astatin 10-treated animal had no gross or microscopic
evidence of disease after euthanasia on day 107 after
tumor cell injection. To evaluate the in vivo induction of
apoptosis, additional control and treated animals were
sacri®ced 48 and 96 h following the ®rst dose of dolas-
tatin 10 and tumors were removed for histopathologic

evaluation. By 48 h apoptotic cells were evident in all
tumors from treated animals and by 96 h the majority of
cells appeared to be apoptotic (Fig. 4).

Discussion

In the present study, dolastatin 10 exhibited potent
growth inhibitory activity against a panel of genetically
heterogeneous SCLC cell lines with apoptosis observed
within 48 h of exposure to 1.3 nM dolastatin 10. In
addition, dolastatin 10 had profound e�ects on the
growth of metastatic and subcutaneous SCLC xeno-
grafts in SCID mice. The reported mechanism of action
of dolastatin 10 involves the interruption of tubulin
polymerization with subsequent mitotic arrest and cell
death. An additional aspect of this mechanism is sug-
gested, but not proven, by the ®nding that dolastatin 10-
induced apoptosis was associated with bcl-2 phosphor-
ylation in SCLC cells that inherently overexpress bcl-2.
Phase I clinical studies have shown that transient peak

Fig. 3 A Immunoblot analysis with 15 lg total cellular protein
from the noted SCLC cell lines exposed to either 0.1% DMSO (lane
1) or increasing concentrations of dolastatin 10 (lanes 2±4) for 24 h.
Membranes were sequentially probed with monoclonal bcl-2 and b-
actin antibodies followed by chemiluminescent immunodetection.
Note the emergence of species with slower mobility in NCI-H69
and NCI-H510 cells in a dose-dependent manner. b-actin denotes
equivalence of loading. B Immunoblot analysis with 15 lg total
cellular protein from NCI-H69 cells treated with either 0.1%
DMSO (control, lanes 1±4) or 1.0 ng/ml (1.3 nM) dolastatin 10
(lanes 5±8) for the noted times. The membrane was sequentially
probed with monoclonal bcl-2 and b-actin antibodies. b-actin
denotes equivalence of loading. C Immunoblot analysis of
phosphatase assay with 15 lg total cellular protein from NCI-
H69 or NCI-H510 cells exposed to either 0.1% DMSO (Control,
lanes 1 and 4) or 1.0 ng/ml (1.3 nM) dolastatin 10 for 24 h without
(Dol, lanes 2 and 5) or with (Dol+CN, lanes 3 and 6) in vitro
incubation of protein extract with calcineurin. Note disappearance
of species with slower mobility after incubation with calcineurin. b-
actin denotes equivalence of loading

Table 3 Inhibition of intravenous NCI-H446 xenografts with do-
lastatin 10

Control
(n = 8)

Dolastatin 10
(n = 8)

Dose ± 450 lg/kg IV ´ 2
Schedule ± Days 7 and 17
Mean weight change (%)
Day 9 vs day 7 )6.1 )9
Day 19 vs day 17 +1.1 )6.3

Tumor latency (days)
Median 54.5 ±
Range 44±63 ±

Survival (days)
Median 59 214a

Range 53±72 ±

aAll animals euthanized with no evidence of disease
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serum concentrations of 100 nM are achievable after a
single dose of dolastatin 10, with a subsequent plateau of
1.0±2.0 nM and a serum half-life of 8±20 hours [1, 18].
These phase I studies have also demonstrated that my-
elosuppression is the dose-limiting toxicity of dolastatin

Table 4 Treatment of estab-
lished subcutaneous NCI-H446
xenografts with dolastatin 10

Control
(n = 6)

Dolastatin 10
(n = 6)

Dose ± 450 lg/kg IV
Schedule ± Days 26 and 36
Mean body weight change (%)
Day 30 vs day 26 +1.3 )16.3
Day 38 vs day 36 )1.2 )6.1

Tumor mass on day 26 (mg)
Median 116 122
Range 6±320 48±221

Tumor mass on day 40 (mg)
Median 1635 44
Range 1080±2176 6±113

Tumor growth inhibition (100 ) (T/C ´ 100)) ± 97
Tumor growth delay (T)C days)a ± 50
Log10 cell kill ± 5.2

Survival (days)
Median 42 91
Range 40±42 71±107

Tumor-free on day 107 0/6 1/6

a Excludes one animal cured of tumor

Fig. 4A±D Photomicrographs of NCI-H446 subcutaneous xeno-
grafts after H&E staining: A control (´1000), B 48 h after
treatment with dolastatin 10 (´1000), C 96 h after treatment with
dolastatin 10 (´1000), D 96 h after treatment with dolastatin 10
(´2500). Note cellular shrinkage, nuclear condensation and nuclear
fragmentation after dolastatin 10 treatment
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10.Althoughdolastatin 10 induced substantialweight loss
in our in vivo studies, it did not a�ect the animals' activity
level nor result in other observable toxicity. Overall, these
®ndings suggest that clinical studies to evaluate dolastatin
10 in patients with lung cancer are justi®ed.

Despite a high rate of response to initial therapy,
nearly all patients with SCLC relapse and die with
treatment-resistant disease, resulting in a 5-year survival
of less than 10%. The molecular events involved in the
progression of SCLC are poorly understood and the role
of novel molecular mechanisms of treatment resistance,
such as bcl-2 overexpression, remains unknown. Evi-
dence suggests that alterations in the activity of bcl-2
and related proteins can greatly a�ect the e�cacy of
radiation and chemotherapy in a variety of malignant
cell types, including SCLC [15, 17]. For example, anti-
sense inhibition of bcl-2 expression has been shown to
increase sensitivity to cytotoxic agents in both hemato-
poietic and SCLC cells [13, 23]. Clinical reports have
suggested that the overexpression of bcl-2 is associated
with poor response to therapy and/or poor overall sur-
vival [17]. Therefore, the lowering of the apoptotic
threshold in cancer cells via the inactivation of bcl-2
function may be a rational therapeutic strategy.

Although drug-induced bcl-2 phosphorylation has
been associated with apoptosis in several malignant cell
types, a causal relationship between the modi®cation of
bcl-2 and the induction of cell death has yet to be
demonstrated. Thus far, several cytotoxic agents that
induce G2/M arrest through interactions with tubulin,
but not those acting through other mechanisms, have
been reported to induce bcl-2 phosphorylation in asso-
ciation with apoptosis [6, 10]. In contrast, May et al. [14]
have reported that bcl-2 phosphorylation, albeit without
a molecular weight shift on immunoblot analysis, leads
to a suppression of apoptosis following growth factor
withdrawal in murine myeloid cells, suggesting increased
bcl-2 activity after phosphorylation. The disparate ef-
fects of bcl-2 phosphorylation on apoptosis may be ex-
plained by variations in the expression of other
apoptotic mediators in di�erent cell types or the e�ects
of phosphorylating agents on other components of the
apoptotic pathways. We have noted that dolastatin 10
has no e�ect on bax expression and are further charac-
terizing apoptotic mediators in SCLC cells.

Although our ®ndings suggest that dolastatin 10-in-
duced apoptosis is associated with bcl-2 phosphoryla-
tion in SCLC cells, it remains possible that the observed
alteration in bcl-2 does not re¯ect phosphorylation or
that apoptosis in this setting is independent of any bcl-2
modi®cation. However, since many cytotoxic agents
exert their cytotoxic e�ects through bcl-2-dependent
apoptotic pathways, compounds such as dolastatin 10
that post-translationally modify bcl-2, may be useful
additions to future anticancer regimens.
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