
Abstract. Background/Aim: Anthracyclines have been
proven able to reduce the activity of vinca alkaloids by
induction of cell-cycle arrest. The present study aims at
identifying the critical initiation steps of signal transduction
which transduce the inhibitory effects on the cytotoxicity of
vinca alkaloids. Materials and Methods: Several new
cytostatic drug classes were evaluated together with
vincristine in tumor cell lines and patients' tumor cells. RNA
interference was used for molecular analyses. Results:
Inhibition of vincristine was observed by all cytostatic drugs,
which induced cell-cycle arrest. Knockdown of proteins of the
DNA damage response ascribed the inhibitory effect to a
common pathway involving Chk-1, p53 and p21. Upstream of
Chk-1 signal transduction depended on both ATM and ATR
for all drugs except methotrexate. Conclusion: We have
identified critical signaling steps of the DNA damage
response system activated by cytostatic drugs, which reduce
the anti-tumor activity of vinca alkaloids. The obtained results
encourage the development of novel therapeutic strategies to
prevent pathway interactions based on the molecular
understanding of drug action and drug-drug interactions.

The major aim for combining chemotherapeutic drugs is to
synergistically induce cell death while preventing survival of
tumor cells resistant to single-drugs. Historically, poly-
chemotherapy protocols have been established empirically and
most current drug combinations rely on clinical trials which

have been performed in times when molecular studies were
still hampered by the lack of technology. Therefore, many of
the poly-chemotherapy regimens are not based on a
mechanistic understanding (1-4). Mechanistic understanding
of drug-drug interactions inherits a huge translational potential
for optimizing poly-chemotherapy protocols by favoring
synergistic and avoiding unfavorable drug combinations.

We have recently described, that anthracyclines reduce the
cytotoxic activity of vinca alkaloids in tumor cells of
different origin, primary patient cells and in different in vivo
models of hematopoietic and solid tumors. The negative
effect was ascribed to the cytostatic action of anthracyclines;
two clinically-feasible approaches were disclosed, which
lead to superior efficacy of the combination: time-scheduled
application of both drugs or the avoidance of cell-cycle arrest
using biochemical inhibitors. On the molecular level, p53
was identified as the central apoptosis protein responsible for
the transduction of this negative effect (5, 6). 

p53 is one of the central regulators within the complex
network of DNA damage response, which involves the central
signaling pathways of cell-cycle control, DNA repair,
transcriptional regulation, senescence and cell death. The
complex program of p53 actions aims to maintain genomic
integrity and p53 is a central regulator of embryonic
development under physiological conditions. Generally, p53
is a major contributor to successful cancer therapy, but under
certain conditions and upon mutation p53 limits cancer
therapy efficacy both by chemotherapeutic drugs and
irradiation (7-12). The partly contradictory results in different
experimental settings and tumor cells can be explained by the
complexity of the DNA damage response signaling network
(13-15). For the DNA damage response, ATM/ATR,
Chk1/Chk2, p53 and p21 are central regulatory players during
the activation of this network (13). Despite the many positive
actions DNA damage response on cell integrity and stability,
negative effects within a specific context have been ascribed
i.e. to transcriptional control and cell death (16, 17).
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Further studies on the negative impact of anthracyclines
on vinca alkaloids are urgently needed and are of high
clinical relevance as many ongoing clinical trials are
evaluating the therapeutic efficency of the combination of
tubulin-binding agents and anthracyclines for various types
of cancers (4, 18). In the present study, critical signal
transduction steps within the DNA damage response
mechanism were discovered which are responsible for the
execution of cell-cycle arrest by anthracyclines and for
prevention of the cytotoxicity of vinca alkaloids. As cell-
cycle arrest is a general feature of different classes of
chemotherapeutic drugs, further cytostatic drugs were
identified which inhibit the anti-tumor effect of vincristine
including alkylating agents, anti-metabolites, nucleoside
analogues and topoisomerase inhibitors. The present study
unravels the potential for the molecular understanding of
drug-drug interactions on optimizing poly-chemotherapy
protocols, e.g. regarding the combination of cytostatic drugs
with vinca alkaloids (19-22).

Materials and Methods

Materials and reagents. Antibodies against ATM, Bcl-xL, Chk1,
cleaved Casp-3 and p-Histone H3 Ser10 were obtained from Cell
Signaling Technology (Danvers, MA, USA); antibodies against
ATR, Bcl-2, p21 and p53 from Santa Cruz (Santa Cruz, CA, USA);
against GAPDH from Thermo Fisher (Waltham, MA, USA) and
against cyclin D1 from BD Biosciences (San Jose, CA). 4-
hydroperoxy-cyclophosphamide was obtained from Baxter oncology
GmbH (Frankfurt, Germany), TRAIL was obtained from Pepro
(Peprotech, Hamburg, Germany), caffeine, methotrexate and
vincristine from Calbiochem (Darmstadt, Germany). All other
reagents were obtained from Sigma (St. Louis, MO).

Cell lines and primary samples. HCT116 p53 +/+ were obtained
from B. Vogelstein (23). All other cell lines were obtained from
DSMZ (Braunschweig, Germany) and cultured as previously
described (6, 24, 25). For cell line experiments, cells were seeded at
0.05×106/ml and incubated with chemotherapeutic drugs at peak
plasma concentration for 48 h unless otherwise stated.

Primary acute lymphoid leukemia (ALL) blasts were obtained
from children treated at the Ludwig Maximilians University (LMU)
Children’s Hospital or the children’s hospital of the TU Munich.
Experiments were in accordance with the declaration of Helsinki
and approved by the ethical committee of the medical faculty of the
LMU (Ethikkommission der Medizinischen Fakultät der LMU;
number LMU 068-08) and of the TU (Ethikkommission der Fakultät
für Medizin der Technischen Universität München; number TU
2115/08). Written informed consent was obtained from the next of
kin, caretakers, or guardians on the behalf of the minors/children
for use of the samples in research. Isolation and stimulation of
leukemia cells was performed as described recently (5, 26). 

Transfection experiments, flow cytometry, apoptosis assays, and
western blots. Transfection experiments where performed using
lentiviral transfection, as previously described (5, 6, 27). The p53
construct has been published before (5). For the expression of shRNA

against the other specific targets, oligonucleotides containing 19-21 bp
sequences against ATM (5’-CTGAGTAATACGCAAATCCGG-3’),
ATR (5’-GACGAGCTGAGACGACGCCGG-3’), Chk-1 (5’-GGGAU
AACCUCAAAAUCUCUU-3’ or p21 (5’-TGTCAGAAC CGGCT
GGGGA-3’) mRNA were cloned between BamHI and EcoRI sites of
the vector pGreenPuro (System Biosciences, Mountain View, CA,
USA), as described recently (27). 

Cell death induction after transfection of mock control constructs
did not differ compared to parental cells. For the ease of reading,
stimulation experiments of mock-transfected cells are not presented
in presented Figures.

Cell death induction was determined by Nicoletti staining in
tumor cell lines and forward-side scatter analysis of primary
leukemia blasts. Specificity of apoptotic cell death was verified by
simultaneous Annexin V-PI double-stain in selected experiments as
published before (5, 6). Cell-cycle analysis was performed using
propidium iodine staining and G0 and G1 phases were separated by
simultaneous staining against cyclin-D1; G2 and M by the detection
of p-Histone H3 Ser10, as recently described (5, 6). Western blot
analysis of whole-cell lysates was performed as described
previously (27, 28). 

Statistical analysis. Specific apoptosis and survival were calculated
as described previously (5, 6). The Fractional product method was
employed to discriminate between synergistic and antagonistic
effects of the combined application in primary samples as shown
recently (5, 29). Relevant synergism was accepted with FP-values
≥0,1, relevant antagonism with FP-values ≤–0,1.

All cell line experiments were performed at least three times and
mean values±SEM were calculated. To test for statistically
significant differences, one-way RM ANOVA was performed using
Sigma Plot software version 12.3 (Systat Software Inc., Chicago,
IL). Significance was accepted at a p<0.05.
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Results

We recently described the negative effects of anthracyclines
on vinca alkaloids during simultaneous application. The
cytotoxic activity of vinca alkaloids was abrogated by the
cell-cycle arrest which was simultaneously induced by
anthracyclines (5, 6). Here, we aimed at identifying the
critical initiation steps of signal transduction which transduce
the inhibitory effects on the cytotoxicity of vinca alkaloids.

The cell death-inducing capacity of vincristine is attenuated
by different classes of cytostatic drugs. Within current poly-
chemotherapy protocols, vinca alkaloids are combined with
anthracyclines, but also with many other cytotostatic drugs
including alkylating agents, anti-metabolites, nucleoside

analogues and topoisomerase inhibitors (19-22). Therefore,
we evaluated the agents’ combinatorial effects in tumor cell
lines of different origin, including neuroblastoma, lung,
colon and renal cancer cells. Using doxorubicin as an
internal control, known to inhibit vincristine-induced
apoptosis, the cytostatic agents cyclophosphamide (cyclo),
etoposide (VP-16), 5-fluorouracil (5-FU) and methotrexate
(MTX) were tested. In all tested cell lines, doxorubicin
reduced the cytotoxic activity of vincristine (VCR) and
concomitantly, all other cytostatic agents reduced cell death
by VCR; the extent of inhibition was dependant on the cell
line and the applied drug (Figure 1A and Figure 5A-D). 

To discriminate the effects of cytostatic drugs on the cell-
cycle we performed detailed cell-cycle analyses. These
studies demonstrtated an arrest in G1-phase by MTX while
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Figure 1. Negative effects of cytostatic drugs on vinca alkaloid-induced apoptosis in tumor cell lines and primary tumor cells. (A) SHEP
neuroblastoma cells were stimulated with doxorubicin (doxo; 100 ng/ml), 4-hydro-peroxy-cyclophosphamide (cyclo; 3 μM), etoposide (VP-16; 1
μM), 5-fluorouracil (5-FU; 10 μM) or methotrexate (MTX; 30 μM) and vincristine (VCR, 300 ng/ml) as indicated for 48 h. (B) SHEP cells from
Figure 1A were analyzed for cell-cycle distribution using the recently described flow cytometric staining against cyclin-D1 to discriminate cells in
G0 and G1 phase and against p-Histone H3 to separate cells in G2 and M-phase in combination with propidium iodide staining (5, 6). (C) SHEP
cells were stimulated with betulinic acid (BA, 1 μg/ml), dacarbacine (1 ng/ml) or the death-inducing ligand TRAIL (3 ng/ml) and VCR, as in Figure
1A. (D) 12 different primary samples were simultaneously stimulated with doxo (300 ng/ml), cyclo (1 μM), MTX (30 μM) or VP-16 (0,1 μM) plus
VCR (300 ng/ml). Detailed analyses using the Fractional Product method to discriminate synergistic and antagonistic effects are presented in Figure
5E-H. Primary samples were separated by the effects of the combinatorial stimulation in comparison to the independent application. Fractions are
presented as percentages with antagonistic (black bars), unchanged (grey bars) or synergistic (white bars) effects when both drugs were applied
simultaneously. For all cell line experiments, apoptosis was determined by PI staining of fragmented DNA and FACscan analysis and data are
presented as mean±SEM of at least three independent experiments if not stated differently. Statistical analysis was performed using ANOVA, *p<0.05.
NS, Not significant.
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Figure 2. Impact of the cytostatic drugs doxo, MTX and VP-16 on VCR-induced apoptosis signaling in SHEP cells. (A-C). SHEP cells stimulated as
in Figure 1A were analyzed for accumulation of p53 and p21 (A), phosphorylation of Bcl-2 and Bcl-XL (B) and cleavage of caspase-3 (C). (D)
SHEP cells pre-treated with caffeine (300 μg/ml) for 12 h were stimulated with VP-16 (left panel) or MTX (right panel) plus VCR, as in Figure 1A.
Western blot analysis was performed on total cellular extracts. Drug concentrations, measurement of apoptosis, presentation of data, and statistical
analysis were performed as described in Figure 1A.
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Figure 3. The negative effect depends on p53 and p21. (A) Parental SHEP cells and cells stably-transfected with shRNA against p53 were stimulated
with doxo (left panel), VP-16 (central panel) or MTX (right panel) plus VCR as in Figure 1A. (B) Parental SHEP cells and cells stably-transfected
with shRNA against p21 were stimulated as in Figure 3A. Drug concentrations, measurement of apoptosis, western blot, presentation of data, and
statistical analysis were performed as described in Figure 1A and 2A.



cyclo, VP-16 and 5-FU led to an accumulation of cells in G2.
When any of these drugs was combined with VCR, the cell-
cycle arrest by any of the cytostatic agents prevailed and
prevented the transition into M-phase necessary for VCR
cytotoxicity (5, 6) (Figure 1B). In contrast, chemotherapeutic
agents like betulinic acid, dacarbazine and TRAIL did not
affect the cell cycle and consequently did not impact on cell
death induction by vincristine (Figure 1C).

To confirm the relevance of the observed effects on
primary tumor cells, primary B- and T-ALL cells obtained

from 12 children before therapy, were stimulated with doxo,
cyclo, MTX or VP-16 together with VCR in clinically-
relevant concentrations (Table I). The combinatorial treatment
effects were compared to the calculated effects of the
independent application using the Fractional Product Method,
as recently described (Figure 1D and Figure 5E-H) (5, 6, 29).
In line with published data for doxo and VCR, in 11 out of
12 conditions the independent application of the cytostatic
drugs cyclo, MTX or VP-16 together with VCR was superior
or equivalent to the combinatorial treatment approach. 
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Next, we aimed to clarify the intracellular signal
transduction influenced by the tested cytostatic agents. For
anthracyclines and vinca alkaloids, we have recently
described, that the accumulation of p53 and consecutive cell-
cycle arrest in G2 inhibited the phosphorylation of Bcl-2
family members and cleavage of executioner caspases of cell
death (5, 6). We selected VP-16, which arrested the cell cycle
in G2-phase, and MTX, which induced G1-arrest, for further
analyses. Both drugs induced the accumulation of p53 and p21
followed by the inhibition of Bcl-2 and Bcl-XL
phosphorylation and cleavage of downstream caspase-3
(Figure 2A-C). When cells were pre-treated with caffeine,
which is known to prevent cell-cycle arrest by doxo as well as
the negative effect on cell death by VCR, the effects of VP-16
and MTX on cell-cycle arrest and on VCR-induced apoptosis
were abrogated (Figure 2D and data not shown) (5, 6).

Therefore, anthracyclines are not the only class of
cytostatic drugs which inhibit the cytotoxic activity of vinca
alkaloids. We witnessed the identical inhibition of vinca
alkaloid cytotoxicity when VCR was combined with other
cytostatic drugs and for the cell-cycle arrest in G1 or G2. The
identical signal transduction steps of VCR were inhibited, as
has been described for the combination of anthracyclines
with vinca alkaloids before. 

The negative effects of cytostatic drugs on vincristine-induced
apoptosis depends on the distinct activation of the DNA
damage response. We recently described that the inhibitory
effect of doxo on VCR depended on the activation of p53
independently of the status of p53 (5, 6). Presently, we aimed
to clarify the precise involvement of the signal transduction
proteins of the DNA damage response. The former studies for
anthracyclines and vinca alkaloids on SHEP cells with wild-
type p53 status (30) were extended to VP-16 (G2-arrest) and
MTX (G1-arrest) and to further critical regulators of the DNA
damage response. Calu-6 cells which contain mutant p53 (30)
were studied in addition to SHEP cells to exclude that the
phenotype is restricted just to one cell line and to p53 in wild-
type status (Figures 6 and 7). 

In Figure 2, the accumulation of p53 was detected after
stimulation with doxo, VP-16 and MTX. To verify the central
relevance of p53 for the negative impact of VP-16 and MTX
on VCR, the experimental setting of RNA interference
against p53 was used as before (5, 6). As for doxo, the
inhibitory effects of VP-16 and MTX on VCR depended
greatly on the presence of p53 (Figure 3A). Downstream of
p53, p21 is a critical regulatory step involved in the DNA
damage response and cell-cycle arrest (13, 31). As for p53,
the stable knockdown of p21 markedly reduced the negative
effects of all three cytostatic drugs on VCR-induced cell
death (Figure 3B). 

Upstream of p53 and downstream of the initiation of the
DNA damage response by ATM and ATR, Chk1 has been
described as a central signal transduction protein (13, 32).
Using the identical setting and the stable knockdown of
Chk1, the negative effects of the cytostatic drugs doxo, VP-
16 and MTX on VCR clearly depended on Chk1 (Figure
4A). Lastly, the initial signal transduction step of the DNA
damage response was evaluated: RNA interference against
the proximal transducers of the DNA damage response ATM
or ATR and the simultaneous knockdown were implemented
to specify the role of the two members of the PI3K-like
kinase family (13, 32). While neither the knockdown of
ATM nor ATR alone affected the negative effects of doxo,
VP-16 or MTX on VCR-induced apoptosis, the
simultaneous knockdown of ATM-plus-ATR restored the
cell death-inducing capacity of VCR in the presence of doxo
and VP-16, while the inhibitory effect of MTX persisted
(Figure 4B-D).
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Figure 4. Upstream signal transduction is mediated by ATM/ATR and
Chk1. (A) Parental SHEP cells and cells stably-transfected with shRNA
against Chk1 were stimulated as in Figure 3A. (B-D) Parental SHEP cells
and cells stably-transfected with shRNA against ATM and/or ATR were
stimulated with doxo (B), VP-16 (C) or MTX (D) plus VCR as in Figure
1A. (E) Summary of the data presented in Figures 1-4: The negative effects
of the cytostatic drugs doxo or VP-16 on vinca alkaloid-induced apoptosis
is mediated by the distinct activation of proteins of the DNA damage
response with ATM and ATR as the critical step of pathway activation.
MTX by-passes ATM/ATR and directly acts on Chk-1. Downstream
signaling converges upstream of Bcl-2 member phosphorylation with vinca
alkaloid activity which is prevented as caspase cleavage and cell death by
all cytostatic drugs tested. Drug concentrations, measurement of apoptosis,
western blot, presentation of data, and statistical analysis were performed
as described in Figures 1A and 2A.



The presented results show that the negative action of
cytostatic drugs on VCR converges on a common pathways
involving Chk1, p53 and p21, which inhibits the
phosphorylation of Bcl-2 family members and the execution
of downstream apoptosis signaling events. The upstream
transduction of the signal initiation depended on ATM-plus-
ATR for doxo and VP-16, while MTX relied on a different
signal transduction pathway which is probably due to its
different mode of action (Figure 4E) (19). 

Discussion

The presented data advance our recent results that
anthracyclines counteract the cytotoxic activity of vinca
alkaloids (5, 6). Here we demonstrate that all cytostatic
drugs tested and cytostatic drugs of different classes of
anti-cancer agents inhibit the effects of vinca alkaloids in
tumor cell lines and primary tumor samples, although these
drugs are frequently combined with vinca alkaloids in
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Figure 5. Negative effects of cytostatic drugs on vinca alkaloid-induced cell death in tumor cell lines of different origin (A-D). Calu-6 (A) and A549
(B) lung cancer, A498 renal cancer (C) and HCT116 expressing wildtype p53 colon cancer (D) cells were stimulated as in Figure 1A (E-H) 12
different primary samples from children diagnosed with acute leukemia (for details of patients characteristics see Table I) were subjected to in vitro
stimulation before the onset of therapy and analyzed using the Fractional Product method as described recently (5, 6, 29). Cells were simultaneously
stimulated with doxo (E; 100ng/ml), cyclo (F; 1μM), MTX (G; 30μM) or VP-16 (H; 1μM) and VCR (300 ng/ml) and measured 48 h later, if
spontaneous apoptosis had reached 40%, otherwise after 72 h using forward-side scatter analysis. FP-values are separated by antagonism (black
bars), unchanged cell death (grey bars) and synergism (white bars) of the combinatorial application. Drug concentrations, measurement of apoptosis,
presentation of data, and statistical analysis were performed as in Figure 1. *p<0.05, ANOVA. NS=not significant.

Table I. Patient characteristics for leukemia samples.

Sample Isolated from Type of leukemia Age (years) Gender State of disease Cytogenetic characteristics

ALL-50 PB pre-B-ALL 7 f ID n.a.
ALL-168 BM pre-B-ALL 5 f ID der(19)t(1;19)(q23;p13)
ALL-4S PB T-ALL 4 m ID t(11;14);(p32;q11)
ALL-5S BM pre-B-ALL 5 f ID hyperdiploid
ALL-7S PB pre-B-ALL 0 m ID t(2;15)(p13;q15)
ALL-174 BM T-ALL 11 m ID none
ALL-51 PB pre-B-ALL 2 m ID TEL/AML1
ALL-179 BM pre-B-ALL 7 f R del9p
ALL-177 BM pre-B-ALL 8 f ID TEL/AML1; del12p
ALL-184 BM pre-B-ALL 13 m ID n.a.
ALL-194 PB pre-B-ALL 14 f ID t(4;11)
ALL-197 BM pre-B-ALL 2 f ID n.a.

PB, Peripheral blood; BM, bone marrow; (pre-)B-ALL, (precursor); B-cell acute lymphoblastic leukemia; T-ALL, T-cell acute lymphoblastic
leukemia; f, female; m, male; ID, initial diagnosis; R, relapse; n.a. No data available.
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Figure 6. The negative effect depends on p53 and p21. A, B: Parental Calu-6 cells and cells stably-transfected with shRNA against p53 (A) or shRNA
against p21 (B) were stimulated as in Figure 3. Drug concentrations, measurement of apoptosis, western Blot, presentation of data, and statistical
analysis were performed as described in Figure 3.



current poly-chemotherapy protocols. As an underlying
signaling mechanism and in addition to our previously
published results on the role on cell cycle and p53, four
further critical signaling molecules within the DNA damage
response were identified and molecularly-characterized:
Chk-1, p53 and p21 which are common for all drugs; ATM
plus ATR representing the upstream initial signaling step of
the DNA damage response implicated by all drugs except
for MTX.

For many cytostatic drugs including doxo, VP-16 and
MTX, a magnitude of different anti-tumor actions has been

described (19-22, 33). One of the primary actions is cell-cycle
arrest and inhibition of further outgrowth of tumor cells.
Unfortunately, tumor cells are able to escape, cell-cycle arrest
leading to further tumor progression (34, 35). During recent
years, several studies favored the inhibition of cytostatic
action of chemotherapeutic drugs and enabled for the direct
cytotoxic activity by the modulation of the DNA damage
response (36, 37). Our data clearly implement, that this
therapeutic strategy can be of importance not only for the
optimization of the therapeutic efficiency of single agents but
also for combinations of drugs. 
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Figure 7. Upstream signal transduction is mediated by ATM/ATR and Chk1. A: Parental Calu-6 cells and cells stably-transfected with shRNA Chk-
1 were stimulated as in Figure 4A. B-D: Parental Calu-6 cells and cells stably-transfected with shRNA against ATM and/or ATR were stimulated as
in Figure 4B-D. Drug concentrations, measurement of apoptosis, western Blot, presentation of data, and statistical analysis were performed as
described in Figure 4.



The complexity of the signaling network of p53 is only
partially resolved and the negative action of this tumor
suppressor beneath other members of the DNA damage
response like Chk1 and p21 is coming into focus of current
research (13, 31, 32). Previous work of ours has contributed to
the understanding of the signaling complexity of p53, as we
were able to demonstrate that depending on the drugs and the
experimental context, different intracellular signaling proteins
are regulated (5, 6, 26-28, 38). The data presented here
underline that the activation of p53 is not only pro-apoptotic,
but can result in the opposite for single-agent and
combinatorial treatment approaches. In line with our own and
others’ data, we show that the p53 status of the cell is not
always the main factor influencing the pro- or anti-apoptotic
activity of chemotherapeutic drugs, but rather the overall
context and the drugs applied (5, 6, 26-28, 30, 38, 39). The
impact of p53 accumulation after single-agent or drug
combination therapy seems to be critical, but the impact on
therapeutic efficiency should be re-evaluated individually. With
respect to previous results and data presented here, the identical
approach of Chk1 and p21 appears promising (13, 16, 17).

One important focus of current research is the successful
introduction of targeted-therapeutic approaches which are limited
to specific tumor patients and tumor disease entities.
Simultaneously, the considerations which influence the inclusion
of new cytotoxic drugs into future polychemotherapy regimes
include the improvement of the quality of patient’s life by the
reduction of side-effects. Within the main foci of research, we
suggest to add the re-evaluation of chemotherapeutic regimens
currently used for the treatment of cancer. Studies should aim at
identifying novel drug combinations, where the promotion of
cell-cycle progression promotes the therapeutic efficiency of the
second agent. The broad and thorough evaluation of currently-
applied combinations of cytostatic and cytotoxic agents will
unravel whether the presented concept is generally applicable
and whether inhibition of Chk1, p53 and p21 is beneficial for all
combinations of cytostatic and cytotoxic drugs. 

The characterization of the underlying molecular signal
transduction network delivers a molecular understanding on
how cytostatic drugs interfere with the cell death-inducing
capacity of vinca alkaloids. The presented data encourage for
further evaluation of the beneficial effects of inhibitors of
Chk1, p53 and p21, as we have performed for p53 and the
combination of anthracyclines and vinca alkaloids before (5,
6). The selection of drug combinations based on the molecular
understanding and their translation into clinical trials might
improve for the efficacy of poly-chemotherapy and ultimately
the prognosis and cure rate of patients with cancer.
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