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Purpose. Our previous study confirmed that heparin–deoxycholic acid conjugate (HD) had a potent

antiangiogenic effect and safety to use for long-term treatment. Herein, the combined therapeutic effect

of HD and doxorubicin (DOX) was evaluated against squamous cell carcinoma (SCC7) and B16F10

melanoma.

Methods. The inhibitory effect of cell proliferation and cellular uptake of HD was studied in SCC7 and

B16F10. The combination effects of HD and DOX were evaluated by measuring cytotoxicity and

apoptosis as well as tumor growth and apoptosis in vivo against SCC7 and B16F10 tumor-bearing mice.

Results. HD displayed potent inhibitory effect on SCC7 and B16F10 cell proliferation, but it showed a

low cytotoxic effect. Concurrent treatment of HD and DOX displayed enhanced cytotoxic effects and

apoptosis on SCC7 and B16F10. The cellular uptake of HD and DOX was affected by the collective

cytotoxic effects of these two drugs: each drug suppressed the tumor growth, and their combined

treatment enhanced apoptosis and collectively inhibited the tumor growth of SCC7 and B16F10 in vivo.

Conclusion. These results demonstrated that HD with cytostatic and antiangiogenetic activities,

enhanced the antitumor activity of DOX against SCC7 and B16F10, and the combined treatment of

these two drugs might have enhanced therapeutic efficacy.
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INTRODUCTION

Heparin is a highly sulfated natural polysaccharide,
which is mainly comprised of alternating units of sulfated
glucuronic acid and glucosamine derivatives (1). Heparin, a
widely used anticoagulant, is administered to prevent deep
vein thrombosis (DVT) and pulmonary embolism (PE) in
high-risk patients (2,3). It has been reported that heparin
inhibits tumor growth and angiogenesis, because it can
modulate the binding of angiogenic growth factors (i.e.

VEGF and bFGF) and cytokines, and regulates various
enzymatic activities (4–6). In addition, it has been known
that heparin attenuatesmetastasis by blocking selectin-mediated
intercellular interactions, for instance, tumor-platelet and
tumor-endothelial cells (7–10). Recently, heparin was demon-
strated to inhibit the proliferation of smooth muscle cells and
hepatoma cells (11–14). It can also induce apoptosis in human
peripheral neutrophils (15) and lymphoblasts (16) and naso-
pharyngeal carcinoma CNE2 cells (17).

Heparin has a variety of excellent biological effects;
however, the use of heparin is strictly limited at high dosages
and for extended periods of time because of its strong
anticoagulant activity. Heparin-induced side effects in clinics
include hemorrhages, HIT (heparin-induced thrombocytope-
nia), and osteoporosis (18,19). To overcome the side effects
induced by high dose or long-term heparin treatment,
carboxyl-reduced heparin, N-O-desulphated/N-resulphated
heparin, N-desulphated/N-reacetylated heparin (20), hepa-
rin–steroid conjugate (21), heparin-carrying polystyrene (22),
and neoheparin (23) have been developed. These chemically
modified heparin derivatives reduced the risk of hemorrhage
and prevented metastasis, angiogenesis, tumor growth or
cancer cell proliferations. However, high dosages (above
40 mg kgj1 dayj1) are required to achieve an antitumor
effect.

In the previous studies, we prepared heparin–deoxycholic
acid conjugate (HD) that was found to be safe with respect to
long-term treatment in a mouse model (24,25). This heparin
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derivative effectively prevented the cell proliferation of
SCC7 and human umbilical endothelial cells (HUVECs)
(25), and it suppressed angiogenesis, thereby inhibiting the
tumor growth in the SCC7 mouse model (26). Therefore, HD
with antiproliferative and antiangiogenic effects against
tumor and endothelial cells might be more suitable for
cancer treatment, compared to the previously reported
heparin derivatives.

However, cytostatic and antiangiogenic drugs should be
required for long-term treatment compared to cytotoxic drugs.
It is also possible that their use for long periods can cause
problems because genetically abnormal tumor cells or tumor
endothelial cells become drug resistant (27). Also, recently,
many clinical studies have been performed to evaluate the
combination effect of cytotoxic drugs and molecular targeted
cytostatic or antiangiogenic drugs. In this study, we evaluated
the combination effects of HD and DOX on cytotoxicity and
induction of apoptosis as well as the regression of subcuta-
neously implanted SCC7 and B16F10 tumors. Also, we
evaluated the inhibition effect of HD and DOX on the
tumor growth of SCC7 and B16F10 in the mouse model.

MATERIALS AND METHODS

Chemicals

Unfractionated heparin (UFH, 167 IU/mg) of average
molecular weight, ca 12,000 Dalton, was purchased from Pharma-
cia Hepar Co. (Franklin, OH). HD was prepared by reacting
heparin with the bile acid analogue,N-deoxycholylethylamine, as
previously described (25,26). Dimethyl sulfoxide (DMSO),
doxorubicin (DOX), fluorescein isothiocyanate (FITC), Triton
X-100, trypsin-EDTA solution, and propidium iodide were
obtained from SigmaChemical Co. (St. Louis, MO). All reagents
were of analytical grades and used without further purification.

Cell Proliferation and Cytotoxicity Assays

Squamous cell carcinoma (SCC7) and B16F10 melanoma
were obtained from American Type Culture Collection
(Rockville, MD). Cells were cultured in RPMI 1640 medium
(Gibco, Grand Island, NY) containing 10% FBS and 1%
penicillin–streptomycin at 37-C in a humidified 5% CO2–95%
air atmosphere.

In the proliferation assay, cells were plated into 12-well
culture plates at a density of 2� 104 cells/well, and allowed to
attach overnight. On the following day, cells (confluency of 60
to 70%) were treated with HD at different concentrations (5,
10, 50, 100 mg/ml). After 24 h, cells were harvested, stained
with trypan blue and the cell number was counted using a
hematocytometer. Growth inhibition was calculated as follows:

%inhibition ¼ 1� net cell number in presence of HD

net cell number in control

� �� �

The cytotoxic effects of HD in the presence of DOX
were assayed by MTT colorimetric assay. Cells were seeded
at a density of 5� 103 cells/well in 96-well flat-bottomed
plates for 24 h. Cells (confluency of nearly 80%) were washed
twice with PBS and incubated with various concentrations of
HD (5, 10, 50, 100 mg/ml) in the presence of DOX (0.5 mg/ml)

for 24 h at 37-C. The concentration of DOX at 0.5 mg/ml was
chosen because this concentration had much lower IC50

values of DOX [IC50 values of DOX against SCC7 and
B16F10 cells were 2.6 mM (28) and approximately 0.41õ1.03
mM (29,30), respectively] and also showed minor or moderate
cytotoxic effects against SCC7 and B16F10 cells. The cells
were washed twice with PBS to eliminate the remaining
drugs and the fresh culture medium was added. MTT solution
(20 ml, 5 mg/ml in PBS) was then added to each well and the
cells were incubated further for 4 h at 37-C. The media were
removed and the cells were dissolved in DMSO. Ultraviolet
absorbance at 570 nm was measured with a microplate reader
(VERSAmaxi, Molecular Devices Corp., Sunnyvale, CA).
The data were expressed as the percentage of viable cells
compared to the control group.

Cellular Uptake of FITC-Labeled Heparin–DOCA

Cells were seeded at a density of 1� 104 cells/well in an
eight-well chamber slide and kept overnight. The cells were
treated with FITC-labeled heparin (500 mg/ml), FITC- HD
(500 mg/ml) and DOX (0.5 mg/ml), respectively. After
incubation in 10% serum medium for 12 h, respectively, the
cells were washed with cold PBS three times and fixed in 1%
paraformaldehyde solution for 1 h at 4-C. The slides were
covered with a mounting medium (SuperMountR, InnoGenex)
and images were taken with a confocal laser scanning
microscopy (CLSM 510, CARL-ZEISS). The fluorescence
images were observed in two channels: green (expressing
FITC-HD; excitation 490 nm, emission 520 nm) and red
(expressing DOX; excitation 570 nm, emission 590 nm).

Apoptosis Assay

Cells were seeded at a density of 2� 104 cells/well in 24-
well plates and allowed to attach on plates. HD (100 mg/ml)
was treated to cells with or without DOX (0.5 mg/ml). After
24 h, cells were washed with fresh culture medium four times
to remove treated drugs and fixed in 1% paraformaldehyde.
To detect apoptosis by changes in the nuclear morphology
of cells, cells were stained with the fluorescent DNA dye
4¶,6-diamidine-2¶-phenylindol dihydrochloride (DAPI)
(Calbiochem, San Diego, CA) solution for 10 min. Following
washing with PBS, the nuclear morphological changes of cells
were evaluated by fluorescence microscope.

Flow cytometry was used to quantify apoptotic cells as
previously reported (31). Cells (3� 105 cells/well) were
treated with HD (100 mg/ml) with or without DOX (0.5 mg/
ml) for 24 h, and then trypsinized, washed with PBS twice
and kept in 70% ethanol overnight j4-C. Propidium iodide/
RNase was added, cells were incubated for 30 min at room
temperature and then were analyzed by flow cytometry
(Becton Dickinson, Franklin Lakes, NJ). The data were
plotted on FL2-H histograms and the sub-diploid cells were
counted and designated as apoptosis.

Combination Therapy of HD and Doxorubicin against SCC7
and B16F10

Male C3H/HeN and C57BL/6 mice (7 weeks old,
Charles River Laboratories Inc.) were given dorsal subcuta-
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neous injections of 1� 106 cells/mouse. Care and maintenance
of animals were done in adherence to Institutional guidelines
of the Institutional Animal Care and Use Committee
(IACUC). When tumors reached 50 to 100 mm3, the mice
were given intravenous injections of 100 ml of saline
containing HD (5 mg/kg/3 day) and DOX (5 mg/kg/6 day).
Tumors were measured daily with calipers. On the tenth day,
mice were sacrificed and tumors were removed. Treatment
groups contained six to seven mice. Tumor tissues were
isolated from three representative treated and untreated
tumor-bearing mice Tumor tissues were isolated from three
representative treated and untreated tumor-bearing mice.
To evaluate apoptosis in vivo, terminal deoxynucleotidyl
transferase biotin-dUTP nick end labeling (TUNEL) assay
was performed on paraffin-embedded sections by using the
ApopTag\peroxidase in situ apoptosis detection kit
(Chemicon, CA).

Statistics

The statistical significance of differences between exper-
imental and control groups was determined using one-way
ANOVA. P values < 0.05 were considered significant and are
indicated in figures by asterisks.

RESULTS

Synthesis and Characterization of HD

The synthesis and characterization of HD were carried
out as previously reported (24,25). Briefly, a primary amine
group was introduced to DOCA using ethylenediamine and
then followed by chemical coupling reaction with heparin.
The produced HD confirmed that the amide linkages
between heparin and DOCA were formed at the wavelength
of 1,665 cmj1 in FT-IR spectra. On the other hand, though it
had no absorption in FT-IR spectra for heparin, the peak
near the wavelength of 2,360 cmj1 represents the stretching
vibration of intrinsic sulfonamide (–NHSO3) in heparin. The
presence of DOCA in heparin was confirmed by the
characteristic peaks of bile acid appearing at 0.65õ2.3 ppm.
The new amide linkages between heparin and DOCA and
the intrinsic sulfonamide in heparin appeared at 8.04 and
5.3 ppm in the 1H-NMR spectra, respectively. The degree of
substitution (DS) of DOCA to heparin controlled by the feed
mole ratio of DOCA–NH2 was calculated by measuring the
remaining carboxylic groups in HD conjugates using the
titration method. The average molecular weight of HD
conjugates was 16,990, based on the calculation from the
degree of substitution (DS, 11.1) that indicates the number of
deoxycholic acids per heparin (25). Throughout the
modification of heparin_s carboxyl groups with DOCA–
NH2, the anticoagulant activity of HD conjugates was
decreased up to 23% compared to that of the native heparin
because the carboxyl groups of heparin play an important role
in anticoagulant activity. After chemical modification of
heparin with DOCA–NH2, the negative charge of HD
conjugates was j55.9 mV, and much lower than that of
heparin (j75õj100 mV).

Antiproliferative Effect and Cytotoxicity of HD

To determine the antiproliferative effect of HD, we used
various concentrations of HD for 48 h, and counted the
number of growing cells. The antiproliferative effect of HD
against SCC7 and B16F10 was assessed by the decreased
number of growing cells compared to the number of growing
cells in the control (no-treatment) group. We found that the
inhibitive effect on the cell proliferation of SCC7 and B16F10
was increased by increasing the concentration of HD. We
found that HD exhibited slightly greater antiproliferative
effect on B16F10 than on SCC7, although there were no statis-
tical differences between two cell lines. As shown in Fig. 1a,
HD at 100 mg/ml inhibited cell proliferation of SCC7 and
B16F10 by 27.6 and 30.6%, respectively.

The cytotoxic effect of HD against SCC7 and B16F10 cells
was evaluated by a MTT colorimetric assay. HD at 100 mg/ml
slightly decreased cell viability in the two cell lines, compared
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Fig. 1. Cell proliferation and cytotoxic effects. a Antiprolifer-

ative effect of HD on squamous cell carcinoma (SCC7, h) and
B16F10 melanoma cells (Ì) at 24 h. Data are presented as

meansTSE (n=3). b Cytotoxic effect of HD at different

concentrations with doxorubicin (0.5 mg/ml) on SCC7 (h)
and B16F10 (Ì). Data are presented as meansTSD (n=6õ8).

(**P<0.01, and *P<0.05 versus control).
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to the control (Fig. 1b), indicating that HD was not cytotoxic
against SCC7 and B16F10 cells. DOX decreased cell
viabilities by 18.0 and 39.4% in SCC7 and B16F10, respec-
tively, compared to the control group.WhenHD (at 100 mg/ml)
and DOX (at 0.5 mg/ml) were concurrently treated, the cell
viabilities were significantly decreased by 40.5 and 83.5% in
SCC7 andB16F10, respectively. From theMTT results, the IC50

of the combined modality against SCC7 was above 0.5 mg/ml
of DOX and 100 mg/ml of HD, whereas IC50 of the combined
modality against B16F10 melanoma was nearly 0.5 mg/ml of
DOX and 7.3 mg/ml of HD. From these results, HD conjugate
reduced cell growth by proliferative inhibition, rather than by
the induction of cell death, and therefore, the combined
treatment using these two drugs was significantly effective in
increasing cytotoxicity against SCC7 and B16F10.

Cellular Uptake of FITC-Labeled HD In Vitro

Cellular uptake of DOX, FITC-heparin and FITC-HD
in SCC7 and B16F10 were evaluated by using confocal laser
scanning microscopy (CLSM). As shown in Fig. 2, most of
DOX was localized in nuclei of two tumor cells. Cellular
uptake of DOX in B16F10 was much higher than that in
SCC7 at 12 h, and thus it was likely that DOX was more
cytotoxic and sensitive against B16F10 than against SCC7
due to higher cellular uptake. FITC-heparin was hardly taken
up, whereas FITC-HD was highly taken up in both SCC7 and
B16F10 cells at 12 h. Unlike DOX, FITC-HD was mostly
distributed into cytoplasm in both SCC7 and B16F10 cells. In

addition, the cellular uptake of FITC-HD in both SCC7 and
B16F10 was almost similar.

Apoptosis and Flow Cytometric Analysis

The effect of HD on apoptosis was evident by DAPI
staining of cell nuclei. Cell shrinkage, condensed or frag-
mented nuclei represent cells undergoing apoptosis. In Fig. 3,
in the control and in HD treated cells, condensed and
fragmented nuclei of cells were not observed, indicating that
HD alone dose not induce apoptosis. However, condensed
and fragmented nuclei were observed in SCC7 and B16F10 at
24 h after the treatment of DOX. The combined treatment of
HD and DOX showed potent induction of apoptosis. In
addition, more apoptotic cells were observed in B16F10 cells
treated with HD and DOX rather than in SCC7. Apoptosis
induction by HD with or without DOX was determined by
flow cytometry. As shown in Fig. 4a and b, HD did not
induce apoptosis against two cell lines (less than 5%).
Inductions of apoptosis by DOX were 14.4 T 3.4% on SCC7
and 30.3 T 4.6% on B16F10. The combined treatment of
DOX and HD significantly augmented apoptosis induction in
both SCC7 (24.5%) and B16F10 (64.0%), and apoptosis
induction was increased by 1.7-fold in SCC7 cells and 2.1-fold
in B16F10 cells when compared to the cells treated by DOX.
The combination therapy using HD and DOX clearly showed
enhanced cytotoxicity and apoptosis induction against SCC7
and B16F10 cells compared to when either one of HD or
DOX treatments was used alone.

Fig. 2. Cellular uptake of DOX, FITC-heparin and FITC-HD on SCC7 and B16F10 by confocal laser scanning microscopy (CLSM).
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Fig. 3. Detection of apoptosis by DAPI stain in (a–d) SCC7 and (e–h) B16F10 melanoma. a and e Control; b and f HD (100 mg/ml); c and g

DOX (0.5 mg/ml) and d and h HD (100 mg/ml) + DOX (0.5 mg/ml) at 24 h. Arrows represent the condensed or fragmented nuclei of cells.
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Antitumor Effects of HD and Doxorubicin on SCC7
and B16F10 Tumor Models

Both treatments using either HD (5 mg/kg/3 day) or
DOX (5 mg/kg/6 day) alone inhibited the tumor growth in
SCC and B16F10 implanted mice. However, HD alone
suppressed tumor volumes by 54.0% on SCC7 and by
51.6% on B16F10 cells (at day 10), whereas DOX alone
inhibited tumor volumes by 72.4% on SCC7 and by 80.8% on
B16F10 (P< 0.001 vs control) at day 10. The combined
treatment was more effective than the respective single
treatments [tumor volume of the control at day 10, 13.0%
on SCC7 (p < 0.001 vs control) and 5.1% on B16F10
(p< 0.001 vs control)] (Fig. 5a and b. Comparison among
treated groups showed that the combined treatment of HD
and DOX against SCC7 and B16F10 tumors showed statis-
tically improved antitumor effect, respectively.

Apoptotic cells were rarely detectable in the control and
HD treated groups, whereas apoptotic tumor cell nuclei
(brown color) were clearly detected in DOX-treated SCC7
and B16F10 tumor tissues, as shown in Fig. 6. Furthermore,
more apoptotic cells were found in tumor tissues treated
concurrently with HD and DOX. These results demonstrated

that the concurrent treatment of HD with DOX provides
potent anti-tumor effects in SCC7 and in the B16F10
implanted murine model.

DISCUSSION

In the previous studies, we have developed HD with low
anti-coagulant activity, and demonstrated that it had antiproli-
ferative effect against endothelial cells and that it could be used
as an angiogenesis inhibitor for cancer therapy because HD
could inhibit bFGF-induced angiogenesis by interfering with
the biological activities of bFGF. These pleiotropic activities of
HD resulted in the significant antitumor effects. When HDwas
used with DOX in this study, it enhanced the antitumoral effect
of DOX by enhancing cytotoxicity and apoptosis induction in
SCC7 and B16F10 in vivo models.

We had already demonstrated that HD showed an
inhibition effect on endothelial cell proliferation, and that it
was more effective than heparin. In the present study, we
demonstrated the antiproliferative effect of HD against
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Fig. 6. In vivo TUNEL assay against s.c. induced (a–d) SCC7 and (e–h) B16F10 tumors. Brown color indicates apoptotic cells in tumors.
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SCC7 and B16F10 by showing that the number of growing
tumor cells was significantly decreased when the concentra-
tion of HD is increased. As confirmed in our previous study,
HD exhibited more potent antiproliferative effect against
endothelial cells and SCC7 cells. Compared to heparin, it
expected that more potent antiproliferative effect of HD is
correlated with its internalization into tumor cells. Indeed,
we observed that FITC-labeledHDwas highly internalized, and
mostly distributed into the cytoplasms of two tumor cells,
whereas FITC-heparin was hardly taken-up by cells. Their
different physicochemical properties offer different cellular
uptake capacity, thus affecting cell proliferation. There are
several articles to show that the internalized heparin could
affect cellular processes such as cell proliferation inhibition. The
internalized heparin inhibits cell proliferation by inhibiting
other important transcription factors including c-myb, Oct-1,
c-Jun/c-Fos/AP-1 transactivation, which presumably play a role
in cell proliferation (32–34). Based on these facts, we conclude
that the internalized heparin–DOCA alone may interact with
nuclear proteins, and alter the activities of transcription
factors, thereby suppressing cell proliferation.

Due to the highly negative charge powered by many
sulfates and carboxyl groups, heparin is scarcely taken up by
cells through cell membranes. As previously reported, more
anionic biopolymers do not enable internalization through the
negatively charged cell membrane (35). However, the HD
conjugate has much lower negative charge than heparin, and it
showed amphiphilicity due to the presence of a hydrophobic
moiety such as DOCA analogue. The increased amphiphilicity
of HD conjugate might have improved the permeability via
passive diffusion across the cell membranes (36). In addition,
HD conjugate formed self-assembled nanoparticles, which
may alter non-specific interactions with the cell surface making
it more likely to be taken up by endocytotic process compared
to heparin. As a result, the amphiphilic features of HD seem
to be important for cellular internalization, and thus for
determining cell proliferation inhibition.

We performed the combination therapy using HD as a
cytostatic agent and DOX as a cytotoxic drug against SCC7
and B16F10 tumors. HD as a cytostatic drug revealed its
potent inhibition effect on the proliferation of tumor cells
and tumor growth in vivo, but did not appear cytotoxic nor
did it induce apoptosis in vitro and in vivo, indicating that
long-term treatment is periodically required to obtain anti-
tumor effects by HD. DOX, on the other hand, being a
cytotoxic drug, exerted cytotoxic effects, and induced apo-
ptosis in vitro and in vivo, and significant tumor growth
inhibition. When they were combined together, the signifi-
cantly enhanced therapeutic effects included increased cyto-
toxicity, apoptosis induction, thus resulting in tumor
suppression against SCC7 and B16F10 tumors. These results
suggest that the combination therapy of HD and DOX
significantly enhanced their respective therapeutic efficacies.

In the combination therapy of HD and DOX, herein,
therapeutic effects are more effective against B16F10 cells
than against SCC7 cells. This difference in therapeutic effects
might be mainly due to the difference in the cellular uptake
of DOX into tumor cells. As seen in the above result, HD
exhibited similar cellular uptake, and thus exerted antiprolif-
erative and antitumoral effects against SCC7 and B16F10
tumors, suggesting that HD might not be the main drug for

determining therapeutic effects in the combination therapy.
However, the cellular internalization of DOX is much higher
in B16F10 cells than that in SCC7 cells, implying that DOX
has much higher sensitivity to B16F10 than to SCC7.
According to the previous reports, IC50 values of free DOX
against B16F10 and SCC7 cells were 0.41õ1.03 mM (29,30)
and 2.6 mM (28), respectively, implying that DOX showed
more drug resistance against SCC7 than B16F10 cells. Thus,
the combination therapy against B16F10 tumors leads to
higher cytotoxicity, apoptosis induction in vitro and in vivo,
and finally shows superior antitumoral effects on SCC7.
Taking these results into consideration, it can be said that
the internalization of anticancer drugs such as DOX against
tumor cells may also play a pivotal aspect in determining
therapeutic effects in combination therapy. In the present
study, it is thought that the main reason for the enhanced
therapeutic effects of the combination therapy is because of
the increased apoptosis induction in vitro and in vivo against
two tumors, although the antiproliferative and antiangiogenic
effects of HD could affect tumor growth inhibition. It will be
anticipated that these two drugs can provoke the enhanced
therapeutic efficacy by over-expressing the apoptotic proteins
such as p53 and p21, and by elevating the ratio of Bax/Bcl-2.
The apoptotic mechanism of p53 and p21 proteins will be
studied as further work.

In the clinic, combining multiple agents of antiangio-
genic and cytotoxic anticancer drugs has been shown to give
an additive effect, and these approaches could decrease the
chance of resistance to the chemotherapy regimen. In the
present study, we contend that HD with low anti-coagulant
activity has an advantage over the combination chemother-
apy because it has no risk of side effects compared to
heparin. It was confirmed that HD is free of associated
complications when treated at high doses (from 1 to 20 mg/
kg/3 day) for nearly one month. After the treatment of HD
for extended time periods, we found that the level of platelets
remained in normal (25): this suggests that HD may not
induce such side effects as bleeding or thrombocypenia. In
addition, other parameters including ALT, AST, creatinine,
and BUN were normal, indicating that the liver and renal
functions were normal. Therefore, it means that HD is safe in
clinical application.

CONCLUSION

We report here that the concurrent treatment of HD and
DOX significantly enhances the antitumoral effect of DOX
against SCC7 and B16F10 tumors in murine mice models. We
found that when HD, which has antiproliferative effect
against SCC7 and B16F10 cells, was combined with DOX,
cellular toxicity and apoptosis induction were significantly
increased in tumor cells. Moreover, we report that the
improved antitumoral effects of DOX in vivo might be due
to the synergistically induced apoptosis.
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