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Co-delivery of Cell-permeable Chimeric Apoptosis AVPIRg

Peptide/p53 DNA for Cocktail Therapy

Huiyuan Wang, Qiangian Guo, Yifan Jiang, Ergang Liu, Yongxing Zhao, Huixin Wang,

Yaping Li,* and Yongzhuo Huang*

The tetra-peptide AVPI, derived from the Smac/DIABLO N-terminal epitope,
is able to trigger caspase activation and apoptotic process. However, its
clinical value is greatly hampered by the nature of membrane-impermeability.
Herein, the cell-penetrating chimeric apoptotic peptide of AVPIRg is syn-
thesized, of which the apoptosis-induced AVPI is strategically blended with
the cell-penetrating sequence of octaarginine (Rg). The dual-functionalized
AVPIR; is not only potent in inducing apoptosis in tumor cells due to the cell
penetration ability, but also is able to work as gene carrier for transfering the
tumor suppressor p53 DNA into cells, thus constructing a co-delivery drug
system (AVPIRg/p53). Such system efficiently promotes apoptosis in cancer
cells while sparing normal cells, and its antitumor activity is further signifi-
cantly enhanced in combination with doxorubicin as cocktail therapy. More
importantly, the anticancer efficacy of the cocktail is demonstrated to be able
to arrest tumor growth in two animal tumor models (melanoma and cervical
cancers), respectively. The chemotherapeutic dose in the AVPIRg/p53-based

Various pathways are involved in tumor
cells for limiting or inhibiting apoptosis;
the common ones are the overexpres-
sion of inhibitors of apoptosis proteins
(IAPs) and the malfunction of P53 tumor
suppressor.?l Therefore, targeting these
intrinsic apoptotic pathways by forcing
cancer cells to commit suicide is an
emerging anticancer therapy.®! Addition-
ally, to effectively induce apoptosis via
activating IAPs and p53 is an important
means for enhancing the sensitivity of
tumor cells to chemotherapy.¥
Mitochondrial release of the second
mitochondrial-derived activator of caspase
(Smac)/direct inhibitor of apoptosis pro-
tein-binding protein with low isoelectric
point (pI) (DIABLO) dimer is a general
feature of apoptosis.”! The Smac/DIABLO
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cocktail is significantly reduced by 80%, compared to the monotherapy of
doxorubicin. The present results show the promise of the co-delivered AVPIRz/
p53 as adjuvant therapy for boosting the conventional chemotherapeutics,
with a unique benefit of enhanced productive treatment outcomes yet greatly

reduced adverse toxicity.

1. Introduction

Apoptosis is a process of programmed cell death that is crucial
to maintain an organism’s life cycle in health. Defective apop-
tosis occur in many diseases; for instance, abnormal inhibi-
tion of apoptosis is a hallmark of cancer,!l in which the strictly
controlled apoptotic process is suppressed in tumor cells, thus
enabling them to escape the preset destiny of death and survive
even in harsh environments such as hypoxia and malnutrition.
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translocate into the cytosol in response to
apoptotic stimuli, and subsequently bind
to inhibitor of IAPs, thus lifting their
inhibitory effect on caspase activation and
apoptotic process.©!

Smac is a 239-amino-acid precursor. Its
N-terminal sequence is the active domain
for Smac function, and interestingly, a
mutation of the first amino acid at N-terminus can completely
deactivate the Smac.”! The apoptosis induced by chemothera-
peutics could be significantly enhanced by gene transfer of
Smac into cancer cells, via a mechanism of procaspase-3 activa-
tion.B) More specifically, a tetra-peptide of AVPI derived from
the N-terminal sequence of Smac has high binding affinity to
the X-linked IAP (XIAP), with a K4 value of 400 nm,'% sug-
gesting the therapeutic value of Smac AVPI. Despite of the
potency at molecular level, however, AVPI did not display effect
on tumor cells, owing to its cell-impermeable nature.['!

Herein, we constructed a cell-permeable chimeric Smac pep-
tide by fusion of Smac sequence (AVPI) with a cell-penetrating
polyarginine peptide (Rg) for cancer therapy. More importantly,
we hypothesized that such a chimeric Smac peptide not only
functioned as a potent proapoptotic agent, but also served as
a carrier for co-delivering the p53 tumor suppressor gene into
tumor cells, thereby composing combined therapeutics. Cock-
tail is believed to be a promising treatment that targets mul-
tiple biological and pathological processes critical for cancer
growth and metastasis.['?l Therefore, the feasibility of this drug
co-delivery system (AVPIRg/p53) as adjuvant therapy combined
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Scheme 1. Co-delivery of cell-permeable chimeric Smac peptide/p53
gene into tumor cells as a cocktail strategy with doxorubicin for cancer
therapy.

with doxorubicin (DOX) was also studied, and the cocktail
strategy is illustrated as Scheme 1. Our goal was to develop an
effective yet safe cocktail for cancer therapy.
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2. Results

2.1. Characterization

The nanoscale and compact complex (vector/gene) is favorable
for gene delivery. The particle sizes and zeta potentials of
AVPIRg/pDNA complexes at varying w/w ratios were meas-
ured. A typical trend was seen that with the increase of w/w
ratio, the particle size of complexes gradually decreased
(Figure 1A). Notably, a significant decline of size occurred
when the w/w ratio rose from 20 to 30, suggesting the forma-
tion of compact nanostructure. By contrast, the zeta potential
of complexes showed an increase trend with the elevating w/w
ratio due to the surplus of cationic AVPIRg. (Figure 2B) The
zeta potential turned positive when the w/w ratio of AVPIRg/
pDNA was higher than 20. The occurrence of the turning point
of zeta potential was in accordance with the change in particle
sizes. Therefore, the ratio of AVPIRg/pDNA was set at 30 for
the in vitro and in vivo studies.

The formation of the compact complexes was further con-
firmed by the transmission electron microscopy (TEM) imaging
(Figure 2C) and agarose gel electrophoresis (Figure 2D). Due to
the vacuumed condition for measure, the size shown in TEM is
smaller than the dynamic scattering light method (DSL) results.
The electrophoretic mobility of DNA was completely retarded at
the w/w ratio of 30, indicating the optimal ratio for the effective
binding and stable complexes of AVPIRg/pDNA.
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Figure 1. Characterization of the AVPIRg/p53 DNA nano complexes. A) particle size measurement by DLS; B) zeta potential; C) TEM image; and

D) Gel retardation assay.
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Figure 2. Cell growth inhibitory effect on A) the cell-impermeable AVPI and B) the cell-penetrating AVPIRs.

2.2. In Vitro Cytotoxicity

The N-terminal tetra-peptide (AVPI) of the mature Smac protein
has been demonstrated to be able to bind and inhibit XIAP.'¥
Nevertheless, there lacks either active or passive mechanism
for AVPI transporting across cell membrane, rendering it virtu-
ally no pharmacological effect on tumor cells. To overcome this
problem, intracellular delivery assisted by CPP was employed.
The cell-penetrating polyarginine peptide, such as Rg, has been
widely used to bind and condense nucleic acid drugs via charge
interaction, and shuttle the cargo genes into cells,’® and it is
highly biocompatible.®! Moreover, polyarginine as a drug can-
didate for treating vein graft, has been investigated in either
experimental animal models ['”! or clinical trials (ClinicalTrials.
gov Identifier: NCT00264706). Therefore, it is safe for bio-
medical application. We generated a chimeric Smac peptide via
solid-phase synthesis with a sequence of AVPIRg, in order to
enhance the cellular uptake and transgene efficiency. To inves-
tigate the cell permeability of AVPIRg, cytotoxicity studies were
conducted in Hela cells, B16 cells, and 293T cells. As expected,
there was no obvious toxicity of AVPI observed in all cell lines,
even at high concentrations up to 2 mg mL™, due to its cell-
impermeable nature (Figure 2A). AVPIRg, however, displayed
a cytotoxic effect on tumor cells at a dose-dependent fashion at
the test range. For example, the viability was shown 64% in B16
melanoma cells and 62% in Hela cells at a concentration of
0.8 mg mL™! of AVPIRy (Figure 3B). Interestingly, AVPIRg did
not affect the proliferation of the non-tumoral 293T cell line,
with cell viability greater than 95% at all the test concentrations.
Therefore, the feature of selective action on tumor cells indi-
cated the safety of AVPIR; for in vivo therapy.

2.3. In Vitro Transfection of AVPIRg/pDNA

The optimal ratio of AVPIRg/pDNA (30:1) was further con-
firmed by the in vitro transfection study. The luciferase expres-
sion efficiency was assessed in B16, HelLa, and 293T cells, using
pGL-3 plasmid as a reporter gene. The best outcomes of gene
transfection in all the test cell lines were achieved by using the
AVPIRg/pDNA ratio of 30 (Figure 3), and thus this ratio was
used for the following studies.

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

2.4. Tumor Cell Growth Inhibition of the Cocktail

The antitumor efficacy was investigated for the cocktail (triple)
therapy containing the apoptosis peptide, p53 tumor sup-
pressor gene, and chemotherapeutic agent DOX. The indi-
vidual use of the proapoptotic AVPIRg or p53 within the
selected dose range showed the ability of growth inhibition, but
the efficacy hardly met the treatment expectation, and neither
did the single use of DOX at the test concentrations (up to 0.8
ug mL™) (Figure 4). However, the combined use of AVPIRg
and DOX was significantly potent than the single use of DOX,
and the AVPIRg remarkably boosted the DOX-directed toxic
effect on tumor cells due to its apoptosis-induced function and
the sensitization effect. Further, the triple therapy (AVPIRg/
p53+DOX) displayed remarkable synergetic effects and the
strongest tumoricidal activity; the cell viability was measured
to be respectively 35.8% (with low DOX dose) and 18.8% (with
high DOX dose) in B16 cells, and 26.2% (with low DOX dose)
and 13.5% (with high DOX dose) in Hela cell line. The cock-
tail exhibited better outcomes than single use of DOX or any
dual combination. Tumor cell viability with the cocktail therapy
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Figure 3. In vitro gene transfection mediated by AVPIRg.
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Figure 4. Anticancer activity of the cocktail on A) B16 cell line and B) Hela cell line. The w/w ratio of the codelivery system of AVPIRg/p53 was set
30:1, and the AVPIRg dose was 0.3 mg mL™", while the DOX dose was 0.4 or 0.8 ug mL™".
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Figure 5. The apoptotic effect on non-tumoral 293T cells.

showed remarkably 2.5-fold lower than that of the single
DOX (18.8% vs 46.5%) in B16 cells, and a 3.3-fold decrease
in Hela cells (13.5% vs 44.8%). Most importantly, the cocktail
could greatly reduce the dose of chemotherapeutic agents. For
instance, tumor cells treated with the cocktail containing DOX
(0.4 ug mL™!) showed significantly lower viability compared to
those treated with high dose of DOX (0.8 ug mL™) alone, meas-
uring 35.8% versus 46.5% in B16 cells, and 26.2% versus 44.8%
in Hela cells. These results demonstrated the unique benefit of
greatly improved antitumor activity yet with half-reduced chem-
otherapeutic dose.

In contrast to the results from tumor cells, the cocktail con-
taining 0.4 ug mL™! of DOX showed significantly lower cyto-
toxicity than the high-dose DOX (0.8 pg mL™) in the non-
tumoral 293T cell line (Figure 5). It suggested that the tumor
cells were specifically sensitive to the cocktail compared to the
normal cells, and this selective action pattern potentially pro-
vided advantage of reduced adverse effects on healthy cells. As
evidence, the groups containing low-dose DOX (0.4 ug mL™)
all displayed considerable cell viability (>55%). For those
containing high-dose DOX (0.8 g mL™), the cell viability
still remained about 40% on non-tumoral 293T cells, and no

Adv. Funct. Mater. 2013, 23, 6068—6075
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significant difference in cytotoxicity was shown among the
groups with or without AVPIR8 and p53. It suggested that DOX
was the contributing factor to the toxicity on the non-tumoral
cells, further demonstrating the safety of the codelivery system
of AVPIRg/p53. This could be accounted for the targeting effect
on intrinsic apoptosis in tumor cells of the AVPI and p53 gene.

2.5. In Vivo Treatment Efficacy

The therapeutic efficacy of cocktail method was further evalu-
ated by monitoring tumor growth in two separate animal
tumor models (C57 mice bearing B16 melanoma and Balb/c-
nu nude mice harboring Hela cervical tumor). The cocktail-
treated groups displayed the best therapeutic outcomes in C57
mouse model. The melanoma tumor sizes after treatment were
330 mm? in the cocktail group containing 0.5 mg kg™! DOX,
and 185 mm? in the cocktail group containing 1 mg kg™! DOX
(Figure 6A), with tumor inhibition rate of 78.4% and 90.2%,
respectively (Figure 6B). By sharp contrast, the groups given
DOX alone showed the inhibition rate of 27.1% (0.5-mg group)
and 50.1% (1-mg group). The notable benefit of cocktail therapy
is the greatly reduced dose of DOX. For instance, the cocktail
containing DOX (0.5 mg kg™') surpassed the single use of high-
dose DOX (1 mg kg™!); the inhibition rate was 78.4% versus
50.1%. The findings agreed with the cellular results.

No significant difference in body weight changes was
observed in the cocktail-treated groups during the experimental
period (Figure 6C). It suggested that there was no identified
severe adverse toxicity caused by the cocktail method, but the
DOX (1 mg kg™!) group experienced the obvious loss of body
weight.

Furthermore, we investigated the efficacy of the cocktail
method on the transplanted humanized tumor mice. Echoed
with the results in C57 mice, the group treated by cocktail
(AVPIRg/p53+DOX) showed the strongest growth inhibition: the
tumor size was measured to be 118 mm? at experimental end-
point. By contrast, the tumor sizes were 1391 mm? in the con-
trol PBS group, 149 mm? in the DOX group (2.5 mg kg™! d7}),
518 mm? in the low-dose DOX group (1 mg kg! 2d7%), 255 mm?
in the [DOX+AVPIRg] group (Figure 7A,B). The inhibition
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Figure 6. The in vivo antitumor efficacy of the cocktail in C57 mice bearing melanoma. A) The tumor volume over the treatment regimen, B) the tumor
weight at the experimental endpoint and the inhibition rate of tumor growth, C) the change of the body weight over the regimen.

rate in the cocktail-treated group was 92.7%, surpassing the
single use of DOX (inhibition rate of 48.9% and 91.1% for
1 mg kg 2d7! and 2.5 mg kg d7!, respectively). The dual
combination therapy (AVPIRg+DOX 1mg, inhibition rate of
81.6%) also exhibited better than the single use of DOX (1 mg)
(Figure 7C). Although the single use of DOX (2.5 mg kg d7})
reached a remarkable inhibition rate almost as high as the cock-
tail containing DOX (1 mg kg™! 2d7!), the DOX dose in the
former group was five-fold higher than that in the latter group.
In addition, the animals receiving DOX (2.5 mg kg™! d"!) alone
were found suffering from debilitation and significant weight
loss, and none survived at day 21 due to the severe side toxicity,
whereas the cocktail-treated mice were not observed to have
noticeable adverse effects and body weight change (Figure 7D).
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3. Discussion

Despite advances in chemotherapy, the five-year survival rate
of cancer still remains desperately low, due to the severe toxic
side effects and multidrug resistance (MDR).'® Apoptosis of
cancer cells can be provoked by a variety of stimuli, including
chemotherapeutic drugs, tumor suppressor gene, radiotherapy,
and thermotherapy.') However, a recent investigation revealed
a backfire of radiotherapy that radiation-induced apoptosis
could activate a growth signaling cascade in tumor cells and
thereby stimulate tumor repopulation.?”) Therefore, develop-
ment of biomimic regulators that specifically target the apop-
totic pathways would be preferred. In response to apoptotic
stimuli, proapoptotic proteins, e.g. Smac, are released into the
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Figure 7. The in vivo antitumor efficacy of the cocktail in nude mice harboring Hela cervical tumor. A) The tumor volume over the treatment regimen,
B) the representative tumors after treatment, C) the tumor weight at the experimental endpoint and the inhibition rate of tumor growth, and D) the

change of the body weight over the regimen.
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cytoplasm from the mitochondria and thus trigger the intrinsic
apoptotic pathway.’! The polypeptide of Smac/DIABLO has
been demonstrated to be able to enhance anticancer drug-
induced apoptosis.®2!l More specifically, the tetrapeptide AVPI
from the Smac/DIABLO N-terminal epitope is able to interact
with the XIAP-BIR3 domain, consequently inhibiting XIAP and
sensitizing tumor cells to chemotherapeutics.??l In this study,
we developed a dual functionalized cell-penetrating chimeric
apoptosis peptide of AVPIRg, a fusion sequence of the shortest
Smac N-terminal AVPI tetra-peptide and the cell-penetrating
peptide of octaarginine (Rg). The AVPI is cell-impermeable and
thus renders it ineffective in cancer therapy. Once fused with
the Ry cell-penetrating sequence, the AVPI becomes a potent
proapoptotic agent.

Another important feature of the chimeric Smac AVPIRg
for cancer therapy is its additional function as gene carrier,
and the polycationic Ry motif enables effective gene delivery.
Tumor cells often evolve resistance to the intrinsic apoptosis
mechanism. Using monotherapy is not sufficient to sensitize
or induce apoptosis in tumor cells.’) Therefore, the apoptosis
regulator, p53 DNA, was selected as dual proapoptotic combina-
tion with AVPIRg. The p53 can act through both extrinsic and
intrinsic apoptotic signaling pathways by activation of the aspar-
tate-specific caspases.?)l Because p53 is frequently mutated in
more than 50% human cancers,?*! the reintroduction of p53
DNA can lead to tumor regression,?” as well as the increased
sensitivity of tumor cells to chemotherapeutic agents.?®! Our
results demonstrated the better proapoptotic effect of the dual
combination than any single use of AVPI or p53.

Cocktail, including various chemotherapeutics,?’] genes,?®!
or combinations of chemical and nucleic acid drugs,?! repre-
sents a promising strategy for curbing cancer development. The
cocktail therapy (codelivery system of AVPIRg/p53 combining
DOX) displayed strong tumoricidal activity on tumor cells. In
particular, the cocktail could greatly reduce the dose of the co-
administered chemotherapeutic agent. It may attribute to the
dual combination of proapoptotic agents, which synergistically
initiate signal transduction cascade and activate multiple apop-
totic pathways. More importantly, AVPIRg/p53 did not exhibit
adverse effect on non-tumoral cells, indicating normal cells are
insensitive to the exogenous apoptotic regulators and thus can
be spared during a hostile chemotherapeutic-involved regime.

In the B16 melanoma animal model, the cocktail effec-
tively arrested the tumor growth, whereas the mice given the
single DOX with the same dose suffered rapid tumor expan-
sion. Although peritumoral administration employed in animal
studies may not reflect the real-time profile of pharmaco-
kinetics, it should be mentioned that because of the nanosize
of the CPP/gene complex, CPP-mediated systemic delivery of
nucleic acid drugs can accumulate in tumor via EPR effect.?!
Besides, local therapy represents a growing trend for its unique
benefit of maximizing local tumor control with minimal sys-
temic toxicity.?!! Malignant melanoma is one of the most
aggressive skin cancers with active metastatic potential and
high resistance to chemotherapeutics,??) and conventional
chemotherapy generally offers unproductive treatment out-
comes. The findings reveal the feasibility of the potent combi-
nation for combating cancer, and thus are meaningful even in
an early stage.
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The tumor growth curves in nude mice bearing Hela cer-
vical tumor of the cocktail (AVPIRg/p53 + 1 mg kg! DOX,
q.0.d. dosing) and the single DOX (2.5 mg kg! q.d. dosing)
were almost overlapped, and their tumor suppression rates
were both greater than 90%. However, the high dose of DOX
not only contributed to the arrested tumor growth, but also
accounted for the 100% mortality rate of the treated animals,
indicating its fatal adverse toxicity and the extremely narrow
therapeutic window. By contrast, none died in the group
receiving the cocktail therapy, benefiting from the sharply
reduced chemotherapeutic dose by 80%.

4, Conclusions

Growing awareness is that monotherapy is hardly sufficient
to treat cancers, and thus combined pharmacotherapy (ie.,
cocktail) represents a solution to improved therapeutic effi-
cacy with reduced adverse effects. Apoptosis targeting therapy
is a promising strategy for combating cancer. The chimeric
AVPIRg not only acts as a cell-permeable apoptotic peptide, but
also functions as a drug carrier for the p53 tumor suppressor
gene. Such a proapoptotic codelivery system could specifically
induce synergistic apoptosis in tumor cells, but sparing normal
cells. The co-delivered AVPIRg/p53 DNA remarkably boosted
the antitumor effect of DOX, and this cocktail not only suc-
cessfully arrested tumor growth in two animal models bearing
melanoma and cervical tumor, respectively, but also displayed
benefits of greatly reduced dose and improved safety. There-
fore, this co-delivery system of AVPIRg/p53 DNA is promising
as adjuvant for chemotherapeutics-involved cocktails for cancer
therapy.

5. Experimental Section

Materials: N-hydroxybenzotriazole (HOBt), 2-Chlorotrityl chloride
resin  (100-200 mesh, loading: 1.32 mmol g7), o-benzotriazol-
N,N,N’,N’-tetramethyluronium  hexa  fluorophosphate = (HBTU),
N-fluorenyl-9-methoxycarbonyl  (FMOC) protected L-amino acids
(FMOC-Arg(pbf)-OH, FMOC-Ala-OH, FMOC-Val-OH, FMOC-Pro-OH,
FMOC-lle-OH) were purchased from GL Biochem Ltd, and used as
received. Diisopropylethylamine (DiEA), piperidine, trifluoroacetic acid
(TFA), methylacrylic acid polyethylene glycol single armor ether ester,
and N,N-dime-thylformamide (DMF), and dichloromethane (DCM)
were purchased from Shanghai Reagent Chemical Co. (Shanghai,
China). Triisopropylsilane (TIS), branched polyethylenimine (PEI, M,,
25 kDa) were obtained from Sigma-Aldrich (USA). DOX was a product
from Huannan Company (China). The Endofree Plasmid Purification
Kit was purchased from Tiangen Biotech Co. Ltd. (China). GelRed
was purchased from Biotium (Hayward, USA). Fetal bovine serum
(FBS), Dulbecco’s Modified Eagle’s Medium (DMEM), penicilline-
streptomycin, 0.25% trypsin-EDTA solution, dimethyl sulfoxide (DMSO),
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were obtained from Invitrogen (USA). The Micro BCA protein assay
kit was acquired from Beyotime Institute of Biotechnology (Haimen,
China). All other reagents were of analytical grade.

Cell Culture and Animals: HeLa human cervix carcinoma cells, mouse
B16 melanoma cells, and human embryonic kidney transformed 293T
cells were incubated in DMEM containing 10% FBS and 1% antibiotics
at 37 °C in humidified atmosphere with 5% CO2. Female C57 mice and
BALB/c-nu nude mice (4-5 weeks old, 18-22 g) were housed under
specific pathogen-free conditions. Animals possessed continuous access
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to sterilized food pellets and distilled water, and a 12-h light/dark cycle.
All of the animals were in quarantine for a week before treatment. The
experimental procedures were approved by the Institutional Animal Care
and Use Committee.

Synthesis of the Chimeric Smac Peptide (AVPIRg): The chimeric Smac
peptide (AVPIRg) containing the first four N-terminal amino acids of
Smac (AVPI) and the cell penetrating peptide (RRRRRRRR, Rg) was
synthesized using the standard solid phase synthesis based on classical
Fmoc/tert-Butyl chemistry.'®] The final product was confirmed by
MALDI-TOF Mass assay.

Preparation of AVPIRg/p53: DNA Complexes The complexes were
prepared by mixing particular volume of AVPIRg solution with 5 pL of
p53 DNA (1 pg in 40 mm Tris-HCl buffer solution). Subsequently, saline
was added into the complexes to a total volume of 100 uL and vortexed
for 10 s. The mixture was incubated at 37 °C for 30 min to form stable
complexes.

Characterization by Agarose Gel Electrophoresis, TEM, Particle Size, and
Zeta Potential: The stability of AVPIRg/p53 DNA complexes at varying
w/w ratios (5-50) was measured by agarose gel electrophoresis. The
resultant complexes were electrophoresed on the 0.8 w/v% agarose
gel containing GelRed. Naked DNA was used as control. A Vilber
Lourmat UV-transiluminator was used for the visualization of DNA. The
morphological examination of the AVPIRg/pDNA complex with w/w ratio
of 30 was performed using TEM operating at an acceleration voltage of
100 kV, after negative staining with sodium phosphotungstate solution
(0.2 w/v%). The particle size and zeta potential of AVPIRg/pDNA
complexes were measured by Zeta Sizer N particle analyzer (Malvern,
UK) via DSL. The AVPIRg/pDNA complexes at w/w ratios from 5 to 80
were prepared as described above, and dilution with deionized water
was made for the sample before determination.

In Vitro Cytotoxicity Assay of the Smac Peptide AVPIRg: The cytotoxicity
assay in vitro was measured in Hela, B16 and 293T cell lines by MTT
assay. Cells were seeded in 96-well plates at a density of 6000 cells per
well in 100 uL DMEM containing 10% FBS and cultured for 24 h before
test. Cells were treated with AVPIR8 for 48 h. MTT solution (20 uL,
5 mg mL™") was added to each well with further incubation for 4 h. The
medium was then removed and 200 uL DMSO was added to dissolve
the formazan crystals. The absorption was measured at 570 nm using
a microplate reader (Thermo, USA). The cell viability was calculated
according to the equation as follows:

Cell viability(%) = (ODsamples — ODpwiso) /
(ODcontrol - ODDMSO) x 100

In Vitro Transfection Mediated by AVPIRg: The optimal ratio for
transfection was determined by luciferase expression experiments, and
pGL-3 DNA was used as a reporter gene. Cells were seeded in 24-well
plates at a density of 6 x 10* cells per well and cultured in the complete
DMEM medium (10% FBS) at 37 °C. After incubation for 24 h, the
medium was replaced by fresh complete DMEM (10% FBS) containing
the complexes at a pDNA dose of 1 pg per well. After incubation for
4 h the medium was replaced by fresh complete DMEM (10% FBS),
and the cells were cultured for another 44 h. To assess the luciferase
expression of pDNA, the cells were thoroughly washed, and then lysed
with the reporter lysis buffer. Luciferase activity was determined with a
chemiluminometer (Lumat LB9507, EG&G Berthold, Germany), and the
total protein measured by a standard BCA method. Luciferase activity
was denoted as RLU per mg proteins.

Cytotoxicity of the Cocktail Containing AVPIR8/p53 and Doxorubicin:
Cell growth inhibition of the cocktail was evaluated in Hela, B16, and
293T cells using the standard MTT assay according to the preceding
procedure. Briefly, cells were seeded in 24-well plates and cultured for
24 h before use. In cocktail group, AVPIR8/p53 complexes at optimal
ratio (w/w = 30) were added into each well with a final concentration
of 300 ug/mL for AVPIRS and 10 ug mL™" for p53 DNA, and incubated
for 4 h. Then the medium was subsequently replaced with 1 mL of
fresh DMEM containing 0.4 or 0.8 pg DOX. After further culture for
44 h, 100 pL of MTT (5 mg mL™") solution was added into each well.
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Following 4 h of incubation, the medium was removed and DMSO was
added to dissolve the formazan crystals. The absorption was measured
as described above.

In Vivo Anti-Tumor Study: To establish the B16 tumor model, B16 cells
(5%106 cells/mouse) were subcutaneously injected into the back of the
C57 mice with a 25-gauge needle. The developed tumor was monitored
every other day using calipers and tumor volume was calculated using
the following formula:

V=Ww:xL/2

where W and L respectively are the shortest and longest diameters.
When tumors reached an average volume of about 100 mm?, the
treatment regimens were carried out by peritumoral administration
with alternate-day (q.0.d.) dosing. The mice were randomized into
7 groups (6 mice per group). Group 1, PBS (control); Group 2, DOX
(0.5 mg kg); Group 3, DOX (0.5 mg kg') and AVPIR; (0.6 mg); Group
4, DOX (0.5 mg kg') and AVPIRg (0.6 mg)/p53 (20 ug); Group 5, DOX
(1 mg kg™); Group 6, DOX (1 mg kg') and AVPIR; (0.6 mg); Group 7,
DOX (1 mg kg') and AVPIRg (0.6 mg)/p53 (20 ug). The body weight of
the mice and tumor size were measured daily. At day 21, the mice were
killed, and their tumors were immediately harvested and weighed. The
inhibition rate of tumor growth was calculated as follows:

Inhibition rate(%) = [tumor weight(treated)/
tumor weight(control) | x 100

To further study the therapeutic effect of cocktail treatment for
human cancer cells in vivo, another tumor model (BALB/c-nu nude
mice harboring Hela cervical tumor) was established. Briefly, the nude
mice were received subcutaneous injection with 0.2 mL of Hela cell
suspension (1 x 108 cells) in the back. When the volume of the tumor
xenograft reached about 100 mm?, the mice were treated by peritumoral
administration with q.o.d dosing for a 21-day regimen, whereas the
positive control group was given DOX (2.5 mg kg™") with g.d. dosing.
Experimental groups were as follows (6 mice per group). Group 1, PBS
(control); Group 2, DOX (2.5 mg kg™ d™'); Group 3, DOX (1 mg kg™");
Group 4, DOX (1 mg kg") and AVPIRg (0.6 mg); Group 5, DOX
(1 mg kg™') and AVPIR8 (0.6 mg)/p53 (20 Lg). At the endpoint of the
experiment, the mice were killed, and the tumors were immediately
harvested and weighed.

Statistical Analysis: The quantitative data were expressed as mean =
S.D. Statistical significance was analyzed by Student's t-test. Statistical
significance was inferred at a value of P < 0.05.
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