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ABSTRACT

c-myb antisense oligonucleotides (AS ODNSs) were
reversibly immobilized to a novel polymeric core shell
nanosphere and their cellular uptake and inhibitory
effect on HL60 leukemia cell proliferation studied. The
nanosphere surface was so designed as to directly
bind ODNs via ionic interactions and reversibly release
them inside the cells. Compared with the cellular
uptake of free oligonucleotide, the use of AS ODN
(immobilized to the nanospheres) produced a 50-fold
increase in the intracellular concentration. Specifically, a
single dose of 320 nM of AS ODN immobilized to the
nanospheres was capable of inhibiting HL60 cell
proliferation with the same degree of efficiency
obtained using a 50-fold higher dose of free AS ODN.
Flow cytometric experiments with fluoresceinated
ODNs showed a temperature-dependent uptake, which
was detectable as early as 2 h after the beginning of
treatment. The inhibitory effect on cell proliferation
was maintained for up to 8 days of culture. Moreover,

the level of c-Myb protein decreased by 24% after

2 days and by 60% after 4 days of treatment, thus
indicating a continuous and sustained release of
non-degraded AS ODN from the nanospheres inside
the cells.

INTRODUCTION

results concerning the actual biological mechanisms of PS ODNs
have been reported. Some studies indicate that PS ODNSs act by
sequence-specific mechanisn®-g), while it has also been
reported that their activity involves a wide range of non-specific
interactions, such as PS ODNs interference of cell growth, cell
morphology, viral proliferation, enzyme activity and mRNA
expressioni0-13).

The enhancement of the intracellular stability and uptake of
unmodified ODNs has also been attempted with different systems
being used, for example ODN inclusion in liposonies-{6) and
the development of specific carriers or delivery system as tailor-
made polymeric nanosphergs/), This latter system gives more
reproducible results due to the improved structural and morpho-
logical control of the carrier. Indeed, an efficient delivery system has
recently been developedd) based on the use of specifically
designed functional nanospheres with controlled size and surface
nature. Due to the nanospheres being able to exchange their bromide
counterions with the internucleosidic phosphate groups, ODNs can
be directly immobilized to the nanosphere surface.

Following our previous worksl g,16) on ODNSs targeted to the
c-mybencoded mRNA (codons 2-7), in this paper we describe
the immobilization of AS ODN on a core shell nanosphere sample
and its biological effects on human leukemia HL60 cells. The
cellular uptake of the ODN-nanosphere complexes was determined
with FITC and radiolabeled ODNs. Flow cytometry was used to
guantify the FITC ODN inside the cells.

Our results show that the core shell nanospheres greatly
enhance the cellular uptake of the unmodified AS ODN, which

Antisense oligonucleotides (AS ODNSs) have been successful§ Protected against nuclease degradation in cell culture in
employed to specifically inhibit gene expression botitro andin ~~ Medium for up to 8 days.

vivo (1-4). As the bioavailability of unmodified ODNSs is seriously

reduced by their fast degradation in serum and cells induced MATERIALS AND METHODS

ubiquitous exo- and endonucleases, several chemical modificati :

have been performed to make them more resistant to enzym(:gg(gre shell nanosphere preparation

degradation. Phosphorothioate-modified oligodeoxynucleotideghe functional nanosphere sample was prepared by free radical
(PS ODNS) are the most widely employed analogues due to theimulsion polymerization of methylmethacrylate (MMA) using
greater stability to nucleases while still maintaining theiguaternary ammonium salt of 2-(dimethylamino) ethyl metha-
biological activity ). In addition, their synthesis is easy and carcrylate, a reactive emulsifier. In a typical emulsion polymerization
be performed under mild conditions. Approximately 10 PSeaction, 4 ml of MMA were added to 33 ml of an aqueous
ODNs are currently being used in human clinical trials as botsolution of the reactive surfactant [2.5% (w/w) with respect to
antiviral (mainly HIV-related diseases) and antitumor (chronidMMA] and free radical initiator potassium persolphate [0.135%
myelogenous leukemia) agent8).( However, contradictory (w/w) with respect to MMA]. To eliminate the oxygen from the
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reaction mixture, the microemulsion was frozen by liquidcomplexes, the pellet was washed three times with sterile water,
nitrogen and then degassed under 0:68% Pa (5 Torr) for 3 min.  twice with HPLC grade methanol and then lyophilized.
The flask was then charged with nitrogen. This procedure was
repeated three times and the flask was then placed in a thermoRalease experiments of ODNs from the nanospheres
bath at 85t 1.0°C for 2 h and stirred constantly.

At the end of the reaction the product was filtered and purifiedn€ release of ODNs from the nanospherespbol ODN/g
by dialysis with an aqueous solution of the appropriate surfactai@nospheres) was monitored at various NaCl concentrations (0.1,
to remove the remaining monomer. The polymeric nanoparticlés22; 0-5, 0.75, 1.0 and 2.0 M) and pH values (5.0, 7.4, 9.0 and
were then dried under vacuum at room temperature. The reactigh?) in the presence of 20 mM sodium phosphate buffer. The
yield was[B0%. The amount of superficial functional groups inODN release was determined through the comparison of the UV
the nanospheres was determined by potentiometric titration of tA8S0rbance values\ (= 260 nm) before and after release. In
bromine ions obtained after complete ionic exchange of trRAdition, the ODN releasg from ;he nanospheres was detected in
ammonic groups. The ionic exchange was accomplished MI 1640 culture medium _(Glbco BRL), in the presence or
dispersing 0.5 g of the nanospheres in 25 ml of 1 M Kal@om  apsence of 10% fetal bovine serum (FBS). In a parallel
temperature for 48 h in a beaker. The above conditions were foufPeriment, the release of ODNs from the nanospheres was
to be optimum for achieving a quantitative ionic exchange of thgérformed in RPMI 1640 culture medium, in the presence of
ammonic groups. The mixture was then adjusted to pH 2 withgat-inactivated (63C for 30 min) 10% FBS.

dilute LSOy and the bromide ions were titrated with a 0.01 M _
solution of AgNQG. HPLC analysis of released ODNs

The composition of ODNSs released at different times in culture
Oligonucleotides medium (with or without 10% FBS) was analyzed through anionic

exchange HPLC (Toso Haas DEAE 5PW column) at pH 10. Equal
The following unmodified phosphodiester oligonucleotides wergmounts of culture medium (in the presence or absence of free or
synthesized: AS ODN,' TG CG5 GGG TCT TCG GGC-3  heat inactivated 10% FBS) were first analyzed to allow baseline
(free and radiolabeled); FITC ODNBITC GTG CG5 GGG back-subtraction. According to the amount of released ODNs
TCT TCG GGC-3 S ODN, 3GCC CGA AGA CCC CGG  (previously measured by UV absorption), 25-3800f the
CAC-3; SCR1 ODN, 5GCT GTG GGG CGG CTC CTG-3  supernatant were injected. After centrifugation and removal of
SCR2 ODN, 5GTA COG GGG TCC TTG AGC-3 and INV  the supernatant, release of the remaining ODNs immobilized to
ODN, 5-CGG GCT TCTGGG GCC GTG-3. the nanospheres was achieved through incubation (30 min) in the

The oligomers were obtained by automated solid-phasgppropriate volume (10 mg/ml) of 1.0 M NaCl in 20 mM

synthesis (Gene Assembler Plus from Pharmacia) by meanspygsphate buffer (pH 7.4). The HPLC analysis was performed

B-cyanoethyl-phosphoroamidite chemistry (@ol scale) on with alinear gradient of NaClf®from 20 mM to 0.3 Min 30 min)
CPG 500 A solid supports (ChemGene). The ODNs were purifigdl 20 mM Tris base buffer (pH 10).

by anion exchange chromatography (DEAE Sephacel from

Pharmacia; triethylammonium-bicarbonate gradient from 0.1 tg¢|| cultures

1.5 M, pH 7.4). The fractions with HPLC titer >90% were

collected, co-evaporated several times with water to remove th-60 cells were grown in RPMI 1640 medium (Gibco BRL)
excess buffer, converted to the sodium salt (Dowex 50WX8 resiftipplemented with 10% fetal calf serum, 2 mM glutamine and
Na* form) and then lyophilized. The UV melting experiments0.04 mg/ml gentamycin, in a humidified atmosphere with 5%
were performed by recording the absorbanke=®260 nm of 3mM  C0»/95% air at 37C.

solutions of the 1:1 AS ODN-S ODN complex in Tris buffer

(0.2 M Tris—HCI, 0.05 M NaCl, pH 7). HL60 cell proliferation assays
Cells were seeded in 24-well plates (Nunc) at a concentration of
Immobilization of ODNs on nanospheres 1x 10* cells/ml (5% 103 cells/well), and treated immediately with

) ) . 16 uM free ODN or with 320 nM of each ODN (either free or
Nanospheres (10 mg/ml) were dispersed in 20 mM sodiuf,mopilized to the nanospheres) dissolved in RPMI 1640 medium.
phosphate buffer (pH 7.4) and ultrasonicated for 15 min. Thegnirol cells were grown in the same conditions. Cell counts and

ODN was then added at the appropriate concentration. TRgpility (trypan blue dye exclusion) were determined daily for up
suspensions were stirred for 2 h at@5After centrifugation at 5 g days of treatment.

13 000 r.p.m. for 3 min, the supernatant was diluted with the
appropriate amount of sodium phosphate buffer and the U
absorbance was measured\at 260 nm. By subtracting this 8DN uptake by HLBO cells
value from the absorbance value of the added ODNs, w&-Dephosphorylated AS ODN was labeled at'itsrigl using T4
determined the percentage of binding. polynucleotide kinase (Boehringer Mannheim) apd2P]ATP

For the biological tests, Omol of each ODN was added to (Amersham) for 30 min at 3€, according to standard protocols.
1 ml of the sodium phosphate suspension of the nanospheres &odthe uptake assays, HL60 cells (fI0* cells/well) were treated
continuously stirred for 2 h. After centrifugation at 13 000 r.p.m.with 5'-end-labeled ODN, free or immobilized to the nanospheres,
the UV absorbanceA(= 260 nm) of the supernatant wasat a final concentration of 14M (3 x 1C® c.p.m./well). After
measured. The final loading obtaingdl@ umol ODNs/g of incubation at 37C for 2, 9 and 23 h, cells were collected and the
nanospheres) corresponds to the quantitative immobilization of t#EDN uptake was evaluated by using the following two protocols.
administered ODNs. To remove the excess buffer and to sterilize tfipCells treated with free radiolabeled AS ODN were centrifuged
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at 400 r.p.m. for 5 min to remove the supernatant fraction & x
containing only non-incorporated radiolabeled ODN. The cell Qy\\‘?r‘h
pellets were washed twice in ice-cold PBS and the ODN uptake

was measured as the radioactivity associated with cells using a /’A\{Y

Beckman LS6000SC Beta Counter. (i) Cells treated with RL |+
radiolabeled AS ODN immobilized on the nanospheres were [ PMMA SVAER
centrifuged at 400 r.p.m. for 5 min and the supernatant fraction \

removed. The cells were then lysed by hypotonic shock in ANy

bidistilled water and centrifuged at 400 r.p.m. for 5 min to pellet T % =
the nanospheres still complexed to the radiolabeled compound. Px
By counting the radioactivity in the lysate fraction (supernatant), g

we only considered for the uptake evaluation the AS ODN
already released into the cells from the nanospheres, and so aQJe 4 .
to hybridize or already complexed to the target mRNA. igure 1. Schematic chemical structure of PMMA nanospheres.

To verify that the experimental conditions employed (hypotonic
lysis and further centrifugation) did not cause any release of thfeeSULTS
immobilized compound from the nanospheres, the same protocol
was used on AS ODN immobilized to the nanospheres witho@ore shell nanosphere preparation and characterization

the cells as a control. _ _
The functional nanospheres were prepared by free radical

emulsion polymerization of MMA using a reactive emulsifier
consisting of a methacrylic monomer and a quaternary ammonium
group with a long alkyl substituent. Due to the preferential

5'-Fluorescein-labeled-mybantisense oligonucleotides (FITC- /ocalization %f th? er_rthIS||f_|Er| a’;hﬂ:e |fr\terftz_;1ce b?twe?]n"th?
ODNs) were used for the cytofluorimetric cellular uptake studiedl ONOMEr and water, 1t IS likely that a function outer Shell o
HL60 cells (5x 10F) were incubated with fig/ml FITC-ODNs Guaternary ammonium groups anchored to an inner polymethyl-

free or complexed to the nanoparticles at 37 a@ffar 2 h. This  Methacrylate core shell structure was formed (Eig. The
incubation time was chosen since 2E4ells began dying when nanosphere sample employed in the present study has an averag

exposed for longer periods. After treatment, cells were washé;jé""mme.r of 480t 50 nm (Fr'gz'z) and a surface density of
three times with cold PBS containing 0.01% Triton X-100 gmmonium groups of 1@mol/¥.
remove the FITC-ODNs adsorbed outside the cellular membrane.
The cell viability was then determined (trypan blue staining) jussynthesis and purification of the ODNs
before flow cytometric analysis. Twenty-thousand events for
each sample were accumulated using a fluorescence-activafgte following 18mer unmodified oligodeoxynucleotides were
cell sorter [FACscan cytofluorimeter (Becton Dickinson, Sarised: AS ODN,5GTG CGG GGG TCT TCG GGC-3(together
Jose, CA)], and the list mode data were analyzed using Lysiéth its 5-FITC and radiolabeled derivatives) directed against the
[I-C3.2 Becton Dickinson software. codons 2-7 oft-myb encoded mRNA, which inhibit human
leukemia HL60 cell proliferationl).
The following four ODNs were used as control sequences:
5-GCT GTG GGG CGG CTC CTG-3 SCR2 ODN, 5GTA
To evaluate the expression of c-Myb protein in the cultured ceffCG GGG TCC TTG AGC-3, INV ODN, 5-CGG GCT TCT

line at days 2 and 4 after treatment$ délls were incubated at GGG GCC GTG-3. i

4°C for 30 min in lysis buffer with ionic detergent (2% SDS, 20 mm Al ODNs were purified by anion exchange chromatography
Tris pH 8.0, 2 mM PMSF) and then ultrasonicated. Forty"‘”d converted to their sodium salts. UV meljung ana_IyS|s of the
micrograms of total proteins were loaded for each sample on a 1044 cOmplex AS:S revealed a very cooperative melting process
SDS—polyacrylamide gel. Transfer to nitrocellulose (Immobilior(Tm: 75°C).

PVDF membrane; Millipore Corporation, Bedford, MA) was

performed in glycine transfer buffer (192 mM glyCine, 25 mM|mmobi|izati0n of ODNSs on the nanospheres

Tris pH 8.8, 20% v/v methanol) for 3 h at 30 V. Western blot was

carried out with ECL western blotting kit (Amersham, ArlingtonAll ODNs were able to bind to the core shell nanospheres through
Heights, IL). Anti-c-Myb mAb (UBI 05-175) was used at 1:1000the interaction between the internucleosidic phosphate groups
dilution. Peroxidase-labeled anti-mouse antibody NF-82&nd the positively charged ammonium groups at the surface of the
(Amersham) was used according to manufacturer’s instructionsanospheres. Incubation of increasing amounts of ODNs with
To check the protein amount transferred to nitrocellulos&0 mg/ml of nanospheres in 20 mM sodium phosphate buffer
membrane, heat-shock protein (HSP) was used as control giptH 7.4) allowed increased values of final loading, ranging from
detected by an anti-human HSP 72/73 mAb (Ab-1, clone W21,.2 to 12umol ODN/g of the nanospheres (F3).

Calbiochem, Cambridge, MA). The relative amounts of the The binding evidently occurred through an ionic interaction
transferred c-Myb protein were quantified by scanning thenechanism since the adsorption of the ODNs on a comparable
autoradiographic films with a gel densitometer scanner (Bio-Radanosphere sample without any ammonium group on the surface
and normalized to the related HSP 72/73 amounts. was negligible. Moreover, incubation in buffers with salt

Flow cytometric analysis
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Figure 2. Scanning electron micrograph of the nanosphere sample. The order of magnification is indicated by the reported bar.

concentrations >20 mM reduced the capacity of the ODNs to bind 12 1
onto the nanospheres.

10 1
Release of the ODNs from the nanospheres

The ODN release from the nanospheres closely depends on the
ionic strength of the medium and was nearly complete in the
presence of 1.0 M NaCl. This behavior was pH insensitive in the
5-10 pH range. Accordingly, as expected, the release in RPMI
1640 culture medium at 3T after 24 h was minimum (4.5%),
due to the low ionic strength, but increased in the presence of 10%
FBS and 10% heat-inactivated FBS to reach the values of 14 and

Immobilized AS ODN (umolg™)
»

24%, respectively, after 24 h. 0 ' ' : '

0 50 100 150 200 250
HPLC analysis of released AS ODN in RPMI 1640 culture Incubated AS ODN (M)
medium

HPLC analysis was performed on the AS ODN released aftefigure 3. Trend of the AS ODN immobilization per gram of nanospheres as a
days 1, 2 and 5. As expected, after 1 day’s incubation in RPMpnction of the concentration of the incubated ODN. Each point represents the
1640 culture medium, extensive degradation of the releasgg®a" of three observations3p).

unmodified ODN occurred in the presence of 10% FBS serum, ) ] -

whereas release of mainly intact ODN could be detected in the the case of the ODNs reversibly immobilized on the
presence of 10% heat-inactivated FBS serum. After centrifugatidinospheres, the cellular uptake increased sharply at firstand then
and removal of the supernatant, the AS ODN still immobilized t§10re gradually to reach a plateau value of 10% after 10 h.

the nanospheres was recovered in the presence of 1.0 M NaCl

buffer. The anionic exchange HPLC analysis revealed that the ASow cytometry

ODN, previously immobilized on the nanospheres, was still intact ) i
after 5 days of incubation in the presence of native FBS4Fig. ODN-nanosphere uptake was evaluated by incubating HL60 cells
with FITC-ODN either free or complexed to nanoparticles at

4 and 37C, and the fluorescence intensity associated with treated
cells was measured by flow cytometry. To distinguish the
energy-dependent FITC-ODN uptake from the FITC-ODN
The trend of cellular uptake, as a function of time, of free APassive diffusion through the cellular membrane, the experiments
ODN and AS ODN reversibly immobilized on the nanospheresere carried out at 4 and 3Z. The fluorescence intensity

is illustrated in Figur&. The uptake of the free ODN wia3.01%  associated with cells exposed tadiml of free or NP-associated
after 2 h, and remained between 0.05 and 0.15% for up to 23FHTC-ODN for 2 h is shown (Fig5). No significant change in

Cellular uptake of free AS ODN and AS ODN reversibly
immobilized on the nanospheres



Nucleic Acids Research, 1998, Vol. 26, No. 23429

3.7 22.7 12
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Figure 5. Cellular uptake of free and immobilized ODN by HL60 cells as a
function of time. HL60 cells were incubated at @Avith 5-labeled ODN free
(filled circles) orimmobilized Slabeled ODN (open circles). At the indicated time,
cellular uptake was monitored as the ratio of radioactivity in cellular lysate versus
total radioactivity. Each point represents the mean of three observafRiD (

0 10 20 30 ¥ B

t (min)

Figure 4. Anion exchange HPLC traces of (A) oligonucleotidic fragments
present in RPMI 1640 culture medium containing 10% FBS after 24 h of
incubation at 37C of the AS ODNs immobilized on the nanospheres, and of
(B) AS ODN chemically recovered from the nanospheres after 5 days of
incubation at 37C in RPMI 1640 culture medium containing 10% FBS.

oo 161 ) & o 160 164 162 [t T

number
)
9

fluorescence intensity was observed in the cells treated with freg0
FITC-ODN when endocytosis was prevented by incubation ato
4°C, compared with untreated control cells (F&#). The C
difference of the fluorescence intensity associated with the cells
treated with free FITC-ODN both at 37Fig. 6B) and 4C

(Fig. 6A) was small after only 2 h of incubation. On the contrary,
the treatment of HL60 cells with FITC-ODN complexed to the
nanoparticles at 3T (Fig.6D) caused a significant increase of
the fluorescence intensity associated with the cells, as compared
with that observed either when the same treatment was carried out % U T I TR
at 4°C (Fig. 6C) or when the cells were exposed to the free
FITC-ODN at 37C (Fig. 6B). These data suggest that an
energy-dependent mechanism is likely to be involved in the

_ ; _ it igure 6. Flow cytometric quantification of FITC-ODN internalization. HL60
uptake of NP-associated FITC-ODN. In addition, the entry of thé.c:ells were treated with free FITC-ODN{§/ml) at £ (A) and 37C (B) for 2 h.

ODN-nanosphere complexes into Ce”S_ IS more rap_'O_' then thﬁ1e same treatments were performed with FITC-ODNg/nl) adsorbed to
entry of free ODNs under the same experimental conditions. Aftefanospheres at°4C) and 37C (D). The black area represents the auto-

the flow cytometric analysis, the cells were cyto-centrifuged and théuorescence intensity of untreated cells.

fluorescence localization was evaluated by fluorescence micro-

scopy. The spots of fluorescence were only detectable in thige delivery of ODNSs allows the use of low concentrations of AS
cytoplasm of cells treated at 37 with NP-associated FITC- ODNSs while at the same time inducing the same inhibition of cell
ODN; only a small amount was found to be close to the plasnuoliferation observed with 1M free AS ODNs, we performed
membrane (data not shown). The cell viability after 2 h of incubatioiose—response experiments starting with at least 1 log less ODNs
with free or NP-associated FITC-ODN was >85%, indicating th¢.e. 1.6uM) adsorbed on NP (Fig/B). When the cells were

Fluorescence intensity

absence of toxic effects during all treatments employed. treated with AS ODN immobilized to the nanosphere at
concentration of 320 nM, the inhibitory effect on HL60 cell

Effect on HL60 cell proliferation of AS and control ODNs proliferation was outstanding and comparable with that observed

immobilized on the nanospheres when a 50-fold higher concentration of free AS ODN (M)

was employed (FigiC). Treatments with free AS ODN as well
AS ODN targeted to the codons 2—7caihhybmRNA inhibited as S ODN, SCR1 ODN, SCR2 ODN and INV ODN at a
HL60 cell proliferation when used at a concentration ofit#  concentration of 320 nM, were not able to induce any change on
(Fig. 7A), confirming our previous data ). To evaluate whether the cell proliferation rate. Since the results obtained with all the
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A day 2 day 4
A B C D A B C D

HSP 72/73 m”? ﬂﬁ_-ﬂ

C-Myh | s L8 ——— —
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Figure 8. Western blot analysis of c-Myb protein expression in HL60 cells
0,16 0,32 06 1,6 exposed to immobilized ODNs. Analysis performed at days 2 and 4 after a
ODN con : single dose treatment. A contr_o] cells; B, cells treated with free nanosph_eres;
centration (M) C, cells treated with immobilized SCR1 ODN; D, cells treated with
immobilized AS ODN. HSP 72/73 expression served as control for uniformity
80 of protein gel loading and blotting. In the bottom of the figure the densitometric

: , C
60 - guantifications of the c-Myb protein normalized by HSP are reported.
40 m
20 ‘ and to free nanospheres after days 2 and 4 are reporte#l)(Fig.
o ) ) ] . On day 2, cells treated with immobilized AS ODN showed a
2 4 6 8

reduction in c-Myb protein level @24% (in comparison with the
control cells), as evaluated by densitometric analysis and
normalization to HSP 72/73 level. A still greater reduction in
Figure 7. Effect of free and immobilizec-myb ODN on HL60 cell c-Myb protein level was detected on day 4, with a 59% decrease
prf)lifecﬁtion'tvahijej arelA ‘Iaﬁpiggseﬁlaf petrc(::-nt_:)hf]inhibgignO g‘ l\tl:eglpr?!igerationin protein expression induced by AS ODN immobilized to the
related to untreated celr cells treated wi ree . black bars, i ifi i i

16,1M AS ODN: gray bars, 320 nM AS ODN: white bars, 320 nM free SCR1 N2nosPheres. No significant change in c-Myb protein level was
ODN. (B) HL60 cells treated with 0.16, 0.32, 0.6 or il immobilized As  ©00served, on either day 2 or 4, in cells exposed to the control
ODN (black bars), immobilized SCR1 ODN (gray bars) or correspondentSequence SCR1 immobilized to the nanospheres and to the free
amount of free nanospheres (white bas).HL60 cells treated with 320 nM  nanospheres. These results indicate that the inhibitory effect on
immobilized AS ODN (black bars), 320 nM immobilized SCR1 ODN (gray H| 60 cell proliferation was due to the down-modulation of the

bars) and free nanospheres (white bars) at the same concentration (30 ng/ : ; _ s
used for the treatments with immobilized ODNs. Results obtained with the Myb protein level, determined by the sequence-specific

other control ODN treatments were similar to that of SCR1 ODNs. Each pointreaCtion of the AS ODN with-mybmRNA.
represents the mean of triplicate sampt&{Y).

Growth inhibition (%)

Days

DISCUSSION
control sequences used were found superimposable, only the data )
referring to SCR1 ODN were reported (Fid\). The treatment A variety of systems have been developed to overcome the rapid
with AS ODN immobilized to the nanospheres resulted in fegradation of ODN in biological media, which is the major
longer inhibition of cell proliferation, even though the AS ODNdrawback to a greater commercial use of the antisense approach.
administration was performed in a single dose at the beginning of-iPophylic polyalkylcyanoacrilate nanospheres, developed for
the experiment. In fact, the inhibition was0% at day 2 (in the delivery of doxorubicin, are able to reversibly bind anti-
comparison with untreated cells), and remained at 70-75% up38nse oligonucleotides, in the presence of high concentrations of
day 8, whereas a decrease of the inhibitory effect was obsend hydrophobic quaternary ammonium salt (cetyltrimetyl-
after day 4 with treatment with the free il AS ODN. The —ammonium bromide, CTAB), which allow ion-pair formation
sustained effect of the AS ODN immobilized to the nanospherés®). Unfortunately, the release of ODN is accompanied with the
suggests that the nanospheres protected the ODNs from nucleg@acomitant release of CTAB, which, at high concentrations,
degradation. The addition of 320 nM NP-associated S ODN adgduces toxicity in cells. Cholesterol-modified ODNs, capable of
G-quartet containing SCR1, SCR2 and INV ODNSs, to HL60 Ce”glrectly interacting with _nanospheres without the need for
did not result in any inhibitory effect on the cell proliferation ratePotentially toxic intermediates, have also been employed, but a
and the same results were obtained with the exposure of the cé#ger inhibition of human tumor cells proliferation was found

to the free NP; only the data referring to SCR1 ODN treatment af@mpared with the previously described systei®). (Diethyl-
reported (Fig7C). aminoethyl-dextran stabilized PHCA nanoparticles improved the

cellular uptake of antisense oligonucleotided) (but, after
incubation in the cellular medium, a protective coating of the
complex by serum proteins prevented oligonucleotide release
from the nanospheres.

The western blots of c-Myb protein expression in HL60 cells To obtain an efficient delivery of ODNs through biological
exposed to AS and SCR1 ODNs immobilized on the nanosphem&mbranes and so a reduction in the ODN dosage, we prepared

Expression of c-Myb protein in HL60 cells treated with AS
and SCR1 ODNs immobilized on the nanospheres
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novel polymeric nanospheres, specifically designed to directigther cellular and animal systems. In fact, due to the synthetic
bind polyanionic antisense agents without requiring other potentialipethod, the nanosphere surface nature can be modulated in ordel
toxic intermediates. We were able to modulate the amount & improve the bioavailability of antisense agents and other
unmodified phosphodiester ODNs (0.2—-12nol ODNs/g) anticancer and antiviral agents, thus opening a new and reliable
immobilized on their surface. Release was easily obtained in tigeneral strategy for increasing the cellular uptake and the
presence of high NaCl concentration, whereas it was minimum biological stability of ODNSs.

the presence of the culture medium, thus preventing loss of active

compound outside cells. Binding to the nanospheres seemsAGKNOWLEDGEMENTS
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