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Abstract

The present paper reports the preparation and characterization of gelatin microspheres containing (a) a 44-mer
single-stranded synthetic oligonucleotide, complementary to the HLA-DRA gene (ssDNA-44) and (b) a double-
stranded fragment, 144 bp in length, prepared by the polymerase chain reaction (PCR) mimicking a region of the
HIV-1 LTR (dsDNA-144). Spherical gelatin microspheres were obtained by a coacervation method, showing a high
percentage of encapsulation yields (over 85%). Size distribution analysis of the microspheres produced resuited in an
average diameter of 22 um. In order to analysc the releasc profiles of both ssDNA-44 and dsDNA-144 from
microspheres, in vitro studies were carried out by using a flow-through cell method. The chemical stability of
dsDNA-144 to the encapsulation procedure steps was in addition demonstratcd by PCR amplification of the DNA
eluted from the gelatin microspheres. The reported results indicate that gelatin-based microspheres offer excellent
potential as carrier systems for the in vivo administration of both single- and double-stranded DNA molecules.
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Antisense oligonucleotides complementary to
viral or eukaryotic RNAs have increased in im-

covered repressors of gene expression could be
proposed as novel pharmacological agents for the

portance because of their ability to block the viral
life cycle as well as to control the expression of
target genes (e.g., oncogenes and transfected re-
porter genes) in different cellular systems (Uhl-
mann and Peyman, 1990; Neckers et al., 1992; To
and Neiman, 1992). Accordingly, these newly dis-
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therapy of pathological states associated with an
altered expression of gene(s) such as viral infec-
tions (including AIDS) as well as neoplastic dis-
eases (Mirabelli et al., 1991).

In addition, other small DNA molecules, such
as double-stranded synthetic oligonucleotides or
polymerase chain reaction (PCR) generated DNA
fragments (approximately comprised in a size
range between 30 and 300 base pairs), could be
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cfficiently employed as molecular tools to study
and modulate gene transcriptional activity. These
molecules could indeed exert their biological ac-
tivity mimicking genomic regulatory regions
recognised by transcriptional factors (TFs) inter-
acting in this way with specific TFs and finally
causing their displacement from the target DNA
sequence (Gambari and Nastruzzi, 1993).

These considerations are particularly impor-
tant, since interactions between TFs and specific
DNA regions located in the promoters of eukary-
otic and viral genes represent one of the crucial
molecular events regulating the transcriptional
activity of genes (Mitchell and Tjian, 1989; Faisst
and Meyer. 1992).

It should be pointed out that the use of anti-
sensc oligonucleotides and PCR-generated DNA
fragments could in principle direct the biological
effects on the transcription / translation of a lim-
itcd number of genes. potentially leading to the
sclective inhibition of protein synthesis.

In spite of these interesting pharmaco-biologi-
cal propertics, both oligonucleotides and PCR-
generated DNA fragments are in general rapidly
degraded by cellular and extracellular nucleases.
These drawbacks greatly reduce their applicabil-
ity as therapecutic agents since, in order to exert
their pharmaco-biological activities, oligonu-
cleotides should remain stable in the extracellular
environment and display appreciable half-lives
after in vivo administration.

The task of resolving the stability problems of
this class of compounds has been mainly ap-
proached through chemical changes of the
oligonucleotide molecular structure. This can be
achieved cither by strategies involving the modifi-
cation of the phosphate ester backbone or based
on the reversion of the phosphate anomeric con-
figuration. To this end, methylphosphonates,
phosphorotioates and  a-oligodeoxynucleotides
have been recently proposed as nuclease-resistant
compounds (Crooke. 1991).

Alternatively, another interesting approach to
reduce degradation and possible toxicity prob-
lems related to oligonucleotide usc in vivo is
offered by their encapsulation in liposomes. The
use of liposomes as carriers for DNA molecules
has demonstrated that the instability problems of

this class of compounds in biological media can
be effectively climinated (Thierry ¢t al., 1992).

In the scarch for other administration strate-
gies able to increase both DNA stability and
activity towards target cells, in the present paper
we propose the alternative use of gelatin micro-
spheres (GMs) as a new delivery system for syn-
thetic oligonucleotides and PCR-generated DNA
fragments. The pharmaceutical applicability of
microspheres as carricer systems has indecd been
demonstrated in a variety of medical applications,
including drug delivery and vaccine administra-
tion (Langer, 1990). In addition, microspheres
have been utilized to transport the entrapped
agent to sclected sites, improving the therapeutic
benefit and both the pharmacokinetic and phar-
macodynamic profiles of thc encapsulated com-
pounds (Davis ¢t al., 1993).

Concerning the polymeric material that we
cmployed for microsphere production, it should
be stressed that the use of gelatin in pharmaccu-
tics is particularly attractive by virtuc of its bio-
compatibility and biodegradability together with
the total absence of toxicity or allergic problems
possibly associated with the use of synthetic poly-
mers (Nastruzzi ct al., 1993a).

With these aims, in this report we describe (a)
the preparation and characterization of gelatin
microspheres containing small DNA molecules
and (b) the in vitro relcase characteristics of the
DNA-carrying gelatin microspheres.

To study the feasibility of the entrapment of
small DNA molccules in microspheres, we uti-
lized, as model compounds: (a) a 44-mer single-
stranded synthetic oligonucleotide, complemen-
tary to the HLA-DRA genc (ssDNA-44); and (b)
a double-stranded fragment, 144 bp in length,
prepared by the polymerase chain rcaction, mim-
icking a region of the HIV-1 LTR (dsDNA-144),

$sDNA-44 was synthesized on a Pharmacia
Gene Assembler Plus DNA synthesizer and puri-
fied on a Pharmacia biocompatible HPLC system
by standard methods.

dsDNA-144 was prcpared by PCR using as
templatc DNA the plasmid pBC12/HIV-1/CAT
(Zoumpourlis ¢t al.. 1991) which contains the
entirc LTR region of the HIV-1 genome and two
specific PCR primers, whose location and sc-
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quence are reported in Fig. 1. Each PCR reaction
was performed in 50 ul (final volume) containing
50 mM KCI, 10 mM Tris-HCI pH 9, | mM
MgCl,, 0.01% gelatin, 0.1% Triton X-100, 200 ng
of template DNA, 150 ng of ecach primer, 1.65
uM dATP, 1.65 uM dTTP, 1.65 uM dGTP, 1.55
eM dCTP plus 30 uCi of [a-*PJdCTP and 2
U/ reaction of Tag DNA polymerase (Promega,
U.S.A.). After initial denaturation for 5 min at
98°C, 30 cycles of amplification were performed
consisting of 60 s denaturation at 94°C, 60 s
annealing at 55°C and 60 s extension at 72°C.
The microspheres were produced by the coac-
ervation technique as previously described
(Nastruzzi et al., 1993a). Briefly, 7 ml of aqueous
gelatin solution (15%, w/v; pre-heated at 80°C),
containing the synthetic oligonucleotide (ssDNA-
44) or the PCR product (dsDNA-144), together

a. ssDNA-44
44-mer single-stranded synthetic oligonucleotide

OLI-44: CTAATGTGCTTCAGGTATAT
CCCTGTCTAGAAGTCAGATT
GGGG

Complementary to the HLA DRA gene

b. dsDNA-144
144-mer double-stranded PCR generated fragment

primer E:  ATTTCATCACATGGCCCGAG
primer F:  CAGGATCTGAGGGCTCGCC

PCR primers
b £

bp @ 100 200 300 400 500

1
LT%g—] LTR

HIV-1 genome

Fig. 1. Synthetic oligonucleotide and PCR-generated fragment
employed in the present study. 44-mer single-stranded syn-
thetic oligonucleotide, complementary to the HLA-DRA gene
(ssDNA-44) (a) and double-stranded fragment, 144 bp in
length, prepared by polymerase chain reaction and mimicking
a region of the HIV-1 LTR (dsDNA-144) (b).

with trace amounts of **P-labelled material, were
added at 80°C to 40 g of an oil phase constituted
of isopropyl palmitate. The mixture was mechani-
cally stirred under turbulent flow conditions to
form a w/o0 emulsion, after 5 min, the solution
was rapidly cooled at 15°C and then, 30 ml ace-
tone were added in order to dehydrate and floc-
culate the coacervated droplets. Gelatin micro-
spheres containing DNA molecules were isolated
from the suspension by filtration through a sin-
tered glass filter. The removal of residual oil was
performed by washing the microspheres with 3 X
80 ml aliguots of acetone.

The morphology of GMs was evaluated by
observation on optical and scanning electron mi-
croscopy (SEM). Microsphere size and size distri-
bution were determined by analysing SEM pho-
tomicrographs showing at least 100 microspheres.

Entrapment yields for both ssDNA-44 and ds-
DNA-144, were determined by detecting the ac-
tivity of *?P-labelled DNA molecules in micro-
spheres. The in vitro release kinetics of ssDNA-44
and dsDNA-144 from microspheres were deter-
mined by a flow-through cell method (Nastruzzi
et al., 1993b), quantitating the released 32p.-
labelled DNA molecules by 8-counting.

Concerning the different experimental param-
eters employed for microsphere preparation
(speed of mixing, aqueous to organic phases ratio
and temperature), we examined their effect with
respect to the oligonucleotide encapsulation yield
and particle size. The most critical factor influ-
encing particle size and size distribution was
found to be the stirring speed. By using a stirring
speed of 1000 rpm, small microspheres with an
average diameter of 22 + 9 um in the dehydrated
state and narrow size distribution were obtained.
In Fig. 2, microphotographs of the gelatin micro-
spheres (panels A, B) and their size distribution
analysis (panel C) are respectively reported, reia-
tive to microspheres containing ssDNA-44. Elec-
tron microscopy shows that aggregation phenom-
ena are almost absent and that no pores are
present on the relatively rough surface of the
microspheres. Similar results were obtained for
microspheres containing dsDNA-144 (data not
shown). Taken together, these results indicate
that the microspheres produced can be consid-
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ered ideally suitable for encapsulation, release
and activity studies of bioactive compounds.
Moreover, the microsphere recovery (the
weight percentage of isolated microsphere with
respect to the total amount of gelatin used) and
encapsulation yields for both single- and double-
stranded-oligonucleotides were found to be over
85% under all the experimental conditions uti-
lized for microsphere preparation (sece Table 1).
This latter point is particularly appealing, since it
allows the preparation of microspheres with a
high oligonucleotide specific content without loss
of material that, especially in the case of expen-
sive compounds (e.g., synthetic oligonucleotides).
could profoundly influence the total cost of the
microencapsulation procedure

Frequency (%)
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Table 1

Microsphere recovery and encapsulation yield for gelatin mi-
crospheres encapsulating single- and double-stranded DNA
molecules

Microsphere  Encapsulation
recovery yield (%)
(%)
Single-stranded
synthetic oligonucleotide
ssDNA-44 87.2+2.7 87.79+4
Double-stranded
PCR-generated DNA
fragment dsDNA-144 93.0+4.5 92.1+8.2

Data represent the average of four independent experiments
+SD.

 Weight percentage of isolated microsphere with respect to
the total amount of gelatin used.

Minimum: 5.06 Maximum: 424
Range: 373 Median: 22.5
Mean: 222 Standard Error: 0.77
Variance: 83.6
Standard Deviation: 9.1
CoefTicient of Variation: 41.1 |
Skewness:  0.08 Kurtosis: 0650 |
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Fig. 2. (A,B) Scanning electron micrographs of gelatin microspheres containing the ssDNA-44 synthetic oligonucleotide. Bars: 25
wm (A) and 10 wm (B), respectively. (C) Size distribution analysis of ssDNA-44 containing microspheres.
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Since the therapeutic efficacy of a microencap-
sulated compound is largely due to its release and
local concentration at organ or tissue level, the
analysis of both amount and mechanism(s) of
drug release, after administration, represents one
of the major steps for the development of a
microsphere-based delivery system (Magenheim
and Benita, 1991). Fig. 3 reports a schematic
representation of the experimental system used
for the determination of oligonucleotide release
kinetics (panel A) together with the complete
release profile of the microencapsulated ssDNA-
44 and dsDNA-144 molecules. The results pre-
sented here demonstrate that the release from
microspheres of both ssDNA-44 and dsDNA-144
is generally biphasic, with an initial relatively
rapid release phase (a ‘burst effect’), followed by
a slower release phase.
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With the aim of showing that the entire encap-
sulation procedure does not cause degradation
phenomena on the entrapped dsDNA-144, we
determined, by PCR technology, after release
from microspheres (namely, in the fractions eluted
from the release column), whether the full-length
double-stranded DNA fragment dsDNA-144 was
still present. This was demonstrated by amplifica-
tion (using primers E and F; see Fig. 1) of the
material eluted from the microspheres and analy-
sis of the amplified PCR products by agarose gel
electrophoresis (see Fig. 4).

Taken together, these results demonstrate that
gelatin microspheres represent an attractive chal-
lenge for the in vivo administration of DNA
molecules, possibly leading to controlled delivery
of both single- and double-stranded oligonu-
cleotides. The complete biocompatibility of the
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Fig. 3. (A) Schematic representation of the flow-through cell system employed for the determination of the release kinetic profiles.
(B,C) Release profiles of ssDNA-44 (B) and dsDNA-144 (C) from microspheres (¢). For comparison, the profiles obtained with the

free compounds (e) are reported.
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Fig. 4. Polymerase chain reaction (PCR) amplification of the
plasmid pBC12 /HIV-1/CAT (Zoumpourlis et al., 1991) lead-
ing to the production of a fragment mimicking the 281-424
region of the HIV-1 LTR (GenBank entry HIVHXB2CG)
(lanc a). The 144 bp fragment obtained (dsDNA-144) was
utilized for microsphere entrapment. (Lane b) DNA molecu-
lar weight marker V; (lanes ¢,d) PCR amplification of the
dsDNA-144 fragments contained in the fractions from the
flow-through cell release experiments of free (lane ¢} or
microsphere-encapsulated (lane d) dsDNA-144.

polymer used for the production and the optimal
morphological characteristics of the microspheres
indicate a promising perspective for their use as
drug carriers.
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