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We have developed the simple preparation of Tc-99m-labeled or fluorophore-labeled na-
noparticle which was reactive to mRNA in the tumor specifically. Nanoparticle consisted
of Antisense-oligonucleotides and streptavidin or biotin. We have also developed sec-
ond-generation nanoparticles which consisted of Antisense-oligonucleotides and strepta-
vidin or biotin and monoclonal antibody which recognized the tumor specific receptor.
HER2, which over expressed in the breast tumor implanted in the thigh of mouse, was
viewed very clearly when Tc-99m-labeled nanoparticle was injected intravenously.
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1. Simplified preparation via streptavidin of
antisense oligomers/carriers nanoparti-
cles showing improved cdlular ddivery
in culture

METHODS: The model carriers were cholesterol,

a 10 mer HIV-tat peptide, and a 10 mer polyar-

ginine, each having been reported elsewhere to

improve celular deivery of oligomers. The
model antisense oligomer was the 25 mer MORF
targeting the survivin mRNA. The accumulations
of the antisense MORF/carrier nanoparticle were
compared to the sense MORF/carrier, to the car-
rier-free nanoparticles, and to the naked antisense

MORF in the survivin-expressing MCF-7 célls.

The MORFs and peptides were purchased bioti-

nylated, while the cholesterol was bictinylated

in-house. In al cases, the *™T¢ radiolabe was
placed on the oligomers. Cell studies were per-
formed a low nM concentration as required for
antisense imaging applications and a 37°C pri-
marily in 1% FBS. RESULTS: Each radiolabeed
oligomer/streptavidin/carrier  nanoparticle was
successfully prepared by careful mixing at a 1.1
molar ratio. As evidence of carrier participation,
the radiolabeled MORF showed increased accu-
mulation in cells when incubated as the nanopar-
ticle compared to the carrier-free nanoparticle
and by as much as a factor of 11. Accumulation



of the antisense MORF/streptavidin/tat nanopar-
ticle was dignificantly higher than the sense
MORF/gtreptavidin/tat nanoparticle as evidence
of specific antisense targeting. CONCLUSIONS:
The preparation of oligomer/carrier nanoparticles
was greatly simplified over covalent conjugations
by using streptavidin as a linker. Furthermore,
our results suggest that the addition of strepta-
vidin did not interfere with the cellular delivery
function of the tat, polyarginine, or cholesterol
carriers nor with the specific antisense mRNA
binding function of the MORF oligomer.

2. Optical antisense imaging of tumor with

fluor escent DNA duplexes

Antisense targeting of tumor with fluorescent
conjugated DNA oligomers has the potentia of
improving tumor/normal tissue ratios over that
achievable by nuclear antisense imaging. When
adminigered as a linear duplex of two fluoro-
phore-conjugated oligomers arranged in a man-
ner that inhibits fluorescence as the duplex and
designed to dissociate only in the presence of the
target MRNA, the fluorescence signal should in
principle be inhibited everywhere except in the
target cell. Optical imaging by fluorescence
guenching using linear fluorophore-conjugated
oligomers has not been extensively investigated
and may not have been previously considered for
antisense targeting. We evaluated in cell culture
and in KB-G2 tumor bearing nude mice a 25-mer
phosphorothioate (PS) anti-mdrl antisense DNA
conjugated with the Cy5.5 emitter on its 3
equivalent end and hybridized as a linear duplex
with a shorter 18-mer phosphodiester (PO) com-
plementary DNA (cDNA) with the Black Hole
inhibitor BHQ3 on its 5' end. In serum environ-
ments, 90% of the DNA25-Cy5.5 fluorescence
was inhibited immediatdly following addition of
the cONA18-BHQ3 and showed only dlight loss
of inhibition over 24 h at 37°C. As evidence of
antisense specific binding, when incubated with
the DNA25-Cy5.5/cDNA18-BHQ3 duplex, the
fluorescence was lower in KB-31 (Pgp+/-) cells
compared to KB-G2 (Pgp++) cdls, but when
incubated with the control cDNA18-Cy5.5/-
DNA25-BHQ3 duplex in which the fluorophores
were reversed, the fluorescence of both cell types
was low. As further evidence of specific binding,
the fluorescent intensity of total RNA from

KB-G2 cdls incubated with the study duplex
showed evidence of dissociation and hybridiza-
tion with the target mRNA. Furthermore, the
fluorescence microscopy images of KB-G2 cells
incubated with DNA25-Cy5.5 as the singlet or
study duplex show that migration in both casesis
to the nucleus. The anima studies were per-
formed in mice bearing KB-G2 tumor in one
thigh and receiving iv the study or control du-
plexes. The tumor/normal thigh fluorescence
ratio was clearly positive as early as 30 min post
injection in the study mice and reached a maxi-
mum a 5 h. By contrast, much lower fluores-
cence was observed in mice receiving the control
duplex at the same dosage. Fluorescence micro-
scope imaging showed that the Cy5.5 fluores
cence was much higher in tumor sections from
the animal that had received the study rather than
control duplex. Thus combining a fluorophore
conjugated antisense DNA with an inhibitor
conjugated shorter complementary cDNA inhib-
ited fluorescence both in cell culture and in tu-
mored animals except in the presence of the tar-
get mRNA. This proof of concept investigation
of optical antisense targeting therefore suggests
that further studies including optimization of this
approach are appropriate.

3. Cdl culture and xenograft-bearing ani-
mal studies of radiolabeled antisense
DNA carrier nanoparticles with strepta-
vidin asalinker

METHODS: The 3 carriers were cholesterol, a

10-mer Tat peptide, and a 10-mer polyarginine

peptide. A 20-mer DNA targeting the mdrl mes-
senger RNA coding for Pgp expression was used
as the phosphodiester (PO) DNA as well as the
phosphorothioate (PS) DNA. In dl cases, the
9™Tc radiolabel was on the DNA. The 8 nano-
particles were firgt tested in mdrl(++) KB-G2
and TCO-1 cdllsand in mdrl(+/-) KB-31 cellsin
culture for evidence of improved accumulation
and antisense targeting. Thereafter, the

PSDNA-streptavidin-Tat, PODNA-streptavidin--

Tat, and PS DNA-streptavidin-cholesterol nano-

particles were administered intravenoudy to

KB-G2 xenograft-bearing mice, and tissue dis-

tributions were measured. RESULTS: In culture,

the PO nanoparticles showed increased accumu-
lation compared with the corresponding nanopar-



ticles without the carrier in al 3 cdl types; in
contrast, with the PS nanoparticles, any similar
carrier-mediated increase may have been ob-
scured by the much higher protein-binding affin-
ity of PS DNA. As evidence of antisense target-
ing, the Tat and cholesterol PS nanoparticles
showed statigtically significant accumulation at
23 h in cdls in the descending order TCO-1,
KB-G2, and KB-31, although there were no sig-
nificant differences among the PO nanoparticles.
In xenograft-bearing mice, the tissue accumula-
tion of both forms of the PS nanoparticles greatly
exceeded that of the PO nanoparticles and, in-
cluding in the tumor, were similar to that ob-
tained previoudy for naked PS DNA. CON-
CLUSION: The presence of the dreptavidin
linker had no obvious detrimental effect on the
functions of the carriers and antisense DNAS.
The higher protein-binding affinity of the PS
nanoparticles than the PO nanoparticles was till
apparent both in vitro and in vivo, the pharma-
cokinetics of the PS nanoparticles were similar to
that of naked PS DNA, and the carriersimproved
cellular accumulation, at least for the PO nano-
particles. These observations, taken together with
the higher accumulation of both forms of the
antisense PS nanoparticles in mdrl(++) KB-G2
and TCO-1 cdls than in mdrl(+/-) KB-31 cdls,
suggest that further effort is justified to confirm
that the antisense properties of the DNAs were
not compromised by the presence of streptavidin.
4. Cationic transfectors increase accumula-
tion in cultured tumor cells of radio-
labeled antisense DNAs without entrap-
ment
While cellular accumulations in culture of oli-
gomers, such as interfering RNA and antisense
DNA, are reported to benefit from the addition of
transmembrane transfectors (TFs), the extent to
which individual TFsimprove cellular delivery is
usually inferred and rarely measured. The goal of
this investigation was to use radioactivity to
measure in cdls in culture the degree to which
accumulations of DNA increased when com-
plexed with TFs and without DNA entrapment in
vesicles. The antisense (AS) DNA targeting mdrl
mRNA coding for P-glycoprotein (Pgp) and its
sense (S) complement DNA were radiolabeled
with ®™c and mixed with jetPEl, Chariot, or

Neophectin over arange of TF/DNA ratios. The-

reafter, the radiolabeled DNASs with and without

TFswere incubated with KB-G2 (mdr1(+/+)) and

KB-31 (mdr(+/-))cells at 37°C in serum or se-

rum-free media for 20-24 hours at a fixed DNA

concentration of 13 nM. Cedlular accumulations
were increased under most incubation conditions
and by as much as threefold with jetPEl and
eightfold with Neophectin. As evidence againgt
entrapment, the accumulations of ASDNAS were
higher than SDNAs in virtually all measurements
and higher in virtually all accumulations in the
mdr1(+/+) cells, compared to the mdr1(+/-) cells.

In conclusion, by using radiolabeled DNAS, de-

finitive evidence was obtained showing that the

addition of Neophectin and jet PEl increased
cellular accumulations of both AS and S DNA
without evidence of vesicle entrapment.

5. Cdl studies of a three-component an-
tisense MORF/tat/Her ceptin nanoparticle
designed for improved tumor delivery

The three-component nanoparticle of this inves-

tigation consisted of an anti-type | regulatory

subunit alpha of the cyclic AMP-dependent pro-
tein kinase A (Rla) antisense phosphorodiami-
date morpholino (MORF) oligomer, a tat peptide
and the anti-HER2 Herceptin antibody each bio-
tinylated and each linked via Sreptavidin and
tested in SUM190 (HER2+), SUM149 (HER2-)
and SK-BR-3 (HER2+) cdls in culture, using
both radioactivity and fluorescent labels on the
antisense and control sense MORF. Within the
nanoparticle, the antibody provides specific
binding to the target cells, the tat improves cellu-
lar ddivery and the MORF provides the specific
retention of the radioactivity in the target cell
nucleus. The results show that within the nano-
particle, the Herceptin was still able to bind to its
determinant; that the MORF escaped entrapment
with its mMRNA-binding ability preserved and that
the tat maintained its carrier function. Fluores-
cence microscopy showed evidence of antisense
MORF internalization, separation from Herceptin
and migration to the nucleus. In conclusion,
streptavidin appears to provide an easy means of
mixing and matching components to improve the
tumor-specific targeting, cell membrane transport,
pharmacokinetics and other properties of an-
tisense and other oligomers. Combining the three



components of this investigation with strepta-
vidin apparently did not interfere with the prop-
erties of each component in cell culture and sig-
nificantly improved delivery.
6. Auger radiation-induced, antisense me-
diated cytotoxicity of tumor cells using a
3 component streptavidin delivery nano-
particlewith In
METHODS: Our nanoparticle consists of strep-
tavidin that links 3 bictinylated components: the
antiHer2 antibody trastuzumab (to improve
pharmacokinetics), the tat peptide (to improve
cell membrane transport), and the **In-labeled
antiRla. messenger RNA antisense morpholino
(MORF) oligomer. RESULTS: As evidence of
unimpaired function, tumor cell and nuclear ac-
cumulations were orders of magnitude higher
after incubation with %°™Tc-MORF/tat/trastuzu-
mab than after incubation with free *"Tc-MORF
and significantly higher with the antisense than
with the sense MORF. In mice, tumor and nor-
mal-tissue accumulations of the *™Tc-MORF/-
tat/trastuzumab nanoparticle were comparable to
those of free ®™Tc-trastuzumab, confirming the
improved pharmacokinetics due to the tragtuzu-
mab component. Although kidneys, liver, and
other normal tissues also accumulated the nano-
particle, immunohigtochemical evaluation of tis-
sue sections in mice receiving the Cy3-MORF/-
tat/trastuzumab nanoparticle showed evidence of
nuclear accumulation only in tumor tissue. In a
dose escalation study, as measured by the sur-
viving fraction, the nanoparticle significantly
increased the kill of SK-BR-3 breast cancer

Her2+/Rla phat cells, compared with al controls.

CONCLUSION: Significant radiation induced

antisense mediated cytotoxicity of tumor cellsin

vitro was achieved using an Auger electron emit-

ting antisense MORF oligomer administered as a

member of a 3 component streptavidin delivery

nanoparticle.

7. A convenient thiazole orange fluores
cence assay for the evaluation of DNA
duplex hybridization stability

When study duplexes shown to be stable in se-

rum were incubated with their target cells, the

assay successfully detected evidence of dissocia-
tion, most likely by an antisense mechanism.

Thus, a TO fluorescence assay has been devel-

oped that is capable of detecting the dissociation

of DNA duplexes.

8. Optical antisense tumor targeting in vivo
with an improved fluorescent DNA du-
plex praobe

Fluorescent conjugated DNA oligonuclectides

for antisense targeting of MRNA has the potential

of improving tumor/normal tissue ratios over that
achievable by nuclear antisense imaging. By
conjugating the Cy5.5 emitter to the 3' equivaent
end of a 25 mer phosphorothioate (PS) antisense

major DNA and hybridizing with a shorter 18

mer phosphodiester (PO) complementary minor

DNA (cDNA) with the Black Hole inhibitor

BHQ3 on its 5' end, we previoudy achieved an-

tisense optical imaging in mice as a proof of this

concept. In a process of optimization, we have
now evaluated the stability of a small series of
duplexes with variable-length minor strands.

From these results, a new study anti-mdrl an-

tisense duplex was selected with a 10 mer minor

strand. The new study duplex shows stability in
serum environments at 37°C and provides a dra-
matically enhanced fluorescence in KB-G2

(Pgp++) cels when compared with KB-31

(Pgp+/-) as evidence of antisense dissociation at

its mdrl mRNA target. The duplex was also ad-

ministered to KB-G2 tumor bearing mice, and
when compared to the duplex used previoudly,
the fluorescence from the tumor thigh was more
obvious and the tumor-to-background fluores-

cence ratio was improved. In conclusion, by a

process designed to optimize the duplex for opti-

cal antisense tumor targeting, the fluorescence
signal was improved both in cells and in tumored
mice.

9. In vivo ddivery of antisense MORF oli-
gomer by MORF/carrier streptavidin
nanoparticles

Tumor targeting by oligomers is largely limited

by the pharmacokinetics and cell-membrane

transport obstacles. In this article, we describe
the use of a delivery nanoparticle, in which
streptavidin served as a convenient bridge be-
tween a biotinylated oligomer and a biotinylated
cell-membrane-penetrating peptide, to improve
the delivery of an antisense phosphorodiamidate
morpholino (MORF) oligomer in vivo. A bioti-
nylated ®™T c-radiolabeled MORF oligomer with



a base sequence antisense to the Rloo mRNA and
its sense control were incorporated separately
into nanoparticles, along with bictinylated tat or
polyarginine carrier. The streptavidin nanoparti-
cles were adminigrated intravenousy to both
normal and nude mice bearing SUM149 breast
tumor Xxenografts. The biodistributions showed
much higher norma tissue levels for the radio-
labeled MORFs, independent of antisense or
sense or tat or polyarginine, when administered
as the nanoparticles, compared to naked. A statis-
tically significant higher accumulation of both
antisense nanoparticles, compared to the respec-
tive sense control nanoparticles, was observed,
along with much higher tumor accumulations,
compared to historical naked controls. This study
has provided evidence that the in vivo function of
an antisense oligomer within the dreptavidin
nanoparticle is not impeded, and, as such, the
MORF/streptavidin/carrier nanoparticles may be
suitable for in vivo tumor delivery of antisense
MORF and other oligomers.
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