INVITED COMMENTARY

Sense, Antisense, and Common Sense

that will string together to make a pro-gioplasty and cardiac allografting is
The central dogma of molecular bi-t€in, the mRNA sequence is said tcalso being tested in vivo with ODNs
ology stipulates that DNA moleculesmake sense. To produce a molecul¢7,8). Patients with Crohn’s disease
are the genetic storehouse that contairtat recognizes and binds to the sendeave experienced successful remission
the entire repertoire to build the cellsstrand, a string of nucleotides that aravith a phosphorothioate ODN that in-
and tissue of an organism. In higheicomplementary to the sense sequendebits the human endothelial adhesion
eukaryotes, a large portion of allmust be constructed. Hence, the nammolecule ICAM-1 Q). The most im-
genomic material, perhaps well overantisenses given to a short strand of portant potential application of anti-
90%, does not encode any precursoDNA or RNA molecule that is com- sense in viral diseases is HIV infec-
Protein-encoding DNA regions, alsoplementary to a specific mRNA se-tion. A recent phase | trial in HIV-
called genes, lie amid this expanse ofjluence. infected patients using an ODN
nonfunctional portion of the genome. The idea of using antisense oligodedirected at the gag site of the HIV gene
Proteins, a cell's working moleculesoxynucleotides (ODNs) was proposedshowed minimal side effectd (). An-
that perform the structural, regula-in 1967 to specifically inhibit gene ex- tisense ODNs are also being targeted
tory, and other programs of activitiespression through the formation of anagainst cytomegalovirus retinitis, a se-
encoded by genes, are synthesizethRNA-DNA duplex suppressing orverely disabling disease seen in AIDS
through a complex, molecular 2-stepreventing the translation of the tar-patients 11).
process. The genetic informationgeted message into proteih)( At the  Antisense DNA molecules have also
stored in DNA is first copied into time, no automated method was availbeen proposed by a few researchers as
messenger RNA (mRNA) moleculesable to produce oligomers of more thara tool to image tumors expressing var-
in a process called transcription.4 bases and in sufficient amounts. Oveious oncogenesl@,13. The require-
mRNA molecules are then translatedhe last 20 y, progress in nucleotidements for the use of antisense mole-
into proteins by the ribosomal ma-chemistry, the automation of synthecules in cancer therapy are well
chinery through a remarkably accu-ses, and the development of a nucledefined (4) and have served as criteria
rate, stepwise assembly of peptidegse-resistant DNA backbone havdor their use in imaging¥5). In con-
and proteins. Through this processmade DNA (and RNA) antisense mol-trast to therapeutic applications, in
the nucleic acid sequence of MRNAgcyles readily available. Antisensewhich a single antisense molecule can
is translated into the language ofmplecules have been used to regulateventually knock down the expression
amino acid molecules. knock down, or express genes in culof an oncogene, imaging techniques
DNA consists of 2 antiparallel and e @): to engineer plants3; and to require a high concentration of anti-
complementary base-pair polynuclegesign chemotherapeutic agents againsense molecules inside the target cells.
otide strands that wind togetherryses ¢,5). For successful antisense imaging, tar-
through space to form a double helix. it the identification of genes re-get cells should have a sufficient
In the transcription process, 1 of theghgnsible for cell growth, develop-amount of mRNA oncogene product
DNA strands (the template strand) iSyent, and malignant transformationand should specifically and selectively
copied into a complementary molecul§gncogenes and tumor suppressaetain DNA antisense probes. Various
(MRNA) whose base sequence is argenes) has come the desire to translataethods for labeling antisense mole-
rfanged in triplet (group of 3 ngcleo— this information into new strategies forcules with single photons and positron
tides), or codon. Each codon is thefye yreatment of cancer, cardiovasculaemitters have been publisheti6(17.
reaq anq tran.slat.ed- into a Spe_c'f'cdiseases, and other common ailments. In a state-of-the-art study reported in
amino aC|d,.wh|ch IS mco_rporated N0 concept of “silencing” oncogenethis issue ofThe Journal of Nuclear
the elongating polypeptide. Bec""us‘:éxpression in malignant diseases idledicine Zhang et al. 18) investi-
the sequence of ba;es along t_he mR_N'ﬁ‘ow being tested in multiple clinical gated the effect of the mercaptoacetyl-
determines the series of aming alCId?rials. Antisense oligonucleotides tar-triglycine/linker group on the hybrid-
geting Haras, craf, bcl-2, cimyh ber-  ization of an 18mer phosphorothioate
Recer R abl, anderb-B2 oncogenes are beingDNA antisense to the intracellular
eceived Jul. 15, 2001; revision accepted Jul. ) K )
17, 2001. tested in various types of cances).( growth regulatory molecule subunit |
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A, type I. They also tried to show an (i.e., the hybrid melting temperaturespecies of the duplex, leaving the DNA
antisense effect on various cell linedTm]) should be well above 37°C and,sequence intact and able to interact with
expressing different levels of RI on the other hand, that at 37°C thehe same sequence in other mRNA mol-
Several factors play a critical role indissociation constant of the complexecules. This mechanism likely renders
the design of antisense molecules foshould be low. Because the Tm of theor the decrease in cell growth and pro-
imaging. The first factor is the speci-hybrid is highly dependent on the nayiferation observed in vitro and in pre-
ficity of the antisense DNA molecule ture of the bases involved in the bondyjinical and clinical trials. The observa-
to its mRNA target. With the assump-pairing, it is essential that the targetjon, in this study, that synthesis of the
tion that a eukaryotic cell containssite and, consequently, the ODN S€targeted MRNA is increased suggests a
about 10 different mRNA species of quence be selected with respect to thﬁegative feedback mechanism between

2-kb average length, the total RNATm (21). the amount of MRNA in the cell and

sequence complexity is about2 107 ODNs containing phosphodiesterSynthesis of MRNA. This is a new con-

bases. The expected number of occutinkages are rapidly degraded in serum disi . d intriaui
rences for a given sequence of N basdsy exo- and endonuclease enzymeé:,ept anc 1S mterestmg and intriguing.
L o A . . Naked nucleic acids have a strong
within the RNA pool is given by di- with a half-life of approximately 20 . .
viding the complexity of the pool by min. Over the past decade, the greategtegatlve charge, which can prevent
AN, Therefore, the shortest sequenceuccesses in developing nuclease-r(ljhe'r passage through the bilipid layer
likely to be unique among an RNA sistant ODNs have been achieved by the cell membrane. However, cellu-
pool of 2 X 107 is 13 bases109). substituting a sulfur atom for an oxy-1a" uptake of ODNs appears to be a
The second parameter is optimizagen atom—one not involved in thenatural phenomenon, and a receptor-
tion of the duplex formation betweensugar—sugar bridge— of the phosphattke mechanism is probably involved.
the antisense molecule and its mRNAgroup (phosphorothioate ODN). ThisChemical modifications to make ODNs
target by varying the sequence of thesubstitution increases the stability ofmore electrically neutral; their associa-
DNA probe. To inhibit gene expres-nucleases, retains solubility in waterfion with carriers such as lipid vesicles,
sion, many investigators have choseand improves cellular uptakeZ,23. liposomes, and adenovirus vector; and
to target the translation initiation siteVarious strategies are being developethe preparation of antisense nano-
of an mRNA on the assumption thatto produce ODN analogs with betterparticles 6—-29 seem to significantly
this region is important and accessiblebioavailability and better metabolic,improve cellular uptake of ODNSs.
Although efficient inhibition of trans- therapeutic, and imaging properties by Like the specific delivery of gene
lation usually occurs with DNA oligo- modifying the structure of the inter- reporters to target cells, the delivery of
nucleotide sequences complementaryucleotide linkages, bases, and sugagntisense to target cells will need to be
to this region, most regions of an(24,25. refined in greater detaiB(). This fac-
mRNA molecule are in fact accessible Zhang et al. 18) have to be com- tor may also potentially interfere with
to ODNs, except those with many an-mended for using the most advancegypyridization and will require further
t|parallel duplex str_ucturesf, called hair-molecular biology techniques such a%tudy. The methodology of Zhang et
pins. Steps at which antlsense_ mglgspectrophotometry, surfac&_e plasmony (18) can serve as a template for
cules have_ been shown_ to |n_h|b|tresonance, reverse tran_scnptase POIY/'aIidation of these new ODN probes.
mRNA also include E_rc_:appmg, splic- merase reaction, and mlcroal_Jthat_jlog— A new avenue to exploit the exquis-
ing, and mRNA stability. The overall raphy to compare the hybridization,; ificity of the Watson-Crick nu-
extent of base pairing is reflected in thamelting temperatures, and cellular aclte spectlicrty o .
biophysical properties of each RNAcumulation of labeled and unlabeledcle'C acid base bairs is bel_ng developed
molecule and can eventually be presense, antisense, and scrambled ool nuclear medicine. A.nt.lsgnsfe DNA
dicted by rules that govern the interacsequences. The absence of significaj‘?cmomgy' glthough ?t'” n |t.s infancy
tion of base pairs. Thermodynamic al-changes in hybridization of the labele or thergpy, IS noyv bemg act|vely.con-
gorithms are now available to predictversus the unlabeled ODN sequencé€Ptualized and investigated for imag-
the secondary structure of a particulathe specific retention of the antisensd"d- | believe that this innovative ap-
RNA and can be used, to a certairstrands, and the decrease in targetgfoach will mature rapidly and result
extent, to select optimal target sites omRNA content suggest that radiola-n @ new class of unique radiopharma-
the mRNA to be imaged2(). beled antisense molecules can succesgeutical agents that can characterize
Third, to be used as an in vivo im-fully be used for imaging and, eventu-the phenotype and genotype of cells
aging agent, an ODN sequence shouldlly, for therapy. Antisense ODNsand organs.
be able to recognize and bind tightly tointerfere with gene expression by sev-
its complementary sequence in the tareral mechanisms. RNA-DNA dimers

get nucleic acid at 37°C. This meansformed inside the cell immediately at- Jean-Luc C. Urbain
on the one hand, that the temperaturgact the endogenous nuclease RNase-H, Cleveland Clinic Foundation
required for dissociation of the hybridwhich catalyzes cleavage of the RNA Cleveland, Ohio
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