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ABSTRACT

Positron emission tomography (PET) is a non-invasiuclear imaging technique. In PET, radiolabeliedlecules
decay by positron emission. The gamma rays regultom positron annihilation are detected in coofence and
mapped to produce three dimensional images of teatier distribution in the body. Molecular imagingth PET

refers to the use of positron-emitting biomolecules are highly specific substrates for targetyanes, transport
proteins or receptor proteins. Molecular imagingtiwiPET produces spatial and temporal maps of thgeta

related processes. Molecular imaging is an impartanalytical tool in diagnostic medical imaging,etlapy

monitoring and the development of new drugs. Mdéedmaging has its roots in molecular biology. @nally,

molecular biology meant the biology of gene expoessbut now molecular biology broadly encompastes
macromolecular biology and biochemistry of proteicemplex carbohydrates and nucleic acids. To datdecular
imaging has focused primarily on proteins, with &@gis on monoclonal antibodies and their derivativems,

small-molecule enzyme substrates and componemtsiiahembranes, including transporters and transirame

signalling elements. This overview provides anodtrction to nucleosides, nucleotides and nucleidsai the

context of molecular imaging.

Key words: Molecular biology, molecular imaging, PET, nuclieles, nucleotides, nucleic acids, oligonucleotides,
antisense, aptamer, spiegelmer

INTRODUCTION cells are attributed to the expression of mutations
in their cellular deoxynucleic acid (DNA). Quite
Contemporary language confers several meaninggderstandably, nucleic acid biochemistry is a
to the wordcancer In astronomy, it refers to a primary target of cancer research.
heavenly constellation observed near Leo anBespite almost a century of research into
Gemini in the northern skies. In astrologgncer hereditary principles, the link between cancer and
is the fourth sign of the zodiac, and in biology and®NA is not fully understood. DNA was first
astrology, cancer is synonymous with therab, reported by Friedrich Miescher in 1869 (Miescher
comprising the family of ten-legged crustaceansl871), but its genetic role was only ascertained
Most commonly, however,cancer refers to through several decades of probing research and
malignant neoplasms characterized by thénquiry. Erwin Schrodinger, in contemplation of
invasive, metastatic proliferation of the durability of hereditary molecules, asked the
undifferentiated cells. The properties of cancerousietaphysical  question ‘What is  Life?’
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(Schrodinger, 1944), following Oswald Avrey’s concentrations, because it can be a million times
report on the nature of the ‘transforming principle’'more sensitive than MRI (Paans et al, 1985). This
(DNA, 2005). In the early 1950's, Watson andis particularly important for the study of ligand-
Crick defined DNA's double helix structure receptor interactions and neurotransmitter
(Watson and Crick, 1953; Franklin and Goslingfunction, where nanomolar and picomolar
1953). The field of molecular biology originally concentrations are commonplace. Furthermore, the
concerned the biology of gene expression, but nokinetic models derived fronn vivo PET images
broadly includes macromolecular biology andfrequently enable superior interpretation of
biochemistry, including proteins, complex qualitative images by quantifying a specific
carbohydrates and nucleic acids. (Crick, 1970Wnderlying biochemical process.

Clearly, these and other investigations wer&he spatial resolution ofin vivo imaging
stepping stones to modern molecular biologyequipment (< 0.1 mm for MRl and and
Non-the-less, despite achievements such aproaching 1 mtfor high resolution PET),
sequencing the complete genomes of severalgnal contrast and signal acquisition time
species including man, many of DNA’s secretqtemporal resolution) are substantive limitations of
remain to be unravelled (Double Helix at 50,current imaging devicesn vivoimaging currently
2003). A comprehensive understanding ofprovides averaged data derived from thousands or
molecular biology is certain to be the key tomillions of cells, even at the highest resolution (the
combating cancer. smallest volume element, or voxel, of the 3-D
The structure, function and ‘downstream’image). Furthermore, data for image
biochemistry of DNA, DNA expression reconstruction are collected over periods of time
(transcription to ribonucleic acid (RNA) and RNA that may be long relative to the biological process
translation to protein) are touchstones ofunder  observation. Fortunately, imaging
contemporary molecular biology, which in turn,instrumentation is not yet fully developed: the
hold the keys to the biochemistry and genetics demporal and spatial resolution, contrast
cancer cells. Undoubtedly, molecular biologysensitivity, and reconstruction algorithms have not
represents the best and perhaps only rationgkt reached their theoretical limits, and
means to develop effective cancer therapies. Theprovements on both fronts are continuing.
number and complexity of molecular interactiondmportantly, computing power now supports real
at the cellular level, together with the large numbetime data analysis. Excellent reviews on the status
of potential DNA mutations that could lead toof imaging are available (Apisarnthanarax and
cancer, preclude the discovery of simple solution€hao, 2005; Seddon and Workman, 2003,
to eradicate this disease. Diagnostic radiology research, 2005).

Molecular imaging and functional imaging

contribute to a better understanding of molecular argets For Molecular Imaging

events at cell and tissue levels. Appropriate

molecular probes, together within vivo Caéll cycle

(ftMRI/MRS, PET, SPECT, sonography, opticalCells are the smallest independent biological
imaging) andin vitro (confocal, fluorescence and entities capable of performing all of the functions
electron microscopy) imaging techniques, are nowequired for life as we know it Fig. 1).

used routinely to trace molecular events at th®ynamic events within and among cells provide
cellular level. In the medical clinic, thesethe best opportunity to obtain functional
approaches can provide a molecular basis to selaoformation at the molecular level. In the simplest
effective treatment and to monitor the patient'snmodel, cell replication involves a complex
response to the therapy. sequence of events which are conventionally
Two-dimensional (2-D) and three-dimensional (3-grouped into five stages: GO, G1, S, G2 and M.
D) images can provide both spatial and tempordDNA synthesis occurs during S phase, and the
information about functional processes. PET, irfinal division into two daughter cells is completed
contrast to othem vivo imaging techniques, has at the end of M phase.

the intrinsic ability to provide quantitative Differentiated cells, which are cells that will not
information at relatively high spatial resolution. Individe again, are in GO. The transition from GO to
comparison to non-radiotracer imaging, PET caiis1 commits the cell to completing the cycle (The
be used to monitor processes at physiologicdbictionary of Cell and Molecular Biology, 2005).
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DNA transcription and RNA translation are primepotentially reflect protein synthesis, energy
molecular imaging/radiotherapeutic targets forconsumption, or DNA synthesis (Fig. 2). Never-
identifying and monitoring proliferating (cycling) the-less, markers of S-phase activity, which reflect
cells. the doubling of DNA in preparation for division,
Cell proliferation involves all aspects of cellularare considered the most accurate indicators of
metabolism. Cell proliferation markers, includingproliferation.

molecular imaging radiopharmaceuticals, could

=

e

Figure 1 - Schematic representation of a eukaryotic cell d&g molecular processes that
are potentially suitable for molecular imaging.

Cell migration and metastasis biodistributions within the body, several sites of
Cell migration is an integral part of life, from action, and pharmacokinetic properties
embryonic morphogenesis to the recruitment oincompatible with imaging.
immune responses and repair in adult tissues. Céllell homeostasis is based on complex, dynamic,
migration and colonization (metastasis) in newnterdependent molecular reactions. Moreover,
tissue is a hallmark of cancer. Metastatic tumorgenome expression is bioenergetically driven from
may express molecular features that differ fronwithin the genomic code, so that the beginning and
cells in the primary colony, often making themend of a cell's life cycle look remarkably similar.
difficult to detect and treat using Major points of interaction between diagnostic
techniques/reagents that were effective for theadiopharmaceuticals and a simple homeostatic
primary tumor. Relocation to sites that may bemodel are shown in Fig. 2. The three major
difficult to access, and the expression of moleculacomponents are:
changes (e.g. surface antigens) make these soe The genome, i.e., nucleosides, nucleotides,
called secondary tumors the major challenge to oligonucleotides, polynucleotides and nucleic
successful treatment of cancer. Potential acids,
diagnostic/imaging targets include chemotactis The proteome, i.e., proteins (enzymes,
molecules  that signal  migration, actin  receptors, structural elements, antibodies, etc),
polymerization associated with identification of  and
new terrain, and adhesive complexes needed for The energy sources, i.e., glucose, acetate and
traction. fatty acids.

Molecular imaging of these systems using true

substrates (e.g.!'C]glucose for pathologies that
Cell biochemistry reflect altered glucose metabolism) provides
The design of diagnostic molecular probes igomplex data because the signal (counts per voxel
frequently based on drugs which have favorablgr pixel) reflects total radioactivity. Counts

therapeutic ~or  pharmacological  propertiesyepresent the sum of signals derived from all
Unfortunately, many drugs have broad
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radioactive species present, e.g., the substrate aoomponents is simply too difficult, tedious and
its radioactive metabolites. Deconvolution of thistime-consuming to be practical in a clinical
complex information into its biochemical setting.

NH GENOME:
/& DNA, RNA
O nucleotides

l
N

PROTEOME: ENERGY:
enzymes glucose, O,

receptors acetate, etc
MAbs, etc F
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Y CELL
HoN 2 PROLIFERATION
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Figure 2 - Fluorinated amino acids, carbohydrates and wsales are false substrates used for
molecular imaging of cell proliferation processes.

Fortunately, false substrates and mimics such as glucose consumption in all proliferating (e.g.,
[*®F]fluorodeoxyglucose (24F]JFDG), which only marrow) and ‘working’ cells (e.g., brain,
partially enter the biochemical pathway of interestexercising muscle) can mask cancer cell activities
can be used to simplify data interpretation. Fulsuch as the phosphorylation of glucose. Although
validation of data from false and naturalradiolabelled glucose analogues would therefore
substrates, and mimics, is necessary to ensure tisgtem to be too universal for studies of cellular
images and parametric image data accuratelyetabolism in a pathological setting, the clinical
reflect the molecular process of interest and lead ®uccess of PET derives from $H]JFDG, which

an accurate clinical diagnosis. mimics the phosphorylation of glucose. (Wiebe,
In oncology, tumor cell growth, proliferation and 2001).

metastasis attract the greatest interest both for

diagnosis and therapy. These cellular processes axeicleosides and Nucleotides

energy dependent, and because glucose is a major

energy source, it is a logical substrate to use asNucleosides are glycosides formed through
marker of cell activity. The transmembranecovalent bonding between the anomeric (C-1)
transport and phosphorylation (metabolic trappinggarbon of the pentose sugars D-ribose or D-2-
of glucose are both energy consuming irdeoxyribose and either the N-1 nitrogen atom of
themselves, but more importantly, these processggrimidine or purine bases. The natural
combine to provide high uptake of the tracer, withbiological' nucleoside (sugar-base) bond has the
a strong concentration differential to blood,beta or ‘up’ configuration at C-1, relative to the
thereby producing a high contrast image that iplane of the sugar. The common bases in DNA are
easy to interpret. However, the universality ofadenine (A), guanine (G), thymine (T) and
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cytosine (C), linked to deoxyribose, and in RNA
are A, G, C and uracil (U), linked to ribose (Fig. 3).
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Figure 3 - The purine and pyrimidine nucleobases and sugagept in natural nucleic acids.

The development of radiopharmaceuticals foma bioisostere of thymidine, is due to its well-
cancer detection, cell proliferation measuremeninderstood  chemistry, biochemistry  and
and gene therapy monitoring has focused heavilgharmacology. Unfortunately, the 5-bromo-, 5-
on the pyrimidine nucleobases thymine and uraciiodo- and 5-astato- analogues all suffer from poor
Radiochemists first radiolabelled thymidine withuptake/reutilization (< 5 %) compared to
carbon-14 in the early 1950's, and this work washymidine (the natural substrate) as well as rapid
extended into diagnostic nuclear medicine with thend extensive catabolism. Numerous
synthesis of YC-methylthymidine in 1972 (radiolabelled) catabolites greatly complicate
(Christman et al, 1972). Although this isimage interpretation and add substantially to the
theoretically the ideal proliferation-imaging radiation burden in non-target tissues. The
radiotracer, its rapid and complex metabolisntadiotherapeutic potential of 5At]astato-2'-
mitigates against its routine use as a PETWeoxyuridine ¢-particle emitter) (Vaidyanathan et
radiotracer. A robust analytical model that clearal, 1996) and particularly 5%l]iodo-2'-

the way for the interpretation of'C]thymidine  deoxyuridine (Auger electron emitter) (Semnani et
PET data has been reported (Wells et al, 2002al, 2005) has prompted recent interest in these

2002b). thymidine analogues, but without innovative site-
specific delivery of appropriate formulations, these
Halothymidine analogues of thymidine compounds seem unlikely to find use as routine

The first reported radioiodinated analogues ofadiotherapeutic agents. 5-Halo-nucleosides and
thymidine were 5“f'lliodouridine (IUR (Prusoff selected properties are shown in Fig. 4.

et al, 1953) and 544Jiodo-2’-deoxyuridine Of the 5-halo-analogues of thymidine, 5-fluoro-2'-

(IUdR) (Prusoff 1959). Recurring interest in IUdR, deoxyuridine (FUdR) (Heidelberger et al, 1957,
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1983) is of special interest. Like its 5-haloof FUdR and the nucleobase fluorouracil (FU; Fig.
relatives, it is phosphorylated at C-5’ by thymidine5) which is used extensively in current
kinase to 5-fluorodeoxyuridylate (FDUMP), which chemotherapy of colorectal cancer (Lawes and
is not facilely inserted into DNA, but which is a Taylor 2005). {F]FU, first radiolabelled in 1973
strong inhibitor of thymidine synthase (TS)(Fowler et al, 1973), has been shown to have
(Danenberg et al, 1981). As a TS inhibitor,utility in the prediction of tumor susceptibility to
FUDMP prevents the methylation of uridylate toFU therapy (Dimitrakopoulou 1993;
thymidylate and hence exerts strong cellulaDimitrakopoulou-Strauss 1998) but surprisingly
toxicity by inducing thymidine starvation in this protocol is not used routinely to select and
treated cells (Langenbach et al, 1972). Althouglmonitor cancer therapy.

not selective for cancer cells, this mechanism is at

least partially responsible for the antitumor effects
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Figure 4 - Properties of C-5- substituted pyrimidine deoxyaasides; pm (atomic radius in
picometers), pKa (N-3 H acidity), LogP (partitiooefficient).

Thymidine analogues with modified/fluorine-  thio-2'-deoxyuridine ([**]ITdU)  (Fig.  5).
substituted ribose sugars [*M]ITdU is reported to be less susceptilite
Nucleoside analogues can also be constructed logtabolism than IUdR and readily incorporated
chemical alteration of the sugar moiety. Commorinto DNA in proliferatingtissuesn vivo (Toyohara
approaches include insertion of a heteroatom (e.get al, 2003).

F) in place of -H or -OH, insertion of -H in place

of —OH (deoxy sugars), inversion of configurationOther thymidine mimics

at a chiral carbon (e.g., C-2' or C-3’), replacemenReplacement of the base with a suitable
of the (deoxy)ribofuranosyl sugar altogether andpseudobase’, for example, replacing the thymine
adding a short-chain aliphatic chain in its place (emoiety with a 5-methyl-2,4-difluorophenyl- or
g., acyclovir; Elion, 1980), L-sugars, or isostyryl- groups has been used to produce
replacement of the ring oxygen atom by C or Schemically stable analogues (Al-Madhoun et al,
The sugar carbon atoms are numbered 1', 2, 3', 4004).

and 5' to distinguish them from the numbering ofSelected design options for thymidine analogues
the atoms of the purine and pyrimidine bases. = and mimics are depicted in Fig. 6.

An example of replacing the ring oxygen of theA full discussion of nucleoside analogues lies well
ribofuranose moiety by a heteroatom is providedeyond the scope of this review, but radiolabelled
in the design and radiolabeling of 5YJiodo-4'- nucleosides for gene therapy monitoring and cell
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proliferation  monitoring deserve additional

comment.
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Figure5 - Pyrimidine nucleosides for cell proliferation agehe therapy monitoring.
Monitoring gene therapy [**F]purine  nucleosides. This literature s

An effective strategy has been the insertion of -Eextensive, and interested readers are referred to
at C-2'. This invokes two stereochemistries, theseveral excellent reviews (Yaghoubi 2005;
‘up’ or arabino or the ‘down’ or ribo Haberkorn, 2005; Couturier, 2004).

configurations In the case of the C-2'-fluorinated

analogues of IUdR, this gives rise to 1-(2-deoxy-2Cell proliferation imaging
fluoroarabinofuranosyl)-5-iodo-uracil (FIAU) and 3'-Fluoro-3’-deoxythymidine (FLT) (Fig. 5),
1-(2-deoxy-2-fluororibo-furanosyl)-5-iodouracil  despite being today’s most popular cell
(FIRU), respectively. These molecules areproliferation imaging agent, has several
resistant to phosphorolysis (hydrolysis of thebiochemical shortcomings. It is incorporated into
nucleoside bond) and are poorly phosphorylate®BNA after phosphorylation, causing chain
by nuclear thymidine kinase. The first reportedermination (Langen et al, 1969) and it is cytotoxic
nucleosides for monitoring expression of thegMatthes 1988) due to its phosphorylation by both
herpes virus type-1 thymidine kinase (HSV-1 TK)Type-1 (nuclear) and Type-2 (mitochondrial)

gene were K)-1-(2-fluoro-2- thymidine kinases; e.g., it is only partially
deoxyarabinofuranosyl)-5-(2-iodovinyl)-uracil selective for nuclear thymidine kinase and
(IVFAU) and E)-1-(2-fluoro-2-deoxyribo- therefore sends a mixed message about replicative
furanosyl)-5-(2-iodovinyl)-uracil (IVFRU) DNA synthesis. Despite these limitations,

(lwashina et al, 1988; Balzarini et al, 1995) (Fig[*®F]JFLT (Shields et al 1998) has been validated
5). The C-5 iodo analogues FIAU (Tjuvajev et al(Grierson et al, 2004, Muzi et al, 2005) as a
1996) and FIRU (Tovell et al, 1988; Wiebe et al proliferation marker and is now widely accepted as
1999) are equally effective, and the radiolabellinga cell proliferation for PET (Been et al, 2004).

workup for the latter is simpler than for th€){6- Recent reviews are available (Mankoff et al, 2005;
(2-iodovinyl)- analogues because theColozza et al, 2005Nucleotidesare nucleosides

stereochemistry around the vinyl group is criticawith one or more phosphate groups covalently
to efficacy of the product. Care must be takerattached to the 3'- and/or 5’-hydroxyl group(s) of
while radioiodinating the precursor, to avoidthe sugar. Single nucleotides are generally not
forming the the Z)-isomer, which is inactive. useful as either drugs or radioimaging agents
Much of the more recent literature on HSV-1 TKbecause they are highly susceptible to
gene therapy imaging with PET has utilizedphosphorolysis in plasma and tissue, which
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converts them back to the non-phosphorylatedharacterized to date. For vivo use, nucleotide
nucleoside. Furthermore, both the mono-, di- andrugs and radiopharmaceutical, must be specially
tri-phosphate esters, and the phosphodiesters fifrmulated for facile entry into target cells.
polynucleotides carry negative charges aReaders interested in the formulation of
physiological pH, effectively precluding their oligonucleotides are referred to the extensive
diffusive passage across cell membranediterature (Park et al, 2004; Simeoni et al, 2005).
Nucleotide  transporters have not been

replace with N, §,
or substitution

alkyl, halo ¢
O

substitutio

alkyl or amide

substitution
E‘E‘\NH «
/& replace with S,

-
N O or substitution

esterification,
amidation,

phosphorylation, | —s HQO
phosphonation’

0]
phosphoamidatio o
alpha or betp
OH

‘'up' or 'down’ substitution with F, OH, H,
esterification / alkylation of -OH

Figure6 - Sites for chemical modification of pyrimidine neokides, using 2'deoxyuridine as a model.

Oligonucleotides and Nucleic Acids phosphodiester bonds. Thus, although antisense
oligonucleotides are possibly the best known

The nucleic acids deoxynucleic acid (DNA) andpharmacological’ class of oligonucleotides, oligos

ribonucleic acid (RNA), and oligonucleotides, areof remarkably similar chemical structure can have

polymers formed via 3>5' phosphodiester bonds remarkably different biochemical and
joining these monomeric nucleotides in specifiqgoharmacological properties. Several classes of
sequences. oligonucleotides are listed in Table 1.

These polymers are described chemically byA major impediment to thein vivo use of
listing the nucleotide sequence, using theligonucleotides is their facile degradation by
abbreviation for the nucleobase, starting at the firdtydrolytic enzymes (nucleases) in plasma and
nucleoside in the 3>5-phosphodiester bridge; cytoplasm. Enhanced stability has been achieved
thus, the fragment in Fig. 7 would be designatethrough selective chemical modification, including
d(TGCA), in which ‘d’ designates it as athe introduction of phosphorothioate and
deoxypolymer. methylphosphonate bridges, ribos®2-
All oligonucleotides, regardless of function, sharenethylation and replacement of the ribose sugar
one common trait: they are polymers ofitself, for example, with 2'-O, 4’-O-ethylene
nucleosides that are linked through—%' bridges (Koizumi, 2004).
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Table 1 - Oligonucleotides and their unique function or properties.

Oligonucleotide Function/property Radiopharmaceutical
Class References
Antisense - RNA bind to specific sequences of an mRNA of intetgai et al, 2004;
via Watson—Crick duplex formation to stop RNAewanjee et al, 1991,
translation 1994;
Roivainen et al, 2004;
Shi et al, 2000

Zhang et al, 2005;
Zheng et al, 2003a,b

Antisense - DNA complementary binding to targeted DNA to stbipatowich et al, 1995
DNA transcription
Aptamer recognize virtually any class of target moleculégarlton et al, 1997,
(mimic antibodies); highly labile in plasma Dougan et al, 2003;
Pestourie et al, 2005
Triplex-forming Sequence-specific binding to DNA Panyutin et al, 2003;
(TFO) Sedelnikova et al, 2002

Table 2 - Chemically-modified oligonucleotides: changeshe sugar/phosphate backbone.

Modified Main chemical change Radiopharmaceutical
oligonucleotide References

Morphilino morphilino moiety replaces ribose/deoxyribose tdu et al, 2002
oligonucleotide provide biochemical stability Mang'era et al, 2001
(MORF)

Phosphorothioate phosphorothioate substitutegifosphodiester bridge Hnatowich 1996
Polyamide nucleic amino acid linker provides biochemical stability. Lewis et al, 2002;
acid (PNA) Sun et al, 2005;

Tian et al, 2003;
Wilbur et al, 2005

Arabinose-20- fluorination at arabino C-2'-O- decreases suscdityib  Boisgard et al, 2005
fluorination (FANA) to hydrolysis by nucleases
Spiegelmer mirror image oligonucleotide through L-ribose/Boisgard et al, 2005

deoxyribose; recognize target enantiomers; bind to
nucleosides, amino acids or peptides with high
affinity; stable in biological fluids

The best example of the replacement approach iishibitors ofin vitro mRNA translation, in which
the introduction of morpholino replacements ofthe morpholino oligomer M-AS 2 caused

ribose,

creating oligonucleotides known assignificant inhibition of TNFe production by

morpholino nucleotides (MORFS) (Fig. 8) that aremacrophages at low (nM) intracellular
not only stable in the presence of nucleases, bgbncentrations (Taylor et al, 1996).

that also are uncharged and therefore easier 8piegelmersand polyamide nucleic acidéPNAs)
move across cell membranes (Summerton angre two of the many ‘backbone’ modifications
Weller, 1997). The biological utility of MORFS (linking the nucleosides) developed to circumvent
was demonstrated in a study of sequence-specifine limitations of natural oligonucleotides.
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Spiegelmers are oligonucleotides formed using L{Klussmann, 1996). Sugar modifications have also
ribose or L-deoxyribose. The resulting mirror-been introduced (Helmling et al, 2003). In PNAs

image L-DNA or

enzymatic

L-RNA
degradation,

is
and maintains

thare

replaced by aminoethylglycyl

insensitive to the phosphodiester linkages between nucleosides

linkages

principles of reciprocal chiral substrate specificity.(Neilsen 1991).

(Eulberg and Klussmann, 2003). Some molecular

engineering is required to create spiegelmers that

are selective for natural complimentary ligands

G 0—ﬁ—° o NH;
o ﬁN
o}
0=L—o o
C &
A

Figure 7 - 3'—>5-Phosphodiester bridges link nucleosides in riackeids. DNA, RNA and
oligonucleotides are members of this class of camgs. Bold letters designate the
nucleobase; the sequence is designated as theptdymycleotide d(TGCA).

PNAs are highly resistant tm vivo cleavage.
Interested readers are referred to several
excellent reviews for more detailed information
on oligonucleotide modifications, mechanisms
of action and their potential applications in
medicine (Urban and Noe, 2003; Buchini and
Leumann, 2003; Kurreck, 2003, Kaihatsu et al,
2004; Pellestor and Paulasova, 2004).

Oligonucleotidesin Nuclear Oncology

Radiopharmaceutical scientists have been
working with radioiodinated (Dewanjee et al,
1991) and metal-coordinated (Dewanjee et al,
1994; Hnatowich et al., 1995, 1996) antisense
oligonucleosides for over a decade. Both
Dewanjee (Dewanjee et al, 1999) and
Hnatowich (Hnatowich 1996) published early
reviews which compliment current literature
(Younes et al, 2002) on aspects of

oligonucleotide application in nuclear medicine.
The problem of biological instability and
transport across cell membranes has been
investigated using liposomal formulations of
%M c-labelled antisense oligonucleotides of c-
myc mRNA (Zheng et al, 2003a, 2003lr).vivo
imaging studies of atherosclerofaque and
restenosis using antisense evaluatedutitake
kinetics of radiolabeled oligonucleotides to the
messengeRNA (mMRNA) of proliferating cell
nucleus antigen (PCNA) in vasculamooth
muscle cells (VSMCs) (Zhang et al, 2005) and
intracellular mdrl mRNA expression detection
with radiolabeled antisense oligonucleotide
(ODN) (Bai et al, 2004) are representative of
recently reported antisense studies. *%Ga-
labelled antisense oligonucleotide has recently
been reported (Roivainen et al, 2004).
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The pioneering work of Dougan (Dougan et al,
1997), in which a radiolabeled nucleotide is
added onto the aptamers sequence has initiated
the development of aptamer
radiopharmaceuticals. A similar approach has
recently been reported for labeling a PNA
sequence, this time adding the pyrimidine base
iodouracil to the PNA chain (Wilbur et al,

o

D BASE
o==?-o o
LS
\
o=T—o—
PN
morphilino

ribose-2-O-methyl

455

2005). Tables 1 and 2 provide additional
information on progress towards the utilization
of oligonucleotides with a range of biochemical
and pharmacological properties and a selection
of the chemical derivative oligonucleotides
currently available.

BASE

phosphorothioate

o

fKNH

methylphosphonate

Figure 8 - The chemical structures of several backbone-netifligonucleotide analogues.

Summary

Nucleosides, nucleotides and nucleic acids play
a central role in cellular biochemistry. Their
chemically-modified analogues are important
tools in the development of an understanding of
cellular processes, and their radiolabelled
counterparts have the potential to assist in the
management of cancer and other diseases in the
context of diagnostic molecular imaging.

RESUMO

A tomografia por emissdo de positrons (TEP) &
uma técnica de imagem nao invasiva da
medicina nuclear. A TEP utiliza moléculas
marcadas com emissores de radiacdo beta
positiva (poésitrons). As radiac6es gama medidas
que resultam do aniquilamento dos pésitrons séo
detectadas por um sistema de coincidéncia e
mapeadas para produzir uma imagem
tridimensional da distribuicdo do radiotracador
no corpo. A imagem molecular com TEP refere-
se ao uso de biomoléculas marcadas com
emissor de positron que sdo substratos altamente
especificos para alvos como enzimas, proteinas
transportadoras ou receptores protéicos. A
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imagem molecular com TEP produz mapas

espaciais e temporais de alvos que estejam sendo

avaliados. A imagem molecular é uma
importante ferramenta analitica no diagndstico
por imagem em medicina, no monitoramento de
terapia e no desenvolvimento de novas drogas.
A imagem molecular tem seus fundamentos na
biologia molecular. Originalmente, a biologia
molecular significava a biologia da expressdo
génica, mas atualmente a biologia molecular
envolve  amplamente a  biologia de
macromoléculas, a bioquimica de proteinas,
carboidratos complexos e &cidos nucléicos. A
imagem molecular tem priorizado as proteinas,
com énfase nos anticorpos monoclonais e suas
formas derivadas, substratos enzimaticos para
pequenas moléculas e componentes de
membranas celulares, incluindo 0s
transportadores e elementos envolvidos com a
sinalizacdo trans-membrana.
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