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7 ABSTRACT

The present invention includes the selection and isolation of
thioaptamers that target the signaling protein TGF-p1, com-
positions of such thioaptamers and the use of such thio-
aptamers to either block or enhance signal transduction of
the TGF-f1 protein and thus function as, e.g., immuno-
modulatory agents. Thioaptamers may also be targeted alone
or in combination with other thioaptamers against the
ligand, the receptors, the ligand trap protein(s) and/or the
co-receptors to modulate TGF-f} signaling pathway.



Patent Application Publication Oct. 27,2005 Sheet 1 of 4 US 2005/0239134 Al

T2 7 @000 ~---- AAAGGAAACG-TGA-ATCGA--CACGT---C-ACCACA-~-
Ti12. 8  ----- AAGGGGACAG-GCA-ATGGA~ -CACGT---C-ACCACA---
T1l2 16 -TGGTCAAGG--CGG-GTA~CAGGA- -CACA------ ACGACA---
T9 5 00 eee---- GTGARAGT-GCA-ATGGATCCAGGA---C-CCCACA---
T9 6 0 -ee---- GTGGCAAG-GGA-ACCGATACGCGA~~-C-TCTCCA---
T9 10 = mem-e-meceoo- AG-GTC-AAGGA---ACAG---T-ACCAG----
T9 19 = e~m----- TGGAGAG-GCG-GGGAAGTCTATG~~-C-ACCACT-- -
T9 20 = ee--e-- GTGGATA -~ -GCA-GGGGAGTACAGG~~~-C-AACACCA- -
T12. 2 = ------ AAGGGAACA-GCA-~A-GGACAGACATG-~-T-CCCAC-~-=--
T12 6 = ~=c------ GTGACG-GGA-ATCGATGCACAGAG-C-CATACA--~
T2 4 2 ~------ ACGGGGCT-ATA-CTGTATCCACGG---C-ACCACC-~-
T9 13 meeemmmmmeee- CT-GTA-CAGGCTAGACT------- CGACC-~--~
T9 4 AGGAGAAGTGGCAAG-GCA-ACTGA--CAGT-~~---- CCA-----
T12 18 = -ese--- GGGTCAAG-G---ATCGATACAAGG---C-TCCATCCA-
T9 22 = ee-eeee- AGGCAGA-GCA-G-CGATTCAATGC--C-ACAACG---
T5 4 - ~--AGGGTAGCAGT-GCA-GTGCAGTGAAG------- CGACA---
T5 10 = eemeeem--- GGTAG-GCA-A-GGATCGACGTGAAC-TTCACCG- -
T5. 14 = cece---- GGTGAGG-GTACATGTA--CACATCGAC--TCACA~--
T2 11 @ @ ------ ATAGGAGGT-GCA--TGGA- -CACGGCGATGACCA=~ -~~~
T5.1 = = meeeee-ee--- CAG-GTA-~ - -GGCTAGGAGATTACATCGACACC-
TH 6 =  eeemememseae. AAG-CCTAGGGGAGTAATACAACGGGCAACG- - -
T9 17 = eee-eee- AGGTAAAA-GGCCTGGGTGTCAATG---T--CCACA-~~
T5 9 = eec-e- ATGGGGTGA-GTAGCTGTA--CAGCTAG--~--ACACA---
T9 11 = eeeme--- GGTGTAG-ACA--GGGAG-CAGTGCAGCTACCAG-~---
T9 12 @~ = eeeee-- GTGGAGAG-G-ACAGCGACGCTAT-==~~~~ CCA-----
T9 14 = e------ GTGAATGG-GCG-ATGTAGCCTTG= -~ -CCACGACA~---
T9 15 = -=--- GTGATACGAG-ACAAGCGTAGCCTCGA~~~-C~=CCR=====~
T9 18 = emmeemmmee-ea CAG-GGAGATACATGGCCGA-GATAGACACAG- -
T12.1 ~ -----e-e- GTGAAG-GGA-CTCGATACGCGA=---T-~-GCACATCC
55 = ee------ AGTGAAG-TT---GGCAGTGACTG- - -CATCGATGCA-~
58 000 ----- CAGTGGAGTA-TCGAGTAGAGCCTCG---~---- CCACA---
T2 9 = ~e-ee--- AGGTGAG-GTTCA-GTGTCCAATGTATC-CCCA-----
Ti2 15 = =  ------- AAGTTGAT-ATC-ATCGATGCAGGTA- - - -ACCGCC---
T9 9 00000 me-ee- AGGTTACAGTGGATATCGATACGCCAAG-~-~-CC---==--
T5 11 @~ = mee----- TGAAGAG-ATATAGCTGAGCAGAGAG- - -GTCAC-~---
T¢ 1 = meeee--- GTGACATGGANCTTGGGGTNGAGA-=--TGCCCA~« -~
T9. 3  e=ee-a- GTGGGCAGTGTC- - -GCGGTGATGT - - -CATCGACC-~- -

Figure 1
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COMBINATORIAL SELECTION OF
PHOSPHOROTHIOATE SINGLE-STRANDED DNA
APTAMERS FOR TGF-BETA-1 PROTEIN

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates in general to the field
of partially thio-modified aptamers or thioaptamers, and
more particularly, to thioaptamers for drug discovery, evalu-
ation and characterization of physiological pathways that
target TGF-{ and/or the TGF-f receptor and related proteins
and the development of therapeutic agents based thereon.

BACKGROUND OF THE INVENTION

[0002] This application is a continuation-in-part and
claims priority based on U.S. patent application Ser. No.
10/272,509, filed Oct. 16, 2002, which is a continuation-in-
part of U.S. patent application Ser. No. 09/425,798, filed
Oct. 25, 1999, now U.S. Pat. No. 6,423,493, which is a
continuation-in-part of U.S. patent application Ser. No.
09/425,804, filed Oct. 25, 1999, which is a continuation-in-
part of U.S. Provisional Application Ser. No. 60/105,600,
filed Oct. 26, 1998. This work was supported by the fol-
lowing United States grants: NIH A127744—Combinatorial
and rational design of aptamers targeting HIV, NHLBI
NO1-HV-28184—Proteomic Technologies to Study Airway
Inflammation; and NIAID U01 AI054827—Biodefense Pro-
teomics Collaboratory; the government may own certain
rights. Without limiting the scope of the invention, its
background is described in connection with oligonucleotide
agents and with methods for the isolation of modified
oligonucleotides that bind specifically to target proteins.

[0003] Virtually all organisms have nuclease enzymes that
degrade rapidly foreign DNA as an important in vivo
defense mechanism. The use, therefore, of normal oligo-
nucleotides or aptamers as diagnostic or therapeutic agents
in the presence of most bodily fluids or tissue samples is
generally precluded. It has been shown, however, that phos-
phoromonothioate or phosphorodithioate modifications of
the DNA backbone in oligonucleotides can impart both
nuclease resistance and enhance the affinity for target mol-
ecules, such as for example the transcriptional regulating
protein NF-kB. Therefore, there is a need in the art for
methods for generating aptamers that have enhanced binding
affinity for a target molecule, as well as retained specificity.
Also needed are ways to identify and quantify in detail the
mechanisms by which aptamers interact with target mol-
ecules.

[0004] Synthetic phosphodiester-modified oligonucle-
otides such as phosphorothioate oligonucleotide (S-ODN)
and phosphorodithioate oligonucleotide (S,-ODN) ana-
logues have increased nuclease resistance and may bind to
proteins with enhanced affinity. Unfortunately, ODNs pos-
sessing high fractions of phosphorothioate or phospho-
rodithioate linkages may lose some of their specificity and
are “stickier” towards proteins in general than normal phos-
phate esters, an effect often attributed to non-specific inter-
actions. The recognition of nucleic acid sequences by pro-
teins involves specific side-chain and backbone interactions
with both the nucleic acid bases as well as the phosphate
ester backbone, effects which may be disrupted by the
non-specific interactions caused with S-ODN and S,-ODN
analogues.
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[0005] Other advances in combinatorial chemistry allow
construction and screening of large random sequence
nucleic acid “aptamer” libraries (c.g., Ellington, A. D. and
Szostak, J. W. (1990)); targeting proteins (e.g., Bock, L. C,,
et al, (1992)); and other molecules (Koizumi, M. and
Breaker, R. R. (2000); Gold, L., et al. (1997); and Ye, X., et
al. (1996)). Such antisense phosphorothioate oligonucle-
otides have been used to study the role of TGF-f in such
tumors and such antisense agents have been proposed as
immunostimulants of T-cell production for treatment of
gliomas, acting via inhibition of TGF-f expression (Jachim-
czak, et al., 1991; Jachimczak, et al., 1993; Jachimczak, et
al., 1995; Jachimczak, et al., 1996).

[0006] U.S. Pat. No. 6,455,689, issued to Biognostik
Gesellschaft fur Biomolekulare Diagnostik, teaches specific
compositions of such antisense phosphorothioates devel-
oped by the Jachimczak/Bogdahn group. Another patent
application by the same group (U.S. Patent Application No.
20030040499) shows the use of such antisense phospho-
rothioates to stimulate T-cell production in the treatment of
breast cancer, neurofibromas and malignant gliomas. For
example, AntiSense Pharma began a Phase I/II clinical trial
of these TGF-f antisense phosphorothioate oligonucleotides
in Germany in late 2000. Initial data indicates satisfactory
safety and clinical efficacy in to blocking TGF-p2 expres-
sion in patients with malignant glioma (Hau, et al., 2002).

[0007] Antisense gene therapy based on a plasmid vector
expressing unmodified antisense oligonucleotide specific to
TGF-p2 was used to block TGF-f3 immunosuppression and
increase survival in a rat 9L gliosarcoma model (Fakhrai, et
al., 1996). A series of patents teaching the use of TGF-p
antisense gene therapy have issued to the Sidney Kimmel
Cancer Center of San Diego (U.S. Pat. Nos. 5,772,995;
6,120,763; and 6,447,769). NovaRx Corp. is conducting
currently a Phase II clinical trial of the TGF-P2 antisense
gene therapy, in patients with lung cancer.

[0008] Whereas both antisense phosphorothioate oligo-
nucleotides and gene therapy expressing antisense unmodi-
fied oligonucleotides modulate TGF-f activity by blocking
gene expression of the TGF-f protein, alternative
approaches in which TGF-f} activity is modulated following
TGF-B expression are also under study. Design studies on
synthetic peptide antagonists to the TGF-p cell surface
receptors have shown that linear peptide analogs of the
amino acids 83-112 C-terminal binding region of the TGF-f3
ligand failed to bind to TP receptors, whereas the introduc-
tion of a disulfide bridge so as to constrain conformationally
the peptides to a configuration similar to that of the native
configuration of TGF-f1 and TGF-p2, yielded peptide bind-
ing to the non-signaling co-receptor TPREII and to the
extracellular matrix protein/ligand trap decorin, which is
known to bind to and inhibit activity of TGF-f. Thus, the
constrained peptide may act on two signaling pathway steps
to reduce TGF-§ signaling. The peptides that were con-
strained conformationally failed to bind to the signaling TP
RII receptor (Roswell Park Cancer Institute website, 2003).

[0009] Yet other small molecule inhibitors have been
designed to block T receptors (Scios website, 2003) and
small molecule (synthetic triterpenoids) enhancers of TGF-p
signaling acting by increasing expression of Tf type II
receptor are also under study (Suh, et al., 2003). It was found
that while the amount of TGF-p in extracellular fluid was
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increasing constantly due to increased secretion in diseased
cells, the number of cells and receptors did not increase at
a similar rate, and thus an inhibitor to a receptor may allow
use of small amounts of therapeutic inhibitor agents.

[0010] Another approach is the use of a “soluble TRRII
receptor” (actually a co-receptor) in which a chimeric IgG
containing the extracellular portion of TPRII has been
shown to control hepatic fibrosis in a rat liver injury model
(George, et al., 1999), presumably by binding to and inhib-
iting TGF-f activity. Recombinant TPRII, the core protein/
ligand trap (decorin) of a TGF-p binding proteoglycan and
anti-TGF-p antibody have all been demonstrated to reduce
lung fibrosis in a bleomycin-induced animal model (Wang,
et al., 1999). The recombinant TPRII “soluble receptor” was
thus proposed as a treatment for fibrotic diseases for which
overexpression of TGF-p has been associated with excess
collagen accumulation. U.S. Pat. No. 6,086,867, issued to
the Whitehead Institute, discloses modulation of TGF-f by
soluble TP type III (betaglycan co-receptor) polypeptides.

[0011] Another approach is to use a recombinant prepa-
ration of the ligand binding trap protein LAP (expressed in
baculovirus), which has been demonstrated in vivo to inhibit
activity of all three TGF-p isoforms and to inhibit activity of
TGF-p1 in transgenic mice with elevated TGF-p1 levels
(Bottinger, 1996). Antibody modulation of a novel protein
(STRAP) that acts immediately downstream of the TP
receptor has also been studied as a means of modulating
TGF-p signaling (Vanderbilt University website, 2003). Use
of anti-TGF-f2 monoclonal antibodies to prevent post-
operative scarring after glaucoma surgery was the subject of
a Phase II clinical trial co-sponsored by Genzyme and
Cambridge Antibody Technologies (CAT). The use of anti-
TGF-p1 monoclonal antibody as a treatment for diffuse
scleroderma, was the subject of a Phase I/II clinical trial that
was completed successfully by Genzyme and CAT. An
initial clinical trial of the use of anti-TGF- monoclonal
antibodies as a treatment for idiopathic pulmonary fibrosis
has been projected to begin in late 2003 by Genzyme and
CAT.

[0012] U.S. Pat. No. 6,201,108, issued to the Whitehead
Institute, discloses use of antibodies to TP type II and type
III receptors for modulation of TGF-f} activity. U.S. Pat. No.
5,662,904, issued to the Victoria University of Manchester,
teaches anti-scarring by treatment of wounds with inhibitors
to fibrotic growth factors such as TGF-p1 and TGF-p2, in
which a wide range of inhibitors were used, e.g., antibodies
to the growth factors, molecules binding the growth factor
(e.g., decorin) to block ligand access to its receptors, anti-
sense oligonucleotides and ribozymes binding growth factor
mRNA and preventing its translation and soluble forms of
the growth factor’s receptors or binding domains of the
receptors.

[0013] Yet another patent in this area includes U.S. Pat.
No. 6,509,318, issued to the U. of California that discloses
a family of hexapeptides, which are potent inhibitors of
TGF-p1 activity. N- and C-terminal blocking groups were
used to confer resistance to enzymatic degradation, and
unnatural amino acids, e.g., N-methylalanine in place of
alanine, were used to prevent premature renal clearance.
Clinical use of the small peptides was cited as advantageous
over antibodies and soluble receptors in that the antibodies
and receptors are large proteins which are difficult to admin-
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ister and deliver and can cause immune responses. In
addition, the large amounts of TGF-f1 secreted in cancers
require large amounts of neutralizing antibodies, exacerbat-
ing these problems. The approaches described hereinabove
target either, TGF-f} and TGF-p-related genes using anti-
sense oligonucleotides or use proteins (antibodies and TGF
fragments) targeted against different components of the
TGF-f signaling pathway. These approaches, however, have
failed to provide the specificity, half-life and lack of (or
reduced) immunogenicity necessary for modulation of
TGF-p signaling necessary to affect a wide variety of disease
conditions.

SUMMARY OF THE INVENTION

[0014] The present invention includes the selection and
isolation of thioaptamers that target the signaling protein
TGF-p1, compositions of such thioaptamers and the use of
such thioaptamers to either block or enhance signal trans-
duction of the TGF-p protein and thus function as, e.g,,
immunomodulatory agents. TGF-f is a multifunctional
immunosuppressive cytokine, acting through both autocrine
and paracrine mechanisms. TGF-f signaling controls a wide
range of cell cycle processes including cell proliferation,
recognition, differentiation and apoptosis. TGF-§ is also
involved in wound healing, metastasis, angiogenesis and
immunosuppression.

[0015] In accordance with one embodiment of the present
invention, the target molecule or portion thereof is TGF-f.
In accordance with another embodiment of the present
invention, the thioaptamer is selected to bind different
isoforms of TGF-f or constituents thereof. In yet another
embodiment of the present invention, the aptamer is selected
to bind TGF-f, or constituents thereof, and wherein at least
one nucleotide is an achiral thiophosphate or a dithiophos-
phate. In yet another embodiment of the present invention,
the aptamer is selected to bind TGF-f, TGF-f} receptors,
co-receptors, downstream activators, enhancers or repres-
sors and/or constituents thereof and wherein at least one
nucleotide is an achiral thiophosphate or a dithiophosphate.

[0016] In yet another embodiment of the present inven-
tion, between 1 and 6 of the phosphate sites of the modified
nucleotide aptamer are dithiophosphates. In another embodi-
ment of the present invention, the modified nucleotide
aptamer includes 6 to 12 dithioate linkages. In one embodi-
ment of the invention, the thioaptamers further includes a
detectable label. The detection method may include, e.g,,
colorimetric, chemiluminescent, fluorescent, radioactive,
mass spectrometric, capacitance coupled electrical, Biacor
or combinations thereof and the detectable label will be
selected in accordance therewith. The present invention also
includes aptamer and thioaptamer libraries containing mul-
tiple different but related members. In one embodiment of
the present invention, the substrate for the library may be,
e.g., beads, membranes, glass and combinations thereof. The
substrate may even be a microarray of beads or other
substrates.

[0017] The present invention includes a partially thio-
modified aptamer (or thioaptamer) that binds to a TGF-beta
protein, e.g., a human TGF-beta, which may be a TGF-beta
dimer, a homodimer, a TGF-beta homodimer of TGF-beta 1,
2 or 3 homodimer of even a TGFbeta 1, 2 or 3 heterodimer.
The partially thio-modified aptamer may include one or
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more thio-modifications as set forth in SEQ ID NOS: 4-22,
and may be achiral. The thioaptamer may also include, ¢.g.,
a detectable label. Examples of detectable labels include,
e.g., colorimetric, fluorescent, radioactive and/or enzymatic
labels or agents. For use in vivo, ex vivo or in vitro, the
thioaptamer may be dispersed or even lyophilized in one or
more pharmaceutically acceptable salts. When provided
along with one or more pharmaceutically acceptable salts,
one or more pharmaceutically acceptable diluents may also
be provided.

[0018] In another embodiment, the present invention
includes a partially thio-modified aptamer that binds to a
TGF-beta receptor. The TGF-beta receptor may be a signal-
ing receptor andf/or a co-receptor. In one example, the
TGF-beta signaling receptor may be a human TGF-beta
signaling receptor. Examples of TGF-beta signaling receptor
include: ThetaRI and/or a ThetaRII receptor and may target,
e.g., the GS domain of a ThetaRI receptor. Another target for
the thioaptamers of the present invention includes the co-
receptor TGF-beta 3.

[0019] In yet another embodiment, the partially thio-
modified aptamer binds to a ligand-receptor complex that
includes a TGF-beta ligand and a receptor, €.g., a ThetaRI
and a ThetaRII receptors. A partially thio-modified aptamer
may also be provided that binds to a ligand binding trap that
traps TGF-beta ligands, e.g., the ligand binding trap targeted
may be one of more of the following proteins: decorin,
latency-associated protein (LAP) or alpha-macroglobulin.
The partially thio-modified aptamers of the present inven-
tion may also bind to an auxiliary protein that promotes
binding of TGF-beta ligand to Theta signaling receptors,
e.g., the auxiliary protein may be a SARA protein. Alterna-
tively, the partially thio-modified aptamer may bind to a
Smad protein, ¢.g., the Smad protein may be an R-Smad, a
Co-Smad, an I-Smad or combinations thereof.

[0020] In one specific embodiment, the partially thio-
modified aptamer binds to a TGF-beta protein complex and
enhances TGF-beta activity, e.g., by binding to a binding site
on the TGF-beta protein complex that includes a region of
a ligand binding trap protein or even an inhibitory I-Smad.
Conversely, the partially thio-modified aptamer may binds a
TGF-beta protein complex and inhibits TGF-beta activity,
e.g., a binding site on the TGF-beta protein complex that
includes a region of an R-Smad or a Co-Smad. In this
embodiment, the partially modified thioaptamer inhibits
TGF-beta activity by binding to a TGF-beta ligand, a
TGF-beta ligand-Theta receptor complex, a TGF-beta sig-
naling receptor and co-receptor, to an R-Smad or a Co-
Smad. Alternatively, the partially modified thioaptamer may
modify TGF-beta activity by binding to a TGF-beta ligand,
a TGF-beta ligand-Theta receptor complex, a TGF-beta
signaling receptor and co-receptor, to an R-Smad or a
Co-Smad.

[0021] According to one embodiment of the present inven-
tion, the partially-modified nucleotide aptamer (“thio-
aptamer”) may include one or more, but not all the backbone
links as phosphoromonothioate or phosphorodithioate
(“phosphorothioates”) and may be DNA or RNA. Examples
of the modifications include: dATP(aS), dTTP(aS),
dCTP(aS) and/or dGTP(aS), dATP(aS,), dTTP(asS,),
dCTP(aS,) and/or dGTP(aS,), mixtures and combinations
thereof in which a combination of the sequence and selected
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modifications bind specifically to TGF-f. When in the form
of RNA, the RNA thioaptamer is modified accordingly in the
backbone and the bases. In another embodiment of the
present invention, no more than three adjacent phosphate
sites of the modified nucleotide aptamer are replaced with
phosphorothioate groups. In yet another embodiment of the
present invention, at least a portion of non-adjacent dA, dC,
dG, or dT phosphate sites of the modified nucleotide
aptamer are replaced with phosphorothioate groups. In yet
another embodiment of the present invention, all of the
non-adjacent dA, dC, dG, or dT phosphate sites of the
modified nucleotide aptamer are replaced with phospho-
rothioate groups. In yet another embodiment of the present
invention, all of the non-adjacent dA, dC, dG, and dT
phosphate sites of the modified nucleotide aptamer are
replaced with phosphorothioate groups. In still another
embodiment of the present invention, substantially all non-
adjacent phosphate sites of the modified nucleotide aptamer
are replaced with phosphorothioate groups.

[0022] TGF-f has proliferative and non-proliferative
effects on cells. TGF-§ enhances the proliferation of certain
cell types, such as osteoblasts and Schwann cells of the
peripheral nervous system. TGF-f3 inhibits the proliferation
of several types of cells, including capillary endothelial cells
and smooth muscle cells, either by blocking cell cycle
progress in the G, phase or by stimulating apoptosis, and can
also alter differentiation of cells. TGF-f down regulates
integrin expression involved in endothelial cell migration
and also induces plasminogen activator inhibitors, which
inhibit a proteinase cascade needed for angiogenesis and
metastasis. TGF-f induces normal cells to inhibit trans-
formed cells. TGF-f inhibition of cell proliferation may act
as a regulatory mechanism to check the regeneration of
certain tissue and may play a role in the initiation of
carcinogenesis.

[0023] Alteration of normal TGF-§ function is associated
with the pathogenesis of a wide range of proliferative and
inflammatory diseases. Increased TGF-§ activity is impli-
cated in many pathological conditions, including: fibrosis,
scarring and adhesion during wound healing; fibrotic dis-
eases of the lung, liver and kidney; atherosclerosis and
arteriosclerosis; certain cancers such as gliomas, colon can-
cer, prostate cancer, breast cancer, neurofibromas, lung
cancer; angiopathy, vasculopathy, nephropathy; systemic
sclerosis; viral infections accompanied by immune suppres-
sion (HIV, HCV, CMV); and immunological disorders and
deficiencies (auto-immune discases).

[0024] Human TGF-f exists in either of three isoforms,
TGF-p1, TGF-p2, and TGF-p3. Binding of TGF-p to cell
surface receptors (TPRI and TRRII signaling receptors and
the TRRIII co-receptor) initiates intracellular signaling lead-
ing to changes in the activity of gene regulatory proteins
called Smads, which results in transcriptional activation of
genes encoding regulators of cell division and cell death.

[0025] The thicaptamers of the present invention may
target, e.g., TGF-f1 that has 390 amino acids, TGF-p2 that
has 414 amino acids and/or TGF-f3 that has 410 amino
acids. The isoforms share 70% amino acid identity and are
coded by three distinct genes (Salzman, et al., 2002). Studies
in Drosophila indicate that the promoter regions of the genes
encoding the TGF-f isoforms had little sequence similarity
and that the transcription factor Sp1 stimulated both TGF-1
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and TGF-f3 but not TGF-B2 (Geiser, et al., 1993). Structural
differences between the TGF-pf1 and TGF-p2 have been
demonstrated based on NMR and X-ray studies (Hinck, et
al., 1996).

[0026] Early studies indicated that the TGF-f isoforms
exerted the same effects on immune cells in vitro (Schluess-
ner, et al., 1990). Later studies showed that whereas many
cell types respond equivalently to the isoforms, certain cell
types respond selectively and the isoforms have differential
activity towards binding proteins and cell surface receptors.
TGF-pf1 is a more potent inhibitor of colorectal cancer
growth than is TGF-B2 (Burmester, et al., 1993). Whereas at
low concentrations, the isoforms stimulate CSF-induced
human myelopoiesis, at high concentrations only TGF-f2 is
stimulatory and both TGF-f1 and TGF-f3 are inhibitory
(Salzman, et al., 2002). These results are consistent with the
finding that TGF-B1 and TGF-f3 have much higher binding
affinity to the TPRII receptor than does TGF-B2 (Qian, et al.,
1996). The isoforms have also been shown to exhibit dif-
ferent binding affinities to the TPRI receptor and similar
binding affinities to the TRRIII co-receptor (Boyd and Mas-
sague, 1989).

[0027] TGF-B2 has a 10-fold greater binding affinity for
the binding protein (ligand trap) a2-macroglobulin than
does TGF-B1 (Burmester, et al., 1993) and also binds with
higher affinity to a glycosyl phosphatidylinositol (GPI)-
linked binding protein that is expressed on the surface of
vascular endothelial cells (Qian, et al., 1999). TGF-1, but
not TGF-f2, binds to endoglin, a cell surface protein abun-
dant in endothelial cells (Qian, et al., 1999). At least three
different functional domains of the TGF-f molecule have
been shown, in these studies, to be modulators of TGF-f
interaction with binding proteins-amino acids 40-68 domain
modulating interaction with endoglin, amino acids 92-98
domain modulating interaction with GPI-linked binding
protein and amino acids 4047 domain modulating interac-
tion with -2 macroglobulin.

[0028] The high specificity of the combinatorial selection
process for thioaptamers and its ability to select thioaptam-
ers specific to any target protein is demonstrated herein. The
thioaptamers of the present invention target differentially,
e.g., TGF-p1 relative to the other TGF-p isoforms. Specific
isoform targeting allows in vitro and in vivo study of the
potential differential effects of the TGF-p isoforms and the
further development of isoform-specific therapeutic agents.
The high specificity of the combinatorial selection process
for thioaptamers also vields thioaptamers that target differ-
entially the TP receptors, thereby allowing in vitro and in
vivo study of the role of the different Tf receptors in the
TGF-p signaling pathway.

[0029] The thioaptamers of the present invention may also
target the various TGF-f receptors and combinations
thereof. The human receptor serine/threonine kinase family
includes twelve members—seven type I and five type II
receptors—all of which are dedicated to TGF-i signaling
(Manning, et al., 2002). Both receptor types have approxi-
mately 500 amino acids organized sequentially into an
N-terminal extracellular ligand binding domain, a trans-
membrane region and a C-terminal serine/threonine kinase
domain.

[0030] The cognate TGF-{ ligand initiates signaling by
binding to and bringing together type I and type II receptor
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serine/threonine kinases on the cell surface, thus forming an
“active receptor signaling complex,” which allows the type
IT receptor to phosphorylate the type I receptor kinase
domain and which propagates the signal by directly phos-
phorylating the “receptor-regulated” R-Smad proteins
(Smads 2, 3 involved in TGF-§ subfamily signaling and
Smads 1, 5 and 8 involved in BMP subfamily signaling).
Once activated, the R-Smads undergo homotrimerization
and form a heteromeric complex with the Co-Smad (Smad
4). The R-Smad-Co-Smad complex translocates to the
nucleus of the cell, and in conjunction with other nuclear
factors, regulates the transcription of genes. The inhibitory
I-Smads (Smads 6, 7) may regulate negatively TGF-f sig-
naling by competing with R-Smads for either receptor or
Co-Smad interaction and/or by targeting the receptors for
ubiquitination and degradation. The aptamers and thio-
aptamers of the present invention may be used alone or in
combination, e.g., by providing two or more thioaptamers
that are specific for the TGF-p ligand and/or its receptors
and/or inhibitors to provide combination thioaptamer
therapy.

[0031] The active form of the TGF-f ligand 1s a dimer,
stabilized by hydrophobic interactions, which in most cases
are further strengthened by an intersubunit disulfide bridge.
Each monomer includes several extended beta strands inter-
locked by conserved disulfide bonds to form a tight structure
called a “cysteine knot” (Sun and Davies, 1995). The
dimeric arrangement of the TGF-f ligand suggests forma-
tion of a complex with two type I and two type I receptors,
with ligand access to the receptors regulated by a family of
soluble proteins known as ligand binding traps, which can
block the ligand surfaces required to bind to the receptors.
Ligand traps of TGF-f include the proteoglycan decorin, the
circulating protein -2 macroglobulin and the proregion of
the TGF-p precursor known as “latency-associated polypep-
tide” or LAP (Bottinger, et al, 1996; Shi, et al, 2003).
Thioaptamers that bind selectively to specific ligand trap
proteins may be used to study the role of the different ligand
traps in regulating TGF-§ signaling and the effects of
short-circuiting the regulatory role of such ligand traps (thus
enhancing TGF-f signaling).

[0032] TGF-f ligands exhibit high affinity for the type 11
receptors and do not interact with isolated type I receptors.
Thus, the TGF-p ligand first binds tightly to the ectodomain
of the type Il receptor and following that, the type I receptor
is incorporated into a ligand-receptor complex that includes
a TGF-f ligand dimer and four receptor molecules. Struc-
tural analysis of the complex between TGF-f3 and TRRII
receptor indicates that binding occurs at the far ends (“fin-
gertips”) of the elongated TGF-f ligand dimer (Hart, et al.,
2002). Each receptor binds to one monomer of the 33 dimer,
creating two symmetrically positioned concave surfaces,
postulated to act as the binding sites for the type 1 receptor.
The present invention includes the selection of thioaptamers
that bind to different regions of the TGF-f ligand-receptor
complex that either reduce or increase TOF-f} signaling.

[0033] Two alternative models have been proposed to
explain how binding of the TGF-f ligand to its type II
receptor induces incorporation of the type I receptor into the
complex. In one model, the large conformational change in
the ligand due to binding to its type II receptor exposes the
ligand’s binding epitope to the type I receptor. In the other
model, the type I receptor interacts with the extended surface
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of the ligand-type II receptor complex (Shi, et al., 2003). The
present invention is not constrained or limited in any way by
or to any such model.

[0034] The type I receptor, but not the type II, contains a
characteristic SGSGSG sequence, the “GS domain,” imme-
diately N-terminal to the kinase domain. The type II receptor
phosphorylates multiple serine and threonine residues of the
type I GS domain, thereby activating type 1. Thus, the GS
domain of the type I receptor serves as an important regu-
latory domain for TGF-beta signaling. As such, the GS
domain of the type I receptor is a candidate for thioaptamer
targeting, to facilitate study of its role in TGF-3 signaling.
For example, the immunophilin FKBP12 was shown to
inhibit TGF-f signaling by binding to the unphosphorylated
GS domain of type I receptor (Huse, et al., 1999), so that it
cannot interact with its downstream target, the R-Smad
proteins.

[0035] Access of TGF-f ligands to their receptors is
controlled by two classes of molecules, the ligand binding
traps and the co-receptors. The ligand binding traps are
soluble proteins that bind to the TGF-f ligand and bar its
access to membrane receptors. The ligand trap protein
decorin binds strongly to TGF-f (Yamaguchi, et al., 1990).
In another embodiment of the present invention, thioaptam-
ers may be targeted against the ligand trap proteins to
modulate TGF-§ signaling pathway. The co-receptors are
membrane-anchored proteins that promote ligand binding to
the signaling receptors. For example, betaglycan, also
known as the TGF-p type III receptor, mediates TGF-f3
binding to the type H receptor, a role which is critical for
TGF-B2 signaling (Massague, et al., 1998). Thioaptamers
may also be targeted alone or in combination with other
thioaptamers against the ligand, the receptors, the ligand trap
protein(s) and/or the co-receptors to modulate TGF-f sig-
naling pathway.

[0036] The recognition of R-Smads by the TGF-f recep-
tors is facilitated by auxiliary proteins. For example, the
R-Smads 2 and 3 can be immobilized specifically near the
cell surface by the “Smad anchor for receptor activation,” or
SARA protein (T. Tsukazaki, et al., 1998) through interac-
tions between the SARA sequence and an extended hydro-
phobic surface area on the Smad (G. Wu, et al., 2000). The
interactions allow for more efficient recruitment of the
Smads to the receptors for phosphorylation. The SARA
protein is thus another viable thioaptamer target for study of
the TGF-p signaling pathway.

[0037] Many somatic and hereditary disorders result from
mutations or malfunctions in the TGF-f pathway (Mas-
sague, et al., 2000). For example, inactivating mutations in
the TRRII receptor gene occur in most human colorectal and
gastric carcinomas (Markowitz, et al., 1995), including
hereditary nonpolyposis colon cancer (Akiyama, et al,
1997) and inactivating mutations in the TBRI receptor have
been detected in a third of ovarian cancers (Wang, et al,
2000) and in metastatic breast cancers (Chen, et al., 1998).
Deletions in the gene for the TPRI receptor have been found
at low frequency in pancreatic cancers (Goggins, et al.,
1998) and in cutaneous T-cell lymphoma (Schiemann, et al.,
1999).

[0038] The high binding affinity and selectivity of partially
thioated thioaptamers and their nuclease resistance may be
used to reduce or enhance TGF-f3 signaling by selection of
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thioaptamers binding to a variety of targets—(1) the TGF-f
ligand itself (or to a specific isoform of the TGF-f ligand);
(2) the ligand-receptor complex; (3) either of the T recep-
tors (type I or type II), including specific regions of a
receptor such as the GS domain of the type I receptor; (4)
either of the ligand traps known to regulate ligand access to
the receptors; (5) co-receptors known to enhance ligand-
receptor binding, such as the Tf type III receptor, betagly-
can; (6) auxiliary proteins such as the SARA protein, which
enhance R-Smad activation by receptors; (7) R-Smads; (8)
Co-Smads; (9) R-Smad-Co-Smad complexes; and/or (10)
I-Smads. Enhancement of TGF-f signaling may be possible
through binding of selective thioaptamers to the ligand-
receptor complex, to ligand traps or to I-Smads. The thio-
aptamers found to be most effective in modulating TGF-f
signaling can then be tested on in vivo animal models and
candidates then selected for potential use as therapeutic
agents in diseases involving TGF-f over-expression or
under-expression.

[0039] The present invention also includes a method of
inhibiting TGF-f activity that includes the step of providing
to a host in need of therapy a pharmaceutically effective
amount of a thioaptamer that specifically binds to and
inhibits TGF-p activity. The thioaptamer is provided to a
host in order to ameliorate the effects of, e.g., fibrosis,
scarring and adhesion during wound healing; fibrotic dis-
eases of the lung, liver and kidney; atherosclerosis, arterio-
sclerosis; cancers including gliomas, colon cancer, prostate
cancer, breast cancer, neurofibromas, lung cancer; angiopa-
thy, vasculopathy, nephropathy; systemic sclerosis; viral
infections accompanied by immune suppression (HIV,
HCV), and immunological disorders and deficiencies (auto-
immune diseases).

[0040] The present invention also includes a method of
quantitating TGF-p levels in a sample by contacting a
sample with a TGF-p-specific thioaptamer. In this embodi-
ment, the sample may be, e.g., a physiological sample, i.e.,
blood, tissue, cells (e.g., cells from a biopsy, lavage, swab),
supernatant or media in which cells have been dispersed
and/or cultures. To modulate TGF-f signaling the user may
administer to a host a TGF-f specific thioaptamer that
modulates the activity through the TGF-f receptor in a
dosage effective to reduce activity of the TGF-§. Modifica-
tion of TGF- signaling includes, ¢.g., increasing or decreas-
ing activity, depending on the effect desired. Up or down
regulation may be by providing a cell, tissue or host with a
thioaptamer selected from the group consisting of SEQ ID
NOS.: 4-22. As such, the present invention includes a
method of treating a pathological condition due to increased
TGF-f activity that includes the steps of, e.g., administering
to a host an effective dosage of a thioaptamer that modulates
TGF-p, e.g., the thioaptamer binds to TGF-f§, the TGF-f
receptor, a TGF-f auxiliary protein, a TGF-f ligand binding
trap protein and/or a Smad protein. The thioaptamer may
modulate activity through the TGF-f3, receptor by increasing
or decreasing activity.

[0041] The thioaptamer of the present invention may be
provided through a variety of routes, e.g., ip, iv, sc, im,
orally, etc. For some uses, the TGF-§ specific thioaptamer
may be, e.g., encapsulated, powdered, in aqueous or other
solution, tableted, etc. When provided in a capsule, e.g., the
capsule may be degradable by an external stimulus to release
the TGF-p specific thioaptamer, e.g., by exposing the cap-
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sule to, e.g., UV light, acid, water, in vivo enzymes, ultra-
sound and/or heat. The TGF-f specific thioaptamer may also
be bound, covalently or non-covalently a binding molecule.
When the TGF-f, specific thioaptamer is bound to a binding
molecule the binding molecule may be detached by one or
more of the external stimuli described hereinabove to pro-
vide, ¢.g., a host with the TGF-p, specific thioaptamer at a
specific location.

[0042] As such, the thioaptamer of the present invention
may also be used in a method of treating a pathological
condition in which increased TGF-f activity has been impli-
cated by administering to a host a TGF-f specific thio-
aptamer in a pharmaceutically acceptable carrier at a dosage
effective to reduce TGF-f activity. The pharmaceutically
acceptable carrier may be, e.g., a cream, gel, aerosol and
powder for internal or external application, e.g., topical
application. The pharmaceutically acceptable carrier may
be, e.g., a sterile solution for injection, irrigation and even
inhalation.

[0043] To reduce scarring, e.g., the thioaptamer may be
provided in a pharmaceutically acceptable carrier that
includes a sterile dressing for topically covering a wound.
Examples of pharmaceutically acceptable carriers include
biocompatible: biopolymers and/or biodegradable polymers
for implanting within or about a wound. In some specific
embodiments, the thioaptamer may be provided along with
one or more growth factors. The thioaptamer may also be
used in a method of modulating TGF-f signaling by admin-
istering to a host a TGF-f ligand binding trap specific
thioaptamer that modulates the activity through the TGF-f
receptor in a dosage effective to reduce activity of the
TGF-p. The method of modulating TGF-f3 signaling may be
by administering to a host a TGF-f auxiliary protein specific
thioaptamer that modulates the activity through the TGF-f
receptor in a dosage effective to reduce activity of the TGF-f3
or even a method of modulating TGF-B3 signaling by
administering to a host a TGF-f Smad protein specific
thioaptamer that modulates the activity through the TGF-p3
receptor in a dosage effective to reduce activity of the
TGF-p.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] For a more complete understanding of the features
and advantages of the present invention, reference is now
made to the detailed description of the invention along with
the accompanying figures and in which:

[0045] FIG. 1 is a Clustal W (1.8) alignment of sequences
of clones isolated during the selection of thioaptamer bind-
ing TGF-B1 (through 12' round of selection);

[0046] FIG. 2 is a predicted secondary structures of high-
est affinity (to TGF-B1) thioapter clones of rounds 5,9,12
(thioaptamers T5_ 14, T9_5, T12_8);

[0047] FIGS.3a,3b,3c and 34 are gels of electromobility
shift assays of the initial library (3a) and of thioaptamer
candidates T5_ 14, T9_5 and T9_ 22 (3b, 3c, 3d);

[0048] FIGS. 4a, 4b and 4c show models of a predicted
molecular nature of three DNA bands in the corresponding
portions of a gel; and

[0049] FIG. 5 is an analysis of binding of T9_5, T9_ 22
and initial library to a TGF-p1 target protein.
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DETAILED DESCRIPTION OF THE
INVENTION

[0050] While the making and using of various embodi-
ments of the present invention are discussed in detail below,
it should be appreciated that the present invention provides
many applicable inventive concepts that can be embodied in
a wide variety of specific contexts. The specific embodi-
ments discussed herein are merely illustrative of specific
ways to make and use the invention and do not delimit the
scope of the invention.

[0051] To facilitate the understanding of this invention, a
number of terms are defined below. Terms defined herein
have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present invention.
Terms such as “a”, “an” and “the” are not intended to refer
to only a singular entity, but include the general class of
which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments
of the invention, but their usage does not delimit the
invention, except as outlined in the claims.

[0052] As used herein, “synthesizing” of a random com-
binatorial library refers to chemical methods known in the
art of generating a desired sequence of nucleotides including
where the desired sequence is random. Typically in the art,
such sequences are produced in automated DNA synthesiz-
ers programmed to the desired sequence. Such programming
can include combinations of defined sequences and random
nucleotides.

[0053] “Random combinatorial oligonucleotide library” is
used to describe a large number of oligonucleotides of
different sequence where the insertion of a given base at
given place in the sequence is random. “PCR primer nucle-
otide sequence” refers to a defined sequence of nucleotides
forming an oligonucleotide which is used to anneal to a
homologous or closely related sequence in order form the
double strand required to initiate elongation using a poly-
merase enzyme. “Amplifying” means duplicating a
sequence one or more times. Relative to a library, amplifying
refers to en masse duplication of at least a majority of
individual members of the library.

[0054] As used herein, “thiophosphate” or “phospho-
rothioate” are used interchangeably to refer analogues of
DNA or RNA having sulphur in place of one or more of the
non bridging oxygens bound to the phosphorus. Monothio-
phosphates or phosphoromonothioates [aS] have only one
sulfur and are thus chiral around the phosphorus center.
Dithiophosphates are substituted at both oxygens and are
thus achiral. Phosphoromonothioate nucleotides are com-
mercially available or can be synthesized by several differ-
ent methods known in the art. Chemistry for synthesis of the
phosphorodithioates has been developed by one of the
present inventors as set forth in U.S. Pat. No. 5,218,088,
issued to Gorenstein, D. G. and Farschtschi, N., issued Jun.
8, 1993, for a Process for Preparing Dithiophosphate Oli-
gonucleotide Analogs via Nucleoside Thiophosphoramidite
Intermediates, relevant portions incorporated herein by ref-
erence.

[0055] When discussing changes to oligonucleotides,
“Modified” is used herein to describe oligonucleotides or
libraries in which one or more of the four constituent
nucleotide bases of an oligonucleotide are analogues or
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esters of nucleotides normally comprising DNA or RNA
backbones and wherein such modification confers increased
nuclease resistance. Thiophosphate nucleotides are an
example of modified nucleotides. “Phosphodiester oligo-
nucleotide” means a chemically normal (unmodified) RNA
or DNA oligonucleotide. Amplifying “enzymatically” refers
to duplication of the oligonucleotide using a nucleotide
polymerase enzyme such as DNA or RNA polymerase.
Where amplification employs repetitive cycles of duplica-
tion such as using the “polymerase chain reaction”, the
polymerase may be, e.g., a heat stable polymerase, e.g., of
Thermus aquaticus or other such polymerases, whether heat
stable or not. When discussing the effect of an thioaptamer
on TGF-f signaling, the term “modified” is used to describe
a change in the activity of the TGF-§ receptor, receptor
complex or related proteins that may upregulate or down-
regulate the activity of host TGF-f activity, including, e.g.,
actual signaling via second messengers, up or down regu-
lation of gene expression, message translation, message
retention, siRNA induction or gene product production or
even degradation.

[0056] “Contacting” in the context of target selection
means incubating a oligonucleotide library with target mol-
ecules. “Target molecule” means any molecule to which
specific aptamer selection is desired. “Target protein” means
any peptide or protein molecule to which a specific aptamer
selection is desired. “Essentially homologous” means con-
taining at least either the identified sequence or the identified
sequence with one nucleotide substitution. “Isolating” in the
context of target selection means separation of oligonucle-
otide/target complexes, preferably DNA/protein complexes,
under conditions in which weak binding oligonucleotides
are eliminated.

[0057] By “split synthesis” it is meant that each unique
member of the combinatorial library is attached to a separate
support bead on a two (or more) column DNA synthesizer,
a different thiophosphoramidite or phosphoramidite is first
added onto both identical supports (at the appropriate
sequence position) on each column. After the normal cycle
of oxidation (or sulfurization) and blocking (which intro-
duces the phosphate, monothiophosphate or dithiophosphate
linkage at this position), the support beads are removed from
the columns, mixed together and the mixture reintroduced
into both columns. Synthesis may proceed with further
iterations of mixing or with distinct nucleotide addition.

[0058] Aptamers may be defined as nucleic acid molecules
that have been selected from random or unmodified oligo-
nucleotides (“ODN”) libraries by their ability to bind to
specific targets or “ligands.” An iterative process of in vitro
selection may be used to enrich the library for species with
high affinity to the target. The iterative process involves
repetitive cycles of incubation of the library with a desired
target, separation of free oligonucleotides from those bound
to the target and amplification of the bound ODN subset
using the polymerase chain reaction (“PCR”). The penulti-
mate result is a sub-population of sequences having high
affinity for the target. The sub-population may then be
subcloned to sample and preserve the selected DNA
sequences. These “lead compounds” are studied in further
detail to elucidate the mechanism of interaction with the
target.

[0059] “Detectable labels” are compounds and/or ele-
ments that can be detected due to their specific functional
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properties and/or chemical characteristics, the use of which
allows the agent to which they are attached to be detected,
and/or further quantified if desired, such as, e.g., an enzyme,
an antibody, a linker, a radioisotope, an electron dense
particle, a magnetic particle and/or a chromophore or com-
binations thereof, e.g., fluorescence resonance energy trans-
fer (FRET). There are many types of detectable labels,
including fluorescent labels, which are easily handled, inex-
pensive and nontoxic.

[0060] The present inventors recognized that it is not
possible to simply substitute thiophosphates in a sequence
that was selected for binding with a normal phosphate ester
backbone oligonucleotide. Simple substitution was not prac-
ticable because the thiophosphates can significantly
decrease (or increase) the specificity and/or affinity of the
selected ligand for the target. It was also recognized that
thiosubstitution leads to a dramatic change in the structure of
the aptamer and hence alters its overall binding affinity.

[0061] The present invention takes advantage of the
“stickiness” of thio- and dithio-phosphate ODN agents to
enhance the affinity and specificity to a target molecule. In
a significant improvement over existing technology, the
method of selection concurrently controls and optimizes the
total number of thiolated phosphates to decrease non-spe-
cific binding to non-target proteins and to enhance only the
specific favorable interactions with the target. The present
invention permits control over phosphates that are to be
thio-substituted in a specific DNA sequence, thereby per-
mitting the selective development of aptamers that have the
combined attributes of affinity, specificity and nuclease
resistance.

[0062] In one embodiment of the present invention, a
method of post-selection aptamer modification is provided
in which the therapeutic potential of the aptamer is improved
by selective substitution of modified nucleotides into the
aptamer oligonucleotide sequence. An isolated and purified
target binding aptamer is identified and the nucleotide base
sequence determined. Modified achiral nucleotides are sub-
stituted for one or more selected nucleotides in the sequence.
In one embodiment, the substitution is obtained by chemical
synthesis using dithiophosphate nucleotides. The resulting
aptamers have the same nucleotide base sequence as the
original aptamer but, by virtue of the inclusion of modified
nucleotides into selected locations in the sequences,
improved nuclease resistance and affinity is obtained.

[0063] RNA and DNA oligonucleotides (ODNS) can act as
“aptamers,” (i.c., as direct in vivo inhibitors selected from
combinatorial libraries) for a number of proteins, including
viral proteins such as HIV RT and transcription factors such
as, e.g., human NF-kB, AP-1, NF IL-6 or other proteins
involved in, e.g., transcription. Decoy ODNs were devel-
oped to inhibit expression from CRE and AP-1 directed
transcription in vivo and inhibit growth of cancer cells in
vitro and in vivo. Yet others have demonstrated the potential
of using specific decoy and aptamer ODNis to bind to various
proteins, serve as therapeutic or diagnostic reagents, and to
dissect the specific role of particular transcription factors in
regulating the expression of various genes. In contrast to
antisense agents, duplex aptamers appear to exhibit few if
any non-specific effects.

[0064] Among a large variety of modifications, S-ODN
and S,-ODN render the agents more nuclease resistant. The
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first antisense therapeutic drug uses a modified S-ODN. The
S,-ODNs also show significant promise, however, the effect
of substitution of more nuclease-resistant thiophosphates
cannot be predicted, since the sulfur substitution can lead to
significantly decreased (or increased) binding to a specific
protein as well as structural perturbations and thus it is not
possible to predict the effect of backbone substitution on an
aptamer selected combinatorially. Hence, the present inven-
tors recognized that selection should be carried out simul-
taneously for both phosphate ester backbone substitution
and base sequence.

[0065] Phosphorodithioate analogs have been synthesized
to produce an important class of sulfur-containing oligo-
nucleotides, the dithiophosphate S,-ODNs. These dithioates
include an internucleotide phosphodiester group with sulfur
substituted for both non-linking phosphoryl oxygens, so
they are both isosteric and isopolar with the normal phos-
phodiester link, and are also highly nuclease resistant. One
group showed highly effective protection of the dithioate
against degradation by endogenous nucleases after 58%
backbone modification. Significantly, the S,-ODNs, in con-
trast to the phosphoramidite-synthesized monothiophos-
phate (S-ODNG), are achiral about the dithiophosphate cen-
ter, so problems associated with diastereomeric mixtures are
completely avoided. The S,-ODNs and the DNs, are taken
up efficiently by cells, especially if encapsulated in lipo-
Somes.

[0066] Thiophosphate aptamers are capable of specifically
and non-specifically binding to proteins. Importantly, the
present inventors have observed that sulfurization of the
phosphoryl oxygens of oligonucleotides often leads to their
enhanced binding to numerous proteins. The dithioate
agents, for instance, appear to inhibit viral polymerases at
much lower concentrations than do the monothiophosphates,
which in turn are better than the normal phosphates, with
K,’s for single strand aptamers in the nM to sub-nM range
for HIV-1 RT and NF-xB. For HIV-1 RT, dithioates bind
28-600 times more tightly than the normal aptamer oligo-
nucleotide or the S-analogue. Sequence is also important, as
demonstrated by the observation that a 14-nt dithioate based
on the 3' terminal end of human tRNA™* complementary to
the HIV primer binding site is a more effective inhibitor
(ID5,=4.3 nM) than simply dithioate dC, , (ID5,=62 nM) by
an order of magnitude.

[0067] Oligonucleotides with high monothio- or dithio-
phosphate backbone substitutions appear to be “stickier”
towards proteins than normal phosphate esters, an effect
often attributed to “non-specific interactions.” One explana-
tion for the higher affinity of the thiosubstituted DNAs is the
poor cation coordination of the polyanionic backbone sulfur,
being a soft anion, does not coordinate as well to hard
cations like Na*, unlike the hard phosphate oxyanion. The
thiosubstituted phosphate esters then act as “bare” anions,
and since energy is not required to strip the cations from the
backbone, these agents appear to bind even more tightly to
proteins.

[0068] As used herein, the terms “thio-modified aptamer,
"“thioaptamer” and/or “partially thio-modified aptamer” are
used interchangeably to describe oligonucleotides (ODNs)
(or libraries of thioaptamers) in which one or more of the
four constituent nucleotide bases of an oligonucleotide are
analogues or esters of nucleotides that normally form the
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DNA or RNA backbones and wherein such modification
confers increased nuclease resistance; and the DNA or RNA
may be single or double stranded. For example, the modified
nucleotide thioaptamer can include one or more monophos-
phorothioate or phosphordithioate linkages selected by
incorporation of modified backbone phosphates through
polymerases from wherein the group: dATP(.S), dTTP(aS),
dCTP(aS), dGTP(aS), tUTP (), rATP(aS), rCTP(aS),
GTP(aS),  dATP(eS,), dTTP(aS,), dCTP(cS,),
dGTP(aS,), rATP(asS,), rCTP(aS,), rGTP(aS,) and
rUTP(aS,) or modifications or mixtures thereof. Phospho-
romonothioate or phosphorodithioate linkages may also be
incorporated by chemical synthesis or by DNA or RNA
synthesis by a polymerase, e.g., a DNA or an RNA poly-
merase or even a reverse transcriptase, or even thermostable
or other mutant versions thereof. In another example, no
more than three adjacent phosphate sites of the modified
nucleotide aptamer are replaced with phosphorothioate
groups. In yet another example, at least a portion of non-
adjacent dA, dC, dG, dU or dT phosphate sites of the
modified nucleotide aptamer are replaced with phospho-
rothioate groups. In another example of a thioaptamer, all of
the non-adjacent dA, dC, dG, or dT phosphate sites of the
modified nucleotide aptamer are replaced with phospho-
rothioate groups; all of the non-adjacent dA, dC, dG, and dT
phosphate sites of the modified nucleotide aptamer are
replaced with phosphorothioate groups; or substantially all
non-adjacent phosphate sites of the modified nucleotide
aptamer are replaced with phosphorothioate groups. In still
another embodiment of the present invention, no more than
three adjacent phosphate sites of the modified nucleotide
aptamer are replaced with phosphorodithioate groups. The
thioaptamers may be obtained by adding bases enzymati-
cally using a mix of four nucleotides, wherein one or more
of the nucleotides are a mix of unmodified and thiophos-
phate-modified nucleotides, to form a partially thiophos-
phate-modified thioaptamer library. In another example of
“thioaptamers” these are made by adding bases to an oligo-
nucleotide wherein a portion of the phosphate groups are
thiophosphate-modified nucleotides, and where no more
than three of the four different nucleotides are substituted on
the 5'-phosphate positions by 5'-thiophosphates in each
synthesized oligonucleotide are thiophosphate-modified
nucleotides.

[0069] Thioaptamers and other nucleic acid analogs (e.g.,
peptide nucleic acids (PNAs), methylphosphonates, etc.) are
emerging as important agents in therapeutics, drug discov-
ery and diagnostics. Three key attributes define the unique
ability of (thio)aptamers to perform their essential functions:
(1) they target specific proteins in physiological pathways;
(2) their sequence and structure is not intuitively obvious
from canonical biologics and oftentimes can only be
deduced by combinatorial selection against their targets; and
(3) they bind their targets with higher affinities than do
naturally occurring nucleic acid substrates. Importantly, the
backbone modifications of thioaptamers and their nucleic
acid backbone analogs enable aptamers to be introduced
directly into living systems with in vivo lifetimes many
times greater than unmodified nucleic acids, due to their
inherent nuclease resistance of the modified aptamers. The
inherent nuclease resistance is extraordinarily important for
their efficacy in use.

[0070] In vitro combinatorial selection of thiophosphate
aptamers may be used with the present invention. A recent
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advance in combinatorial chemistry has been the ability to
construct and screen large random sequence nucleic acid
libraries for affinity to proteins or other targets. The aptamer
and/or thioaptamer nucleic acid libraries are usually selected
by incubating the target (protein, nucleic acid or small
molecule) with the library and then separating the non-
binding species from the bound. The bound fractions may
then be amplified using the polymerase chain reaction (PCR)
and subsequently reincubated with the target in a second
round of screening. These iterations are repeated until the
library is enhanced for sequences with high affinity for the
target. However, agents selected from combinatorial RNA
and DNA libraries have previously always had normal
phosphate ester backbones, and so would generally be
unsuitable as drugs or diagnostics agents that are exposed to
serum or cell supernatants because of their nuclease suscep-
tibility. The effect of substitution of nuclease-resistant thio-
phosphates cannot be predicted, since the sulfur substitution
can lead to significantly decreased (or increased) binding to
a specific protein.

[0071] The present inventors have described the combi-
natorial selection of phosphorothioate oligonucleotide
aptamers from random or high-sequence-diversity libraries,
based on tight binding to the target (e.g. a protein or nucleic
acid) of interest, U.S. patent application Ser. No. 10/120,
815, relevant portions incorporated herein by reference. An
in vitro selection approach for RNA thioaptamers has also
been described Ellington and co-workers.

[0072] One approach used by the inventors is a hybrid
monothiophosphate backbone. Competition assay for bind-
ing 42-mer aptamers (ODN) were conducted. In standard
competitive binding assays, **P-IgkB promoter element
ODN duplex was incubated with recombinant p50 or p65
and competitor oligonucleotide. The reactions were then run
on a nondenaturing polyacrylamide gel, and the amount of
radioactivity bound to protein and shifted in the gel was
quantitated by direct counting.

[0073] In another example a combinatorial library was
created by PCR, using an appropriate AINTP(aS) in the Taq
polymerization step. A combinatorial thiophosphate duplex
and single stranded (ss) libraries was screened successfully
for binding to a number of different protein and nucleic acid
targets, including: TGF-c,, NF-IL6, NF-xB, HIV reverse
transcriptase, Venezuelan Equine Encephalitis nucleocapsid
(using an RNA thioaptamer), HepC IRES nucleic acid, and
others, including a protein involved in CpG-induced “innate
immunity.”

[0074] Briefly, a filter binding method was used that was
modified to minimize non-specific binding of the DN to the
nitrocellulose filters. A column method may also be used in
which the target is covalently attached to a column support
for separation as well. The duplex, ssDNA and/or ssRNA
DN’s are eluted from the filter under high salt and protein
denaturing conditions. Subsequent ethanol precipitation and
for the duplex DNA DNs, another Tag polymerase PCR
thiophosphate amplification provided product pools for
additional rounds of selection (for RNA thioaptamers RT
and T7 polymerase were used). To increase the binding
stringency of the remaining pool of DNs in the library and
select higher-affinity members, the KC1 concentration was
increased and the amount of protein in subsequent rounds
was reduced as the iteration number increased. After clon-
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ing, the remaining members of the library were sequenced,
which allowed for “thioselect”™ simultaneously for both
higher affinity and more nuclease-resistant, “thioaptamer™”
agents. For example, the thioselection method has been used
to isolate a tight-binding thioaptamer for 7 of 7 targets
tested.

[0075] TGF-f in wound healing (major function of TGF-
[1). Wound healing in tissue involves a process of extra-
cellular matrix biosynthesis, turnover and organization,
which commonly leads to the production of fibrous connec-
tive tissue scars and consequential loss of normal tissue
function. The extracellular matrix biosynthesis process is
regulated by a number of soluble growth factors secreted
within the wound environment (especially by platelets and
macrophages). These soluble growth factors include TGF-a.,
TGF-f (isoforms B1, B2, and $3), platelet-derived growth
factor PDGF, epidermal growth factor EGE, the insulin
growth factors IGF-I and IGF-III, and acidic and basic
fibroblast growth factors FGF. TGF-f is secreted in exces-
sive amounts in wounds and plays a major role in directing
cellular response to injury, driving fibrogenesis and poten-
tially underlying the progression of chronic injury to fibrosis
(George, et al., 1999). It has been proposed both that wound
healing can be promoted by administering such growth
factors (Sporn, et al., 1983) and that scarring can be reduced
without compromising wound healing by administering
inhibitors to fibrotic growth factors such as PDGF and
TGF-p1 and TGF-p2 (Shah, et al., 1992; U.S. Pat. No.
5,662,904, U.S. Pat. No. 5,683,988). The inventors of U.S.
Pat. No. 5,662,904 teach that TGF-p3 is not a fibrotic growth
factor and that its inhibition is counter-productive in that
scarring is not reduced, whereas would healing might be
slowed. Wound healing thus provides an opportunity for
thioaptamer development, e.g., thioaptamers that bind to
TGF-p1 and/or TGF-p2 are sclected that do not bind to
TGF-p3, or which inhibit steps in the signaling pathway of
TGF-p1 and TGF-B2 without inhibiting the signaling path-
way of TGF-p3.

[0076] TGF-f and cancer. The present invention may be
used to target specifically isoforms of TGF-f in certain
cancers, in which overexpression of TGF- makes tumor
cells more invasive and metastatic by increasing angiogen-
esis, suppressing the immune system and altering the inter-
actions of tumor cells with the extracellular matrix (Gorelik
and Flavell, 2002). For example, TGF-f is overexpressed in
malignant gliomas and in the most common forms of cancer,
including colon cancer, breast cancer and prostate cancer.
TGF-p1 overexpression has also been demonstrated in pros-
tate cancer (Truong, 1993), colon cancer (Anzano, 1989;
Tsushima, et al., 1996; Robson, et al., 1996; Zanetti, et al.,
2003; Nagayama, et al., 2002), liver cancer (Ito, et al., 1995),
non-small cell lung cancer (Hasegawa, et al., 2001) and
breast cancer (Kong, 1995).

[0077] The thioaptamers of the present invention may also
be used to target TGF-p2, which is overexpressed by human
glioma cells, such as gliobastomas (Grimm, 1988). Impor-
tantly, there is currently no satisfactory treatment for human
glioma tumors. TGF-f immunosuppressive effects reduce
the proliferation of cytotoxic T-lymphocytes that otherwise
could be able to destroy the glioma cells. TGF-f’s inhibitory
effect on T-cell proliferation is attributed to inhibition of
1L-2 production (Brabletz, 1993), which inhibits the prolif-
eration of normal T-lymphocytes (Grimm, et al., 1988;
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Kuppner, et al, 1989; Sawamura, et al.,, 1990) and to
inhibition of T-cell differentiation (Swain, 1991).

[0078] Overexpression of all three TGF-f isoforms has
been demonstrated in breast cancer (MacCallum, 1994;
Vrana, et al, 1996), and it has been hypothesized that
tumor-derived immunosuppressive TGF-f3 is responsible for
the poor efficacy observed in initial clinical trials of dendritic
cell-based antitumor vaccines and that a means of inhibiting
TGF-p activity must be combined with such vaccines (Kao,
et al., 2003). The present invention may be used as a single
or combination therapy, including highly specific thioaptam-
ers targeting any number of members of the TGF-p signaling
pathway, to target and control the effects of one or more of
the TGF-f isoforms.

[0079] TGF-f and viral infections. TGF-f31 has also been
shown to promote the depletion of CD4* T-cells after HIV-1
infection, by inducing apoptosis, possibly contributing to
pathogenesis in vivo (Wang, et al., 2001). For example, 25%
of HIV-positive donors were found to produce TGF-p1 in
response to stimulation with HIV proteins, with the TGF-f1
production sufficient to significantly depress the IFN-y
response of CD8* T-cells to HIV proteins. The suppression
was reversed by anti-TGF-p1 antibody. TGF-f1 production
by HIV-infected CD8* T-cells may represent an important
mechanism by which an HIV-specific response can nonspe-
cifically suppress HIV-specific immune responses (Garda, et
al., 2002). As such, the present invention may be used to
target TGF-P1 to prevent CD8+ suppression and even lack
of macrophage activation. In vitro studies of primary mac-
rophages infected with HIV-1 demonstrated that viral rep-
lication was preceded by increased secretion of TGF-p1, and
was partially reversed by anti-TGF-B1 antibody. Positive
correlation was observed between TGF-f1 production and
HIV-1 growth (Lima, et al., 2002). The HIV envelope
protein, gpl60, a superantigen being tested in several HIV
vaccine trials, has been shown to up-regulate TGF-f1 in
mucosal, tonsil-originating B cells (Cognasse, et al., 2003).

[0080] Research on CMV encephalitis has shown that
infected astrocytes induce TGF- production, which in turn
enhances CMV expression. Astrocyte release of CMV was
reduced by anti-TGF-f antibody, therefore, the thioaptamers
of the present invention may be used to reduce TGF-j
activity during viral infection with, e.g., CMV. Astrocyte
release of CMV was increased significantly after addition of
exogenous TGF-f (Kossman, et al., 2003). HCV proteins
have been shown to alter signal transduction in infected
hepatocytes, inducing the production of profibrogenic
mediators, in particularly TGF-f, leading to proposed use of
TGF-f inhibitors for treatment of HCV (Schuppan, et al,,
2003).

[0081] Methods for modulation of TGF-f activity. The
involvement of TGF-p in the biological pathways of a host
of diseases and in wound healing has led to extensive
rescarch for both inhibiting and activating TGF-f. The
thioaptamers of the present invention may also be used as
part of a sole or combination therapy for modulation of, e.g.,
TGF-f activity, including antisense oligonucleotides bind-
ing to one or more of the TGF-p isoforms, TP receptors,
soluble TP receptors, and the ligand binding traps decorin
and LAP.
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EXAMPLE 1

[0082] S-ODN, S,-ODN and monothio-RNA Split and
Pool Synthesis. A split and pool synthesis combinatorial
chemistry method was developed for creating combinatorial
S-ODN, S,-ODN and monothio-RNA libraries (and readily
extended to unmodified ODNs-whether single strand or
duplex). In this procedure each unique member of the
combinatorial library was attached to a separate support
bead. Targets that bind tightly to only a few of the potentially
millions of different support beads can be selected by
binding the targets to the beads and then identifying which
beads have bound target by staining and imaging techniques.
The methodology of the present invention allowed the rapid
screening and identification of thioaptamers that bind to
proteins such as NF-kB using a novel PCR-based identifi-
cation tag of the selected bead.

[0083] The dA, dG, dC and dT phosphoramidites were
purchased from Applied Biosystems (Palo Alto, Calif.) or
Glen Research (Sterling, Va.). The Beaucage reagent (3H-
1,2-Benzodithiol-3-one  1,1-dioxide) was from Glen
Research. The Taq polymerase kits were from Applied
Biosystems. The TA Cloning kit was from Invitrogen. The
Klenow DNA polymerase I was from Promega. Polystyrene
beads (60-70 um) with non-cleavable hexacthyleneglycol
linkers with a loading of 36 umol/g were from ChemGenes
Corp (Ashland, Mass.). The Alexa Fluor 488 dye was from
Molecular Probes, Inc (Eugene, Oreg.). The dA, dG, dC and
dT thiophosphoramidites were synthesized as previous
described (Yang, X-B., Fennewald, S., Luxon, B. A., Aron-
son, J., Herzog, N. and Gorenstein, D. G., “Aptamers
containing thymidine 3'-O-phosphorodithioates: Synthesis
and binding to Nuclear Factor-xB, J. Bioorganic and
Medicinal Chemistry, 9, 3357-3362 (1999) and refs therein).
The ODNs and DNs used in the study were synthesized on
a l-umol scale on an Expedite 8909 System (Applied
Biosystems) DNA Synthesizer.

[0084] Combinatorial selection of thioaptamers specific to
TGF-f. Initial studies were focused on selection of thio-
aptamers specific to binding to TGF-f1. TGF-f1 is a 25 kDa
homodimeric protein composed of two 12.5 kDa subunits
joined by disulfide bonds (Roberts and Spom, 1993). TGF-
B1 is secreted by immune cells and is instrumental in the
initiation and resolution of inflammatory and immune events
(Grotendorst, et al., 1989; Kehrl, et al., 1986). Blood mono-
cytes respond to TGF-f1 by increased expression of inflam-
matory mediators such as IL-1, IL-6, and TNF-a (McCart-
ney and Wahl, 1994). TGF-p1 acts as a chemotactic
cytokine, attracting immune cells to the site of inflammation
(Adams, et al,, 1991). TGF-B1 overexpression has been
demonstrated in prostate cancer (Truong, 1993) and in colon
cancer (Zanetti, et al., 2003; Nagayama, et al., 2002).

[0085] Combinatorial selection of the thioaptamers dis-
closed was employed to isolate single-stranded DNA thio-
aptamers that specifically target the TGF-p1 protein. TGF-
B1 protein is a homodimer, which imposes a structural
requirement on candidate inhibitors; homodimeric forms of
inhibitors are more effective in inhibiting the function of
homodimeric proteins. Combinatorial selection of aptamers
is advantageous in this respect, in that the selection isolates
aptamers and thioaptamers that satisfy the structural require-
ment, unlike other methods of inhibitor selection such as the
screening of small molecule libraries. This feature of the
thioaptamer selection process will be discussed hereinbelow.
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[0086] The initial thioaptamer selection process of the
present invention was designed to modify the backbone of
single-stranded DNA aptamers, with phosphoromonothioate
substitutions 5' of both A and C nucleotides. Thioation
provides enhanced nuclease resistance as well as increased
affinity and specificity relative to unmodified phosphate
aptamers. Sequence data on the clones isolated during the
selection, the predicted secondary structure of the clones,
preliminary binding data and predicted dimeric models of
the clones based on this data are described below.

[0087] The enabling technology used in the selection
process, combinatorial selection and isolation of phospho-
rothicate DNA aptamers (thio-PCR, isolation of single
strand DNA), analysis of DNA aptamer sequences and of
target proteins, and evaluation of binding affinities of the
selected DNA aptamers, has been covered in a series of
patent applications and an issued patent of the primary
inventor (U.S. Pat. No. 6,423,493; U.S. patent application
Ser. No. 10214417, U.S. patent application Ser. No.
10/272,509; U.S. patent application Ser. No. 60/472,890),
relevant portions incorporated herein by reference.

[0088] In one example, the present inventors have devel-
oped a thioaptamer targeting TGF-1, an important chemok-
ine involved in the inflammatory response (Wahl, 1989,
McCartney-Francis and Wahl, 1994). The TGFp1 signaling
pathway begins with secretion of TGF-f1 protein into the
extracellular matrix along with auxiliary proteins, followed
by TGF-f1 binding to its cell surface receptors. The cyto-
plasmic domain of one of the TGF-beta 1 receptors (THRI)
phosphorylates the transcription factors Smad2 and Smad3.
The phosphorylated transcription factors are translocated
into the nucleus by forming a heterodimer with Smad4, and
there regulate target gene transcription (Shi, 2003).

[0089] As TGF-f1is a homodimeric protein, its inhibitors
may be dimeric forms in order to satisfy the symmetry
requirement in binding. In order to find a dimeric inhibitor,
one strategy is to first select a monomeric inhibitor and link
two such monomers with a tether. Such a strategy may
require that several tethers and variable tether lengths be
tested in order to locate each unit of the inhibitor at its
binding site in each subunit of the TGF-p1 protein. Flex-
ibility of the tether must also be considered in developing an
effective inhibitor of TGF-p1. If the tether is too flexible,
binding of the dimeric inhibitor may be accompanied by a
huge loss of entropy, reducing binding affinity. If the tether
is too rigid, there may be no entropy loss upon binding, but
tether length may have to be varied to locate the functional
units of the inhibitor at the binding sites of the protein dimer.
The combinatorial selection of aptamers described herein
helps solve the symmetry problem as a consequence of its
unique mechanism for selecting nucleic acid inhibitors
(aptamers) from a randomized pool. As described hereinbe-
low, combinatorial aptamer and/or thioaptamer selection is
expected to isolate aptamers that not only have TGF-f1
protein binding sites but also contain dimerization sites that
can act as tethers. Consequently, the thioaptamers selected
and isolated using combinatorial selection will be TGF-p1
protein inhibitors with high affinities.

[0090] Combinatorial selection of thioaptamers binding
TGF-p1. A random, single-stranded combinatorial DNA
library of normal phosporyl backbone oligonucleotides was
synthesized by an automated DNA synthesizer that was
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programmed to include all four monomer bases of the
oligonucleotide during the coupling of residues in a ran-
domized segment. PCR primer segments at the 5' and 3' ends
flanking the randomized region of the oligonucleotide of the
synthesized library, were used in order to replicate and
amplify the library with Taqg DNA polymerase.

[0091] A 74-mer library was synthesized with a 30 base
pair random central segment flanked by 23 and 21 base pair
PCR primer regions. The single-stranded library was ampli-
fied using Taq polymerase and a mixture of dATP(aS),
dCTP(aS), dGTP and dTTP. The PCR generated an oligo-
nucleotide library with phosphorothioate backbone substi-
tuted at both dA and dC positions. Single-stranded DNA was
isolated from the PCR products using streptavidin beads and
the isolated single-stranded DNA was then incubated with
TGF-p1 protein, and the protein-bound DNA was then
isolated by filtration and that sequence was then subjected to
the next round of selection and PCR amplification. This
process was iterated repeatedly to isolate high affinity
aptamer clones, as described in the thioaptamer clone listing
and sequence alignment of FIG. 1. Following rounds 5, 9
and 12 of the iterative selection, the library was cloned and
sequenced in order to monitor the selection. The sequences
of the randomized regions of the selected clones were
aligned using the Clustal W (1.8) algorithm, as shown in
FIG. 1. Homology between sequences was observed using
this alignment.

[0092] More particularly, a library was created as follows.
A random single-stranded combinatorial DNA library of
normal phosphoryl backbone oligonucleotides was synthe-
sized by an automated DNA synthesizer (Midland Certified
Reagents, Midland, Tex.) that was programmed to include
all four monomer bases of the oligonucleotide during the
coupling of residues in a randomized segment. In this
example, PCR primer segments at the 5' and 3' ends are
flanking the randomized region of the oligonucleotides of
the synthesized library and thus the library can be replicated
and amplified by Tag DNA polymerase (Amplitaq, Perkin-
Elmer). A 74-mer library was used with a 30 base pair
random central segment flanked by 23 and 21 base pair PCR
primer regions:
5-CAGTCCGGATGCTCTAGAGTGACN,;,CGAATCTC
GTGAAGCCGAGCG-3' (SEQ ID NO.: 1). The diversity of
the resulting library is theoretically be up to 43 (=10'%)
different sequences. The single-stranded library was repli-
cated using Klenow Fragment DNA polymerase and subse-
quently amplified using Taq polymerase. The oligonucle-
otide library with phosphorothioate backbone substituted at
dA and dC positions was then synthesized by PCR ampli-
fication of the 74-mer template using commercially avail-
able Taq polymerase and a mixture of dATP (aS) (Amer-
sham Biosciences), dTTP, dGTP and dCTP (aS) (Amersham
Biosciences) as substrates. The PCR condition for amplifi-
cation of the starting random library (5x10™ sequences)
included: 200 uM each of dATP (aS), dTTP, dGTP, and
dCTP (aS), 4 mM MgCl,, 825 nM 74-mer random template,
50 units of Taq polymerase, and 2.4 4uM each primer in a
total volume of 1000 uL. PCR was performed to amplify the
selected DNA with biotin-conjugated 5' primer (biotin-
biotin-biotin-5'-CAGTCCGGATGCTCTAGAGTGAC-3'
(SEQ ID NO.:2)) and 3' primer (5'-CGCTCGGCTTCAC-
GAGATTCG-3' (SEQ ID NO.:3)) (Midland) under the fol-
lowing conditions: 94° C. for 5 min; 40 cycles at the 94° C.
for 1 min, 65° C. for 2 min, and 72° C. for 3 min; the final
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extension was at 72° C. for 10 min. This polymerase acts
stereospecifically to incorporate the Sp-diastereomers of
dNTP (aS) and is believed to produce the Rp stereoisomer
as is found for other polymerases (Eckstein, 1985).

[0093] Selection of Single-Stranded DNA Thioaptamers.
A library of synthetic DNA oligonucleotides containing 30
random nucleotides flanked by invariant primer annealing
sites was amplified by PCR using biotin-conjugated 5'
primer (biotin-biotin-biotin-5'-CAGTCCGGATGCTCTA-
GAGTGAC-3' (SEQ ID NO.:2) and 3' primer (5'-CGCTCG-
GCTTCACGAGATTCG-3'(SEQ ID NO.:3)) (Midland Cer-
tified Reagents, Midland, Tex.). The 5' primer had three
biotin phosphoramidites covalently attached to its 5' termi-
nus. The 74-nucleotide double-stranded PCR product (~1
nmol) was applied to 400 uL of a Magnetic Porous Glass
(MPG) Streptavidin (CPG Inc.) (10 mg/ml, 4-6x107 par-
ticles/ml) bead matrix suspended in Binding/Wash buffer
(2.0 M NaCl, 1 mM EDTA, 10 mM Tris-HCL, pH 7.5). The
mixture was rotated gently at room temperature for one hour.
After equilibration of 1 hr at 20° C. to allow the biotinylated
double-stranded DNA (dsDNA) to bind streptavidin beads,
unbound dsDNA was removed with 900 ul. of Binding/
Wash buffer (2 times), and the matrix-bound dsDNA was
denatured in 150 uL. of Melting Solution (0.1 M NaOH) for
10 min at room temperature and washed one time with 150
uL. of Melting Solution. As these conditions were not harsh
enough to break the biotin-streptavidin interaction, this
denaturation step released only nonbiotinylated single-
stranded DNA strand from the bead complex (Bock, et al,
1992, and Schneider, et al, 1995). In order to remove NaOH
in the sample and to collect the released nonbiotinylated
single-stranded DNA, the supernatant of the sample was
filtered with a Microcon YM-10 filter (Millipore) and
washed with PBS buffer several times, yielding 0.1-0.3
nMol of single-stranded DNA (ssDNA).

[0094] The purity of the ssDNA library was confirmed by
amplification of the correctly sized product with the reverse
primer but not the forward primer after 5 cycles of PCR.
Generally, 0.1~0.3 nMol of the enriched single-stranded
DNA was used for the following round of combinatorial
selection. For the selection, this enriched single-stranded
DNA was incubated with TGF-beta-1 protein (PeproTech,
Rockhill, N.J.) in phosphate buffered saline (PBS) usually at
room temperature for two hours and filtered through MEF-
Millipore nitrocellulose membrane filters (0.45 um pore
size, filter diameter 13 mm) presoaked previously in PBS.
Under these conditions, the DNA/protein complexes were
retained on the filter. The filter was then washed with 10 mL
of PBS to remove the majority of the DNA, which only
bound weakly to the protein. To elute the protein bound
DNA the filter was incubated in elution solution containing
8 M urea at 65° C.~75° C. for 10 min. In order to remove
urea in the solution and to collect the protein-bound DNA,
the supernatant of the sample was filtered with a Microcon
YM-10 filter (Millipore) and washed with PBS buffer sev-
eral times. The DNA retained on the filter was amplified by
PCR to generate a DNA library for the next round selection.
As the selection rounds proceeded, selection pressure was
increased by reducing the protein concentration or increas-
ing the salt concentration in the binding step (or both). DNA
from the fifth, ninth, twelfth, and eighteenth rounds of
selection, as well as the initial library, were cloned with the
TOPO cloning kit (Invitrogen) and sequenced.
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[0095] Analysis of Thioaptamer Sequences. The DNA
sequences were obtained from various rounds of selection
(5,9,12, and 18 round) and aligned using, ¢.g., the ClustalW
algorithm (version 1.8), which is available from, e.g., a
bioinformatics web site at Baylor College of Medicine
(http://searchlauncher.bme.tmc.edu). Secondary structure
prediction of single-stranded DNA was conducted using,
¢.g., the mfold program (Zuker, et al., 2003), available at
http:/Awww.bioinfo.rpi.edu/applications/mfold/old/dna/
form1.cgi.

[0096] Electrophoretic mobility shift assay (EMSA). The
binding affinity of the TGF-beta-1 proteins to single-
stranded DNA was analyzed using EMSA. The DNA
sequence was 5'-CAGTCCGGATGCTCTAGAGTGAC-
N;-CGAATCTCGTGAAGCCGAGCG-3'  (SEQ ID
NO.:1), which was biotin-labeled at the 3' end using a Biotin
3" End DNA Labeling Kit (Pierce) following the manufac-
ture’s protocol with few modifications. Before the labeling,
ssDNA was boiled at 95° C. for 10 min to melt any
secondary structures and quickly cooled by placing on ice.
The labeling reaction was conducted at 37° C. for two hrs.
After the biotin labeling, ssDNA was denatured and rena-
tured by incubating it at 95° C. for 10 min and slowly
cooling to room temperature with addition of MgCl, as final
concentration to be 1 mM.

[0097] Next, 2 nM of biotinylated single-stranded DNA
was incubated with variable amounts of TGF-beta-1 protein
at room temperature for 30 min. Mixtures were loaded on
native 10% polyacrylamide gels in 1x Tris Borate/EDTA
electrophoresis buffer (TBE buffer)(Maniatis, et al., Molecu-
lar Cloning, CSH Press, NY (1989)), followed by electro-
phoresis at 8-10 V/Cm for 1 h, Nucleic acids in the gel were
transferred to Biodyne nylon membranes (Pierce) by elec-
troblotting at 100 V for 45 minutes using a Mini Trans-Blot
Cell (Bio-Rad) and detected using LightShift Chemilumi-
nescent EMSA kit (Pierce) following manufacture’s proto-
col. A cooled CCD camera (Fluor Chem 8800 Imaging
system) purchased from Alpha Innotech (San Leandro,
Calif.) was used for image capture and measurement of IDV
(Integrated Density Value) of chemiluminescent signals.
Binding of the single-stranded DNA to TGF-beta-1 protein
was assessed by measuring decrease of the chemilumines-
cence intensity values of free DNA as the protein was added
to the reaction mixture.

[0098] FIG. 1 shows a Clustal W (1.8) alignment of
sequences of clones isolated during the selection of thio-
aptamer binding TGF-f1 (through 12 round of selection).
The number preceding the underscore mark of the sequence
identifier signifies the round of selection for each candidate
thioaptamer and the number following the underscore mark
signifies the clone number within that selection round. The
blue and red characters within the oligonucleotide sequences
signify moderate and highly conserved bases within the high
affinity thioaptamers. For example, T12_15 corresponds to
the 15th thioaptamer clone selected on the 12™ round.

[0099] Secondary structures of the highest affinity
sequence of the clones of each round (T5_14, T9_5, and
T12_8) were predicted using the mfold (3.1) algorithm. The
predicted thioaptamer structures are shown in FIG. 2.
Arrows indicate the first and last positions of nucleotides in
the variable region. In all three thioaptamers, the sequences
formed stable secondary structures with stem-loop motifs.
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Therefore, these secondary elements might be considered to
be involved in binding and/or dimerization of the oligo-
nucleotides. Another feature of the predicted secondary
structures of the clones is the enrichment of phosphorothio-
ates (A or C) between the two stems (e.g. between the
second and third stems in the case of TS 14). Given the fact
that phosphorothioate modification improves binding affin-
ity of a nucleic acid to proteins, this phosphorothioate-
enriched region, observed in all three clones, can be hypoth-
esized to be a major TGF-p1 binding site. Therefore, FIG.
2 shows the predicted secondary structures of highest affin-
ity (to TGF-B1) thioapter clones of rounds 5, 9 and 12
(thioaptamers T5_ 14, T9_5, T12_8). Next, an electromo-
bility shift assay (EMSA) was run on the initial library and
on the three high affinity thioaptamer clones selected from
each of rounds 5 and 9.

[0100] FIGS. 3a, 3b, 3c and 34 are gels of electromobility
shift assays of the initial library (3a) and of thioaptamer
candidates T5_ 14, T9_5 and T9_22 (3b, 3¢, 3d). EMSA
was used to test the initial library and the three thioaptamer
candidates for binding affinity to TGF-f1 protein. For the
thioaptamer candidates, 2 nM biotinylated single-stranded
DNA was incubated with 0 (lane 1), 9.8 oM (lane 2), 39.1
oM (lane 3), 156.3 nM (lane 4) and 625 oM of TGF-§1
protein for 30 minutes at room temperature. For the initial
library, 2 nM biotinylated single-stranded DNA was incu-
bated with 0 (lane 1), 500 nM (lane 2), 1000 nM (lane 3),
1500 nM (lane 4) and 2500 nM (Lane 5) of TGF-1 protein
for 30 minutes at room temperature.

[0101] Except for the initial library, each DNA thio-
aptamer candidate yielded three different bands in gel elec-
trophoresis. These three bands were named top, middle and
bottom bands, based on their electrophoretic mobility.
Among these three bands, the bottom band corresponds to
the main band of the initial library (as seen in FIG. 3), and
it can thus be assigned to the monomeric form of the DNA
(FIG. 2 structures). The molecular nature of the two other
bands, top and middle, can be inferred based on the sec-
ondary structures predicted from their sequences. As shown
in combination with FIG. 2, the predicted secondary struc-
tures contain at least two stem-loop regions. One of the
stem-loops is predicted to be long and the other is predicted
to be short. These stem-loop regions can provide the sites for
the formation of homodimeric single-stranded DNA stabi-
lized by intermolecular base pairings. Because there are two
stem-loops, the DNA thioaptamer can form two different
dimeric forms. The two upper bands (top and middle bands
in FIG. 3)) showed a decrease in chemiluminescence inten-
sity as TGF-f1 protein was added, indicating that those two
forms of DNA bind to the protein. The bottom band showed
a negligible decrease in chemiluminescence intensity at the
protein concentrations used, indicating that it does not bind
to the protein.

[0102] The molecular structures corresponding to the
DNA bands observed in the EMSA gel assay were modeled
based on the predicted secondary structures of the thio-
aptamer sequences, as shown in FIGS. 4a, 4b and 4c. DNA
can exist as a monomeric form (FIG. 4c¢), or as two different
dimeric forms (FIGS. 4a and 4b). In the monomeric form,
there are two stem-loops, long and short ones (stems are
presented as thick lines in FIG. da-4¢). If the long stems
undergo intermolecular base pairing so as to form a dimer,
the dimer will assume an elongated form (as shown in FIG.
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4a) which will have a low migration rate in the gel. If the
short stem undergo intermolecular base pairing so as to form
a dimer; the dimer will assume a more compact form with
higher gel mobility than seen for the long stem-loop dimer
(FIG. 4b). The squiggles in the DNA secondary structures of
FIG. 4 represent phosphorothioate-rich regions located
between the two stem-loops. The illustrative EMSA gel of
FIG. 4 was that for the T9 22 thioaptamer.

[0103] The decrease in chemiluminescence intensity of
free DNA thioaptamer upon addition of TGF-f1 protein was
used as a measure of the binding affinity of each thioaptamer
to the target protein. The apparent binding constant, corre-
sponding to a 50% decrease in the original chemilumines-
cence intensity of the band of the initial thioaptamer library
(open circle in the plot of FIG. 5) was 11 uM. The apparent
binding constant of clone T9 35 thioaptamer is circa 150-
480 nM for the top band (closed triangle and solid line) and
ca. 50-200 nM for the middle band (closed square and solid
line). The apparent binding constant of clone T9_ 22 thio-
aptamer is circa 1.4 uM for the top band (closed triangle and
dotted line) and 1.2 uM for the middle band (closed square
and dotted line).

[0104] The monomeric forms of the thioaptamer candi-
dates did not show any significant binding to target protein.
The dimeric forms of T9_5 and T9_22 showed ca. 10-50
fold higher binding affinity to target protein relative to that
of the initial library with the top bands having higher affinity
than the middle band. It is therefore possible that dimeric
forms of the thioaptamers are suitable candidates for target
protein binding. This is consistent with the fact that the
target protein itself, TGF-p1, is a homodimer and that in
protein binding, satisfaction of the symmetry requirement
should enhance the binding affinity of a nucleic acid.

TABLE 1

Apparent binding constants of thioaptamer candidates to TGF-B1

Apparent

binding Improvement relative
Thioaptamer(s) constant to initial library
Initial library 11 uM —

T9_5 top band
T9 5 middle band

150-480 nM  23-73 fold
50-200 oM 55-200 fold

T9_22 top band 1.4 uM  8-fold
T9_22 12 uM  9-fold
[0105] FIG. 5 is a graph that shows binding of T9_5,

T9_ 22 and initial library to TGF-}1 target protein. Based on
the binding data depicted in FIG. 5, indicating that only
dimeric forms of the thioaptamers bind to target protein, the
predicted secondary structures of the selected thioaptamer
candidates, and the modeling of candidate dimerization, the
inventors have proposed a model for thioaptamer-target
protein binding as shown in FIG. 6. It appears that two
forms of the thioaptamer dimers, a compact form (left panel
in FIG. 6) and an elongated form (right panel in FIG. 6)
bind to TGF-f1 protein. The putative DNA-binding sites in
the target protein are marked in dark color, however, the
present invention is not limited in anyway by such markings.
The phosphorothioate-enriched region of the thioaptamer is
represented by a squiggle. The selection of single-stranded
thioaptamer for TGF-f1 protein converged at round 18, as
had been predicted using an algorithm developed by the
present inventors. The convergence is shown in the Clustal
W alignment listing of Table 2, below.
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TABLE 2

Clustal W (1.8) alignment, penality = 20, of sequences of

binding TGF-pl:

clones isolated in 18th round selection of thiocaptamers

T18_2_22

T18.1_3

T18_1.5

T18_1_6

T18_1.7

T18_1_12

T18_1_16

T18.1_20

T18.1. 21

T18 217

T18_2 24

T18.1.2

T18.1_1

T18.1.8

T18.2_13

T18_2_15

T18.2_10

T18.2_1

T18_1_11

T18.1 4

T18_1_ 24

T18.1.9

T18_1_14

T18.1.22

T18.2 2

T18.2_3

T18 2 4

T18.2.5

T18.2_6

T18 2.7

T18 2.9

T18 212

T18 2 14

T18 2 18

T18 219

T18 2 23

1

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

--TGTCGT--TGT--GTC~--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

--TGTCGT--TGT--GTC--CTGTACCCG--CCTTGACCA~

TGTCTCGA--TGCTAGACT-CTATACCCG-~-CCAA-————~

—--TGTGGAC-TG-~--GTCT-ATCCATGCA~-CCTGTACC -~

TGTGT-GTA-TG---GTCC-TTGCATCGATTCCCTG-~~~-~

--TGT-GTC-TA-~---TCG-CTGCACCGTGTCCAT-ACA-~

-==GT-GTG-CGTT-GTC~--TGT--CCGTTTCCTGTCCAC

TGTGGCGT--TGAT-ATCGACTGT -~ ——~—~ CCTTG-CCAC
TTGGTTGA--TGTGCATCG-CTGT -~ -—~—~ TCCTGTCCA~
TTGGTTGA--TGTGCATCG-CTGT -~ -—~—~ TCCTGTCCA~

TGGGTCGC--TG---ATC~~~--GCATCGATACTCT~-~-CCAC

ATCGTCGAC-TG---~-TC--CTGTCACTGT-CCAT--CCA~

--TGGAGG--TGCCTGGA---TATATC~-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC-GA~--CTCGACCC-~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

--TGGAGG--TGCCTGGA---TATATC~-GA~-~-CTCGACCC~

(SED ID NO.

(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED
(SED

(SED

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.
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Clustal W (1.8) alignment, penality = 20, of sequences of
clones isolated in 18th round selection of thiocaptamers

binding TGF-pl:

T18_1_10 1 -GTGTCCT--TGTCTAGCCTCGATA------- CACGACAC-
T18 1 23 1 TGTGGCGT--TG----AC---TGTACACGTCGATACACC--
T18_1_19 1 --TGGCTGG-TCACTGTA--CTCT--CTGC-TCTCCAC---
T18 1 13 1 --TGTAGTG-TCC-TGGC---TATCCACGT--CTCCATT--
T18 118 1 ----TGGAT-CGCTTATCGCCTCGATC----- ATTGCCCA-
T18_1_15 1 -TTGTTGTACTGGC-ATCGCCTCGACTCG---CTG--—=-—=
Consensus 1 tgt ga tg gtc ctgta c g ct gacc

(SED ID NO.: 15)
(SED ID NO.: 16)
(SED ID NO.: 17)
(SED ID NO.: 18)
(SED ID NO.: 19)
(SED ID NO.: 20)
(SED ID NO.: 21)

[0106] In vivo testing of TGF-f thioaptamers. Cancer
model—A thymic nude mouse will have tumor cells that
overexpress TGF-f3 (human colon, breast, prostate, kidney
cancer cells). Tumor cells will be implanted either orthoto-
pically or ectopically and allowed to grow to 5x5x5 mm
size. Animals will be then treated with TGF-$1 thioaptamer.
Treatment may be done 1.p., 1.v., orally, s.c. or as an aerosol.
The thioaptamer may also be packaged in different delivery
systems such as liposomes or nanoparticles. In the orthoto-
pic model, the effect upon angiogenesis, tumor invasion and
metastasis may be determined. TGF-f is a potent inducer of
angiogenesis and stimulates cell motility. Treatment with the
TGF-p thioaptamer is expected to inhibit tumor growth,
inhibit angiogenesis, and cause regression.

[0107] DMBA-induced breast cancer rat model will be
used to examine the effect of TGF-f1 thioaptamer upon
tumor progression as well as the immune system. TGF-J is
a potent immune suppressor. The effects on tumor growth,
metastasis, and immune functions (T and B cell function)
will be examined in the presence and absence of TGF-f1
thioaptamer. In the cancer models, the TGF-f§ thioaptamer
can be used in combination with other known therapeutic
agents that enhance tumor regression or block tumor pro-
gression.

[0108] Fibrosis model—Transgenic mice that overexpress
TGF-p in the liver develop not only liver but renal fibrosis
(Mozes, et al., 1999; Kopp, et al., 1996, Terrel, et al., 1993).
Mice may be treated with TGF-f1 thioaptamer at: 1 week,
3 weeks or 5 weeks of age. Mice are examined for the ability
of TGF-p1 thioaptamer to block TGF-f stimulated liver and
renal fibrosis. Alternatively, the effect of the TGF-p1 thio-
aptamer can be studied in a rat model in which TGF-f is
administered for 14 days. These rats develop glomeruloscle-
rosis (Terrell, et al., 1993). Wound Healing—Apply a skin
wound to a mouse. This will be treated with or without a
TGF-p1 thioaptamer. As a control, TGF- will be applied
topically in presence or absence of the thioaptamer.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 63
<210>
211>
212>
<213>
<220>

223>

SEQ ID NO 1

LENGTH: 74

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

oligonucleotide

FEATURE:

NAME/KEY: modified base
LOCATION: (24)..(53)

OTHER INFORMATION: a, t, c or g

<220>
221>
222>
223>

<400> SEQUENCE: 1

cagtccggat gctctagagt gacnnnnnnn nnnnnnnnnn nnnnnnnnnn nnncgaatct

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

60

cgtgaagceyg agcg

<210>
211>
<212>
<213>
<220>
<223>»

SEQ ID NO 2

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

oligonucleotide primer
<400> SEQUENCE: 2

cagtccggat gctctagagt gac

<210>
211>
212>
<213>
220>
223>

SEQ ID NO 3

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

oligonucleotide primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATICN: Description of Artificial Sequence:

74

Synthetic

23

Synthetic
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<400>

SEQUENCE: 3

cgcteggett cacgagatte g 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 4

tgtegttgtg tcctgtacce gecttgacca 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Segquence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 5

tgtetegatg ctagacteta tacccegecaa 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATICON: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 6

tgtggactgg tctatccatg cacctgtace 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 7

tgtgtgtatg gtcettgecat cgattccetg 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 8

tgtgtctate getgecacegt gtccataca 29

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 9

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :
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<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 9

gtgtgegttg tctgtcegtt tecoctgtecac 30

<210> SEQ ID NO 10

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 10

tgtggegttg atatcgactg tccttgecac 30

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 11

ttggttgatg tgcatcgetg ttcctgtcca 30

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 12

tgggtcegetg atcgecatcga tactetecac 30

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 13

atcgtcgact gtcctgtcac tgtccatccea 30

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 14
tggaggtgece tggatatatc gactcgacce 30
<210> SEQ ID NO 15

<211> LENGTH: 30
«212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 15

gtgtcecttgt ctagectcga tacacgacac 30

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 16

tgtggcegttg actgtacacg tcgatacacc 30

<210> SEQ ID NO 17

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 17

tggetggtea ctgtactete tgetetecac 30

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 18

tgtagtgtee tggetatceca cgtetecatt 30

<210> SEQ ID NO 19

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 19

tggatcgett atcgectcga tcattgecca 30

<210> SEQ ID NO 20

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 20

ttgttgtact ggcatcgect cgactegetg 30

<210> SEQ ID NO 21
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<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

nntgtngann tgnnngtcnn ctgtancngn

<210>
<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 41
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Description of Artificial Sequence: consensus

oligonucleotide sequence
FEATURE:

NAME/KEY: modified_base
LOCATION: (1)..(2)
OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified_base
LOCATION: (6)

OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (9)..(10)
OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (13)..(15)
OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (19)..(20)
OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (26)

OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (28)

OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (30)..(32)
OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (35)

OTHER INFORMATION: a, t,
FEATURE:

NAME/KEY: modified base
LOCATION: (40)..(41)
OTHER INFORMATICN: a, t,

SEQUENCE: 21

SEQ ID NO 22
LENGTH: 6
TYPE: PRT

or g

or g

or g

or g

or g

or ¢

or ¢

or ¢

or g

or g

nnctngacen n 41

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATICN: Description of Artificial Sequence: Synthetic

peptide

SEQUENCE: 22

Ser Gly Ser Gly Ser Gly

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 23
LENGTH: 14
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATICN: Description of Artificial Sequence: Synthetic

polyC oligonucleotide

SEQUENCE: 23
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cccooecccce ccocc 14

<210> SEQ ID NO 24

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 24

aaaggaaacq tgaatcgaca cgtcaccaca 30

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 25

aaggggacag gcaatggaca cgtcaccaca 30

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 26

tggtcaagge gggtacagga cacaacgaca 30

<210> SEQ ID NO 27

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 27

gtgaaagtgce aatggatcca ggaccccaca 30

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 28

gtggcaaggg aaccgatacg cgactctcca 30

«210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide
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<400> SEQUENCE: 29

aggtcaagga acagtaccag 20

<210> SEQ ID NO 30

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 30

tggagaggcg gggaagtcta tgcaccact 29

<210> SEQ ID NO 31

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 31

gtggatagca ggggagtaca ggcaacacca 30

<210> SEQ ID NO 32

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 32

aagggaacag caaggacaga catgtcccac 30

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 33

gtgacgggaa tcgatgcaca gagccataca 30

<210> SEQ ID NO 34

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 34

acggggctat actgtatcca cggcaccacc 30

<210> SEQ ID NO 35

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Seguence: Synthetic



US 2005/0239134 Al
25

-continued

Oct. 27, 2005

oligonucleotide
<400> SEQUENCE: 35

ctgtacagge tagactcgac c 21

<210> SEQ ID NO 36

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 36

aggagaagtg gcaaggcaac tgacagtcca 30

<210> SEQ ID NO 37

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 37

gggtcaagga tcgatacaaq getecateca 30

<210> SEQ ID NO 38

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 38

aggcagagca gcgattcaat gceccacaacg 29

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 39

agggtagcag tgcagtgcag tgaagcgaca 30

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 40

ggtaggcaag gatcgacgtg aacttcaccg 30
<210> SEQ ID NO 41

<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Seguence
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<220> FEATURE:
<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 41

ggtgagggta catgtacaca tcgactcaca 30

<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 42

ataggaggtg catggacacg gcgatgacca 30

<210> SEQ ID NO 43

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 43

caggtagget aggagattac atcgacace 29

<210> SEQ ID NO 44

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 44

aagcctaggg gagtaataca acgggcaacg 30

<210> SEQ ID NO 45

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 45

aggtaaaagg cctgggtgte aatgtccaca 30

<210> SEQ ID NO 46

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 46

atggggtgag tagctgtaca gctagacaca 30

<210> SEQ ID NO 47
<211> LENGTH: 30
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 47

ggtgtagaca gggagcagtg cagctaccag 30

<210> SEQ ID NO 48

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 48

gtggagagga cagcgacgct atcca 25

<210> SEQ ID NO 49

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 49

gtgaatggge gatgtagecet tgecacgaca 30

<210> SEQ ID NO 50

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 50

gtgatacgag acaagcgtag cctcgaccca 30

<210> SEQ ID NO 51

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 51

cagggagata catggccgag atagacacag 30

<210> SEQ ID NO 52

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 52

gtgaagggac tcgatacgcg atgcacatcc 30
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<210> SEQ ID NO 53

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 53

agtgaagttg gcagtgactg catcgatgca 30

<210> SEQ ID NO 54

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 54

cagtggagta tcgagtagag cctcgccaca 30

<210> SEQ ID NO 55

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 55

aggtgaggtt cagtgtecaa tgtatcccca 30

<210> SEQ ID NO 56

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 56

aagttgatat catcgatgca ggtaaccgee 30

<210> SEQ ID NO 57

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 57

aggttacagt ggatatcgat acgccaagece 30

<210> SEQ ID NO 58

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Segquence: Synthetic
oligonucleotide

<400> SEQUENCE: 58

tgaagagata tagctgagca gagaggtcac 30
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<210> SEQ ID NO 58

«<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (11)

<223> OTHER INFORMATICON: a, t, c or g

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (20)

<223> OTHER INFORMATION: a, t, ¢ or g

<400> SEQUENCE: 59

gtgacatgga ncttggggtn gagatgeccca 30

<210> SEQ ID NO 60

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 60

gtgggcagtg tcgcggtgat gtcatcgacc 30

<210> SEQ ID NO 61

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Seguence: Synthetic
oligonucleotide

<400> SEQUENCE: 61
cagtccggat gctctagagt gacggtgagg gtacatgtac acatcgactc acacgaatct 60

cgtgaagccg agcg 74

<210> SEQ ID NO 62

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 62

cagtccggat gectctagagt gacgtgaaag tgcaatggat ccaggacccc acacgaatct 60
cgtgaagccg agcg 74
<210> SEQ ID NO 63

<211> LENGTH: 74

<212> TYPE: DNA
<213> ORGANISM: Artificial Seguence
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-continued

<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Sequence: Synthetic

oligonucleotide

<400> SEQUENCE: 63

cagtccggat gctctagagt gacaagggga caggcaatgg acacgtcacc acacgaatct 60

cgtgaageccg ageg

74

What is claimed is:

1. A partially thio-modified aptamer that binds to a
TGF-beta protein.

2. The aptamer of claim 1, wherein the TGF-beta protein
comprises a human TGF-beta.

3. The aptamer of claim 1, wherein the TGF-beta protein
comprises a TGF-beta dimer.

4. The aptamer of claim 3, wherein the TGF-beta dimer is
a homodimer.

5. The aptamer of claim 4, wherein the TGF-beta
homodimer is a TGF-beta 1, 2 or 3 homodimer.

6. The aptamer of claim 3, wherein the TGF-beta dimer is
a TGFbeta 1, 2 or 3 heterodimer.

7. The aptamer of claim 1, wherein the aptamer comprises
one or more thio-modifications as set forth in SEQ ID NOS:
4-22.

8. The aptamer of claim 1, wherein the aptamer is achiral.

9. The aptamer of claim 1, wherein the aptamer further
comprises a detectable label.

10. The aptamer of claim 1, further comprising one or
more pharmaceutically acceptable salts.

11. The aptamer of claim 1, further comprising a diluent.

12. A partially thio-modified aptamer that binds to a
TGF-beta receptor.

13. The aptamer of claim 12, wherein the TGF-beta
receptor is a signaling receptor.

14. The aptamer of claim 12, wherein the TGF-beta
receptor is a co-receptor.

15. The aptamer of claim 13, wherein the TGF-beta
signaling receptor comprises a human TGF-beta signaling
receptor.

16. The aptamer of claim 13 wherein the TGF-beta
signaling receptor comprises a ThetaRI or a TbetaRII recep-
tor.

17. The aptamer of claim 13, wherein the target of the
aptamer is the GS domain of a ThetaRI receptor.

18. The aptamer of claim 14, where the co-receptor is
TGF-beta 3.

19. The aptamer of claim 12, wherein the aptamer is
achiral.

20. A partially thio-modified aptamer that binds to a
ligand-receptor complex comprising a TGF-beta ligand and
a receptor complex comprising a ThetaRI and a ThetaRII
receptors.

21. The aptamer of claim 20, wherein the target of the
aptamer is the GS domain of a ThetaRI receptor.

22. The aptamer of claim 20, wherein the aptamer is
achiral.

23. A partially thio-modified aptamer that binds to a
ligand binding trap capable of trapping TGF-beta ligands.

24. The aptamer of claim 23, wherein the ligand binding
trap comprises decorin, latency-associated protein (LAP) or
alpha-macroglobulin.

25. The aptamer of claim 23, wherein the aptamer is
achiral.

26. A partially thio-modified aptamer that binds to an
auxiliary protein that promotes binding of TGF-beta ligand
to Theta signaling receptors.

27.The aptamer of claim 26, wherein the auxiliary protein
is a SARA protein.

28. The aptamer of claim 26, wherein the aptamer is
achiral.

29. A partially thio-modified aptamer that binds to a Smad
protein.

30. The aptamer of claim 29, wherein the Smad protein is
an R-Smad, a Co-Smad, an I-Smad or a combination thereof.

31. The aptamer of claim 29, wherein the aptamer is
achiral.

32. A partially thio-modified aptamer that binds to a
TGF-beta protein complex and enhances TGF-beta activity.

33. The aptamer of claim 32, wherein the binding site of
the aptamer on the TGF-beta protein complex comprises a
region of a ligand binding trap protein.

34. The aptamer of claim 32, wherein the binding site of
the aptamer on the TGF-beta protein complex comprises a
region of an inhibitory I-Smad.

35. The aptamer of claim 32, wherein the aptamer is
achiral.

36. A partially thio-modified aptamer that binds to a
TGF-beta protein complex and inhibits TGF-beta activity.

37. The aptamer of claim 36, wherein the binding site of
the aptamer on the TGF-beta protein complex comprises a
region of an R-Smad or a Co-Smad.

38. The aptamer of claim 36, wherein the aptamer is
achiral.

39. A partially modified thioaptamer that inhibits TGF-
beta activity by binding to a TGF-beta ligand, a TGF-beta
ligand-Theta receptor complex, a TGF-beta signaling recep-
tor and co-receptor, to an R-Smad or a Co-Smad.

40. The aptamer of claim 39, wherein the aptamer is
achiral.

41. A partially modified thioaptamer that modifies TGF-
beta activity by binding to a TGF-beta ligand, a TGF-beta
ligand-Theta receptor complex, a TGF-beta signaling recep-
tor and co-receptor, to an R-Smad or a Co-Smad.

42. A method of inhibiting TGF-f activity comprising the
steps of:

providing to a host in need of therapy a pharmaceutically
effective amount of a thioaptamer that specifically
binds to and inhibits TGF-f activity.
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43. The method of claim 42, wherein the thioaptamer is
provided to the host to ameliorate the effects of: fibrosis,
scarring and adhesion during wound healing; fibrotic dis-
eases of the lung, liver and kidney; atherosclerosis, arterio-
sclerosis; cancers including gliomas, colon cancer, prostate
cancer, breast cancer, neurofibromas, lung cancer; angiopa-
thy, vasculopathy, nephropathy; systemic sclerosis; viral
infections accompanied by immune suppression (HIV,
HCV); and immunological disorders and deficiencies (auto-
immune diseases).

44. A method of quantitating TGF-p levels in a sample
comprising the step of contacting a sample with a TGF-f-
specific thioaptamer.

45. The method of claim 44, wherein the samples com-
prises a physiological sample.

46. The method of claim 44, wherein the sample comprise
a blood, tissue, cells, supernatant, media.

47. The method of claim 44, wherein the TGF-f protein
comprises a human TGF-f.

48. The method of claim 44, wherein the TGF-f3 protein
comprises a TGF-f homodimer.

49. The method of claim 44, wherein the TGF-f protein
comprises a TGF-f1, 2 or 3 heterodimer.

50. The method of claim 44, wherein the thioaptamer
comprises one or more thio-modifications as set forth in
SEQ ID NOS.: 4-22.

51. The method of claim 44, wherein the thioaptamer
further comprises a detectable label.

52. The method of claim 44, wherein the thioaptamer
further comprises a detectable detectable selected from the
group consisting of a calorimetric, a fluorescent, a radioac-
tive and an enzymatic agent.

53. Amethod of modulating TGF-f signaling comprising
the steps of:

administering to a host a TGF-f specific thioaptamer that
modulates the activity through the TGF-p receptor in a
dosage effective to reduce activity of the TGF-f.

54. The method of claim 53, wherein the thioaptamer
modulates the activity through the TGF-f receptor by
increasing activity.

55. The method of claim 53, wherein the thioaptamer
modulates the activity through the TGF-f receptor by
decreasing activity.

56. The method of claim 53, wherein the thioaptamer is
selected from the group consisting of SEQ ID NOS.:4-22.

57. A method of treating a pathological condition due to
increased TGF-f activity comprising the steps of:

administering to a host an effective dosage of a thio-

aptamer that modulates TGF-f.

58. The method of claim 57, wherein the thioaptamer
binds to TGF-f, the TGF-f receptor, a TGF-f auxiliary
protein, a TGF-f, ligand binding trap protein or a TGF-f
Smad protein.

59. The method of claim 57, wherein the thioaptamer
modulates the activity through the TGF-f receptor by
increasing activity.

60. The method of claim 57, wherein the thioaptamer
modulates the activity through the TGF-f receptor by
decreasing activity.
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61. The method of claim 57, wherein the thioaptamer is
selected from the group consisting of SEQ ID NOS.: 4-22.

62. The method of claim 57, wherein the pathological
condition comprises:

fibrosis, scarring and adhesion during wound healing;
fibrotic diseases of the lung, liver and kidney; athero-
sclerosis and arteriosclerosis; cancers such as gliomas,
colon cancer, prostate cancer, breast cancer, neurofi-
bromas, lung cancer; angiopathy, vasculopathy, neph-
ropathy;

systemic sclerosis; viral infections accompanied by
immune suppression (HIV, HCV); and

immunological disorders and deficiencies (auto-immune

discases).

63. The method of claim 57, wherein the TGE-f specific
thioaptamer is encapsulated.

64. The method of claim 57, wherein the capsule is
degradable by an external stimulus to release the TGF-f
specific thioaptamer.

65. The method of claim 57, wherein the external stimulus
is selected from the group consisting of UV light, acid,
water, in vivo enzymes, ultrasound and heat.

66. The method of claim 57, wherein the TGF-Pspecific
thioaptamer is bound to a binding molecule.

67. The method of claim 57, wherein the TGF-} specific
thioaptamer is bound to a binding molecule and further
comprising the step of detaching the binding molecule from
the TGE- specific thioaptamer.

68. Amethod of treating a pathological condition in which
increased TGF-f3 activity has been implicated comprising
the steps of:

administering to a host a TGF-f3 specific thioaptamer in a
pharmaceutically acceptable carrier at a dosage effec-
tive to reduce TGF-f activity.

69. The method of claim 68, wherein the pharmaceuti-
cally acceptable carrier is selected from the group consisting
of a cream, gel, aerosol and powder for topical application.

70. The method of claim 68, wherein the pharmaceuti-
cally acceptable carrier is selected from the group consisting
of a sterile solution for injection, irrigation and inhalation.

71. The method of claim 68, wherein the pharmaceuti-
cally acceptable carrier comprises a sterile dressing for
topically covering a wound.

72. The method of claim 68, wherein the pharmaceuti-
cally acceptable carrier is selected from the group consisting
of a biopolymer and a polymer for implanting within a
wound.

73. The method of claim 68, further comprising the step
of administering a growth factor other than TGF-f.

74. The method of claim 68, wherein the TGF-f specific
thioaptamer is encapsulated.

75. A method of modulating TGF-f signaling comprising
the steps of:

administering to a host a TGF-p3 ligand binding trap
specific thioaptamer that modulates the activity through
the TGF-§ receptor in a dosage effective to reduce
activity of the TGF-p.
76. A method of modulating TGF-f signaling comprising
the steps of:
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administering to a host a TGF-f} auxiliary protein specific specific thioaptamer that modulates the activity through the
thioaptamer that modulates the activity through the TGF-p receptor in a dosage effective to reduce activity of the
TGF-p receptor in a dosage effective to reduce activity TGF-p.
of the TGF-f.
77. A method of modulating TGF-f signaling comprising
the steps of: administering to a host a TGF-§ Smad protein ok ok ko
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