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Oligonucleotide Analogs Having Cationic Intersubunit Linkages

FIELD OF THE INVENTION

The present invention relates to oligonucleotide analogs (oligomers) useful as antisense

compounds, and more particularly to oligomers containing cationic linkages, and the use of

such oligomers in antisense applications. Particularly preferred are morpholino oligomers

containing both uncharged linkages and cationic linkages, where both can be

phosphorodiamidate linkages, and exemplary cationic linkages include a (1-piperazino)

phosphinylideneoxy linkage and a (l-(4-( ω-guanidino-alkanoyl))-piperazino)

phosphinylideneoxy linkage.
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BACKGROUND OF THE INVENTION

Requirements for successful implementation of antisense therapeutic molecules, which

are generally designed to bind to DNA or RNA of disease-causing proteins to prevent the

production of such proteins, include (a) stability in vivo, (b) sufficient membrane

permeability and cellular uptake, and (c) a good balance of binding affinity and sequence

specificity. Many oligonucleotide analogs have been developed in which the phosphodiester

linkages of native DNA are replaced by other linkages that are resistant to nuclease

degradation (see e.g. Barawkar and Bruice 1998; Linkletter, Szabo et al. 2001; Micklefield

2001). Antisense oligonucleotides having various backbone modifications other than to the

internucleoside linkage have also been prepared (Crooke 2001; Micklefield 2001). In

addition, oligonucleotides have been modified by peptide conjugation in order to enhance

cellular uptake (Moulton, Nelson et al. 2004; Nelson, Stein et al. 2005).

The performance of such nucleic acid analogs as antisense or antigene drugs has been



hampered by certain characteristics of the various analogs. For example, analogs with

negatively charged linkages, including phosphorothioate-linked analogs, suffer from

considerable electrostatic repulsion between the negative charges of the oligomer and the

DNA or RNA target. The phosphorothioates also exhibit non-specific binding to other

cellular components such as proteins. These attributes limit the usefulness of antisense

oligomers comprised of native RNA, native DNA, and negatively charged analogs as

therapeutic agents (Crooke 2001). The nonionic methylphosphonate-linked oligonucleotide

analogs can be transported into cells by passive diffusion and/or fluid phase endocytosis, but

their use is hampered by stereoisomeric complexity and poor solubility (Crooke 2001;

Micklefield 2001).

Several groups have reported the synthesis of positively charged oligonucleotides

(Bailey, Dagle et al. 1998; Micklefield 2001; EgIi, Minasov et al 2005). For example, a

class of guanidinium linked nucleosides (designated DNG), formed by replacement of the

phosphate linkages in DNA and RNA by achiral guanidino groups, has been reported

(Dempcy, Almarsson et al. 1994; Dempcy, Luo et al. 1996; Barawkar and Bruice 1998;

Linkletter, Szabo et al. 2001). Oligomers linked with positively charged methylated thiourea

linkages have also been reported (Arya and Bruice 1999). Replacement of some of these

linkages with neutral urea linkages is reported to reduce the tendency of such positively

charged oligomers towards non-sequence-specific binding (Linkletter and Bruice, 2000).

However, there remains a need for oligonucleotide analogs with improved antisense or

antigene performance, particularly in the area of stronger affinity for DNA and RNA, without

compromising sequence selectivity.

SUMMARY

The invention provides, in one aspect, an oligomer comprising a backbone consisting of

a sequence of morpholino ring structures joined by intersubunit linkages, where each such

ring structure supports a base-pairing moiety, such that said oligomer can bind in a sequence-

specific manner to a target nucleic acid, and where at least one intersubunit linkage between

two consecutive such ring structures contains a pendant cationic group. The pendant group

bears a distal nitrogen atom that can bear a positive charge at neutral or near-neutral (e.g.

physiological) pH.

The intersubunit linkages are preferably phosphorus-containing linkages, having the

structure:



where

W is S or O, and is preferably O,

X = NR1R2 or OR6,

Y = O or NR7,

and each said linkage in the oligomer is selected from:

(a) uncharged linkage (a), where each of R1, R2, R6 and R7 is independently selected

from hydrogen and lower alkyl;

(bl) cationic linkage (bl), where X = NR 1R2 and Y = O, and NR 1R2 represents an

optionally substituted piperazino group, such that R1R2 = -CHRCHRN(R 3)(R4)CHRCHR-,

where

each R is independently H or CH3,

R4 is H, CH3, or an electron pair, and

R3 is selected from H, lower alkyl, C(=NH)NH2, Z-L-NHC(^NH)NH 2,and

[C(0)CHR'NH] mH, where: Z is C(O) or a direct bond, L is an optional linker up to 18 atoms

in length, preferably upt to 12 atoms, and more preferably up to 8 atoms in length, having

bonds selected from alkyl, alkoxy, and alkylamino, R ' is a side chain of a naturally occurring

amino acid or a one- or two-carbon homolog thereof, and m is 1 to 6, preferably 1 to 4;

(b2) cationic linkage (b2), where X = NR1R2 and Y = O, R1= H or CH3, and R2 =

LNR3R4R5, where L, R3, and R4 are as defined above, and R5 is H, lower alkyl, or lower

(alkoxy)alkyl; and

(b3) cationic linkage (b3), where Y = NR7 and X = OR6, and R7 = LNR3R4R5, where L,

R3, R4 and R5 are as defined above, and R6 is H or lower alkyl;

and at least one said linkage is selected from cationic linkages (bl), (b2), and (b3).

Preferably, the oligomer includes at least two consecutive linkages of type (a) (i.e.

uncharged linkages). In further embodiments, at least 5% of the linkages in the oligomer are

cationic linkages (i.e. type (bl), (b2), or (b3)); for example, 10% to 80%, 10% to 50%, or

10% to 35% of the linkages may be cationic linkages.

Preferably, all cationic linkages in the oligomer are of the same type; i.e. all of type (bl),



all of type (b2), or all of type (b3).

In one embodiment, at least one linkage is of type (bl), where, preferably, each R is H,

R4 is H, CH3, or an electron pair, and R3 is selected from H, lower alkyl, e.g. CH3,

C(=NH)NH 2, and C(O)-L-NHC(=NH)NH 2. The latter two embodiments of R3 provide a

guanidino moiety, either attached directly to the piperazine ring, or pendant to a linker group

L, respectively. For ease of synthesis, the variable Z in R is preferably C(O) (carbonyl), as

shown.

The linker group L, as noted above, contains bonds in its backbone selected from alkyl

(e.g. -CH2-CH2-), alkoxy (-C-0-), and alkylamino (e.g. -CH2-NH-), with the proviso that the

terminal atoms in L (e.g., those adjacent to carbonyl or nitrogen) are carbon atoms. Although

branched linkages (e.g. -CH2-CHCH3-) are possible, the linker is preferably unbranched. In

one embodiment, the linker is a hydrocarbon linker. Such a linker may have the structure

-(CH ) , -, where n is 1-12, preferably 2-8, and more preferably 2-6.

The morpholino subunits have the structure:

(i)

where Pi is a base-pairing moiety, and the linkages depicted above connect the nitrogen

atom of (i) to the 5' carbon of an adjacent subunit. The base-pairing moieties Pi may be the

same or different, and are generally designed to provide a sequence which binds to a target

nucleic acid.

The use of embodiments of linkage types (bl), (b2) and (b3) above to link morpholino

subunits may be illustrated graphically as follows:



(bl) (b2) (b3)

Preferably, at least 5% of the linkages in an oligomer are selected from cationic linkages

(bl), (b2), and (b3); in further embodiments, 10% to 35% of the linkages are selected from

cationic linkages (bl), (b2), and (b3). As noted above, all of the cationic linkages in an

oligomer are preferably of the same type or structure.

In further embodiments, the cationic linkages are selected from linkages (bl ') and (bl")

as shown below, where (bl") is referred to herein as a "Pip" linkage and (bl") is referred to

herein as a "GuX" linkage:

(a) (bl')

(bl")

In the structures above, W is S or O, and is preferably O; each of R 1 and R2 is

independently selected from hydrogen and lower alkyl, and is preferably methyl; and A

represents hydrogen or a non-interfering substituent on one or more carbon atoms in (bl ')



and (bl"). Preferably, each A is hydrogen; that is, the nitrogen heterocycle is preferably

unsubstituted. In further embodiments, at least 10% of the linkages are of type (bl') or (bl");

for example, 20% to 80%, 20% to 50%, or 20% to 30% of the linkages may be of type (bl ')

or (bl").

In other embodiments, the oligomer contains no linkages of type (bl '). Alternatively,

the oligomer contains no linkages of type (bl) where each R is H, R3 is H or CH3, and R4 is

H, CH3, or an electron pair.

In still further embodiments, the cationic linkages are of type (b2), where L is a linker up

to 12 atoms in length having bonds selected from alkyl (e.g. -CH2-CH2-), alkoxy (-C-O-), and

alkylamino (e.g. -CH2-NH-), with the proviso that the terminal atoms in L (e.g., those

adjacent to carbonyl or nitrogen) are carbon atoms.

The morpholino subunits may also be linked by non-phosphorus-based intersubunit

linkages, as described further below, where at least one linkage is modified with a pendant

cationic group as described above. For example, a 5'nitrogen atom on a morpholino ring

could be employed in a sulfamide linkage (see e.g. Fig. 2G) or a urea linkage (where

phosphorus is replaced with carbon or sulfur, respectively) and modified in a manner

analogous to the 5'-nitrogen atom in structure (b3) above.

The subject oligomer may also be conjugated to a peptide transport moiety which is

effective to enhance transport of the oligomer into cells. The transport moiety is preferably

attached to a terminus of the oligomer, as shown, for example, in Figure ID, as well as

Figures 2P-2Q.

Preferably, the transport moiety comprises 6 to 16 amino acids and is composed of

subsequences selected from the group consisting of (X'Y'X'),(X'Y'),(X'Z'), and (X'Z'Z'),

where

(a) each X' subunit independently represents arginine or an arginine analog, said analog

being a cationic α-amino acid comprising a side chain of the structure R1N=C(NH2)R2, where

R 1 is H or R; R2 is R, NH2, NHR, or NR2, where R is lower alkyl or lower alkenyl and may

further include oxygen or nitrogen; R1 and R2 may together form a ring; and the side chain is

linked to said amino acid via R1 or R2;

(b) each Y' subunit independently represents a neutral linear amino acid

-C(O)-(CHR)n-NH-, where n is 1 to 7 and each R is independently H or methyl; and

(c) each Z' subunit independently represents an α-amino acid having a neutral aralkyl

side chain.



In selected embodiments, the peptide comprises a sequence which consists of at least

two, or at least three, repeats of a single subsequence selected from (X'Y'X'),(X'Y'),(X'Z'),

and (X'Z'Z'). For example, the peptide may comprise a sequence represented by one of

(X'Y'X')p, (X'Y')m, and (X'Z'Z') P, where p is 2 to 5 and m is 2 to 8.

Preferably, for each X', the side chain moiety is guanidyl; each Y' is -CO-(CH2)n-NH-,

where n is 1 to 7; and each Z' is phenylalanine. In preferred embodiments of Y', n is 2 or 5,

such that Y' is selected from a β-alanine subunit and a 6-aminohexanoic acid subunit.

Preferred peptides of this type include those comprising arginine dimers alternating with

single Y' subunits, where Y' is preferably Ahx. Examples include peptides having the

formula (RY'R) 4 or the formula (RRY') 4 where Y' is preferably Ahx. In one embodiment,

Y' is a 6-aminohexanoic acid subunit and p is 4 . In a further embodiment, each Z' is

phenylalanine, and m is 3 or 4.

The conjugated peptide is preferably linked to a terminus of the oligomer via a linker

Ahx-B, where Ahx is a 6-aminohexanoic acid subunit and B is a β-alanine subunit, as shown,

for example, in Fig. ID.

In a related aspect, the invention provides a method of enhancing antisense activity of an

oligomer having a sequence of morpholino subunits, joined by intersubunit linkages,

supporting base-pairing moieties, by modifying said oligomer to contain at least one cationic

intersubunit linkage as disclosed herein. In one embodiment, said cationic intersubunit

linkage(s) do not include linkages of type (bl ') as depicted above. Enhancement of antisense

activity may be evidenced by:

(i) a decrease in expression of an encoded protein, relative to that provided by a

corresponding unmodified oligomer, when binding of the antisense oligomer to its target

sequence is effective to block a translation start codon for the encoded protein, or

(ii) an increase in expression of an encoded protein, relative to that provided by a

corresponding unmodified oligomer, when binding of the antisense oligomer to its target

sequence is effective to block an aberrant splice site in a pre-mRNA which encodes said

protein when correctly spliced. Assays suitable for measurement of these effects are

described further below. In one embodiment, modification provides this activity in a cell-free

translation assay, or a splice correction translation assay in cell culture, as described herein.

Preferably, activity is enhanced by a factor of at least two, more preferably by a factor of at

least five, and most preferably by a factor of at least ten.



The compounds described herein may be used in methods of inhibiting production of a

protein. Accordingly, a nucleic acid encoding such a protein is exposed to an antisense

oligomer containing at least one cationic intersubunit linkage, and preferably containing 20%

to 50% such cationic linkages, as disclosed herein, where the base pairing moieties Pi form a

sequence effective to hybridize to a portion of the nucleic acid at a location effective to

inhibit production of the protein. The location may be, for example, an ATG start codon of

an mRNA, a splice site of a pre-mRNA, or a viral target sequence as described below.

Preferably, the oligomer has a Tm with respect to binding to the target sequence of

greater than about 5 O0C, and it is actively taken up by mammalian cells. The oligomer may

be conjugated to a transport moiety as described herein to facilitate such uptake.

In one embodiment, the oligomer can be used in a method of reducing the risk of

restenosis in a region of a patient's coronary vessel which has been treated by coronary

angioplasty using a catheter with a distal-end expandable balloon, or which is at a junction

formed in a coronary bypass operation. The method includes administering to the patient, by

local administration directly to the vessel site of injury, an oligomer as described herein,

containing at least one cationic intersubunit linkage, and preferably containing 20% to 50%

such cationic linkages, having from 12 to 40 subunits, including a targeting base sequence

that is complementary to a target sequence of at least 12 contiguous bases within the AUG

start site region of human c-myc mRNA defined by SEQ K) NO: 59, in an amount effective

to reduce the risk of restenosis in the patient. The compound is administered by one of:

(a) contacting the region of the vessel with a reservoir containing the antisense

compound, and introducing the compound from the reservoir into the vessel by iontophoresis

or electroporation;

(b) injecting the compound from the catheter directly into the region of the vessel, under

pressure, through injectors contained on the surface of the catheter balloon, where said

injectors are capable of penetrating the tunica media in the vessel;

(c) injecting into or contacting the region of the vessel, microparticles containing the

antisense compound in entrapped form;

(d) contacting the region of the vessel with a hydrogel coating contained on the surface

of the catheter balloon, and containing the antisense compound is diffusable form;

(e) contacting the region of the vessel with a stent having an outer surface layer

containing the antisense compound in diffusable form; and

(f) injecting the compound by intravascular administration, resulting in systemic delivery

to the vascular tissues.



The antisense compound may have a targeting sequence having at least 90% homology

to the sequence identified by SEQ ID NO: 43, and alternatively, at least 90% homology to a

sequence selected from SEQ ID NOs: 60 and 61.

In another embodiment, the oligomer can be targeted against an mRNA sequence having

its 5' end 1 to about 25 base pairs downstream of a normal splice acceptor junction in a

preprocessed mRNA. Such targeting is effective to inhibit natural mRNA splice processing

and produce splice variant mRNAs.

Suitable target proteins include, for example, transcription factors, particularly oncogenic

or proto-oncogenic proteins such as myc, myb, rel, fos, jun, abl, bcl, and p53; matrix proteins,

such as integrins and cathedrins; other tumor-expressed proteins, such as hCG; telomerases;

receptor proteins; viral proteins, such as those expressed from the subgenomic spliced

mRNAs of HIV, human papilloma virus, and human parvovirus B19; and

immunomodulatory proteins such as, for example, CTLA-4, B7-2, PD-I, Foxp3, TGFbeta,

and TNF receptor.

In another embodiment, the oligomer can be used for inhibiting replication of an RNA

virus from the picornavirus, calicivirus, togavirus or flavivirus families, having a single-

stranded, positive sense genome of less than 12 kb, and a first open reading frame that

encodes a polyprotein containing multiple functional proteins. Accordingly, the virus, or,

typically, a cell infected with the virus, is exposed to an oligomer as disclosed herein,

containing at least one cationic intersubunit linkage, and preferably containing 20% to 50%

such cationic linkages, and having a sequence of subunits supporting a targeting base

sequence that is substantially complementary to a viral target sequence which spans the

translation initiation region of the first open reading frame.

Exemplary targeting sequences have at least 90% homology to a sequence selected from

the group consisting of:

(i) SEQ ID NO. 62, for a polio virus of the Mahoney and Sabin strains,

(ii) SEQ ID NO. 63, for a hepatitis A virus,

(iii) SEQ ID NO. 64, for a rhinovirus 14,

(iv) SEQ ID NO. 65, for a rhinovirus 16,

(v) SEQ ID NO. 66, for a rhinovirus IB,

Other exemplary targeting sequences, directed against a calcivirus, have at least 90%

homology to a sequence selected from the group consisting of:

(i) SEQ ID NOs. 67, 68, and 69, for a serotype Pan-1 vesivirus,

(ii) SEQ ID NO. 70, for a porcine calicivirus,



(iii) SEQ ID NO. 71, for a Norwalk virus, and

(iv) SEQ ID NO. 72, for a feline calicivirus.

For use in inhibition of hepatitis E virus, the targeting sequence has at least 90%

homology to a sequence selected from the group consisting of SEQ ID NOs: 73 and 74. For

use in inhibition of a hepatitis C flavivirus, the targeting sequence is complementary to a

sequence of at least 12 contiguous bases of the HCV AUG start-site region identified by SEQ

ID NO: 75. Exemplary targeting sequences include those having at least 90% homology to

SEQ ID NOs. 18 and 76.

In a further embodiment, the oligomers can be used in inhibiting replication within a host

cell of an RNA virus having a single-stranded, positive-sense genome and selected from one

of the Flaviviridae, Picornoviridae, Caliciviridae, Togaviridae, Arteriviridae, Coronaviridae,

Astroviridae or Hepeviridae families.

The method includes first identifying as a viral target sequence, a region within the

5'-terminal 40 bases of the positive strand of the infecting virus whose sequence is capable of

forming internal stem-loop secondary structure. There is then constructed, by stepwise

solid-phase synthesis, an oligomer having at least one cationic intersubunit linkage as

described herein, and preferably containing 20% to 50% such cationic linkages, and having a

targeting sequence of at least 12 subunits that is complementary to the virus-genome region

capable of forming internal duplex structure, where the oligomer is able to form with the viral

target sequence, a heteroduplex structure composed of the positive sense strand of the virus

and the oligonucleotide compound, and characterized by a Tm of dissociation of at least 450C

and disruption of such stem-loop structure.

The target sequence may be identified by analyzing the 5'-terminal sequences, e.g., the

5'-terminal 40 bases, by a computer program capable of performing secondary structure

predictions based on a search for the minimal free energy state of the input RNA sequence.

In a related aspect, the oligomers can be used in methods of inhibiting in a mammalian

host cell, replication of an infecting RNA virus having a single-stranded, positive-sense

genome and selected from one of the Flaviviridae, Picornoviridae, Caliciviridae, Togaviridae,

Arteriviridae, Coronaviridae, Astroviridae or Hepeviridae families. The method includes

administering to the infected host cells, a virus-inhibitory amount of an oligomer as described

herein, having a targeting sequence of at least 12 subunits that is complementary to a region

within the 5'-terminal 40 bases of the positive-strand viral genome that is capable of forming

internal stem-loop secondary structure. The compound is effective, when administered to the

host cells, to form a heteroduplex structure (i) composed of the positive sense strand of the



virus and the oligonucleotide compound, and (ii) characterized by a Tm of dissociation of at

least 450C and disruption of such stem-loop secondary structure. The compound may be

administered to a mammalian subject infected with the virus, or at risk of infection with the

virus.

For treatment of a Flavivirus or Hepacivirus, the targeting sequence is complementary to

a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ ED NO. 77, for St Louis encephalitis virus;

(ii) SEQ ID NO. 78, for Japanese encephalitis virus;

(iii) SEQ ID NO. 79, for a Murray Valley encephalitis virus;

(iv) SEQ ID NO. 80, for a West Nile fever virus;

(v) SEQ ID NO. 81, for a Yellow fever virus

(vi) SEQ ID NO. 82, for a Dengue Type-2 virus;

(vii)SEQ ID NO. 83, for a Hepatitis C virus;

(viii) SEQ ID NO. 84, for a tick-borne encephalitis virus;

(ix) SEQ ID NO. 85, for Omsk hemorrhagic fever virus; and

(x) SEQ ID NO. 86, for Powassan virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary

structure in the associated target sequence:

(i) SEQ ID NOS. 87 and 88, for St Louis encephalitis virus;

(ii) SEQ ID NOS. 89 and 90, for Japanese encephalitis virus;

(iii) SEQ ID NOS. 9 1 and 92, for a Murray Valley encephalitis virus;

(iv) SEQ E) NOS. 93 and 94, for a West Nile fever virus;

(v) SEQ ID NOS. 95 and 96, for a Yellow fever virus;

(vi) SEQ ID NOS. 97, 98, for a Dengue virus;

(vii)SEQ ID NOS. 99 and 100, for a Hepatitis C virus;

(viii) SEQ ID NOS. 101 and 102, for a tick-borne encephalitis virus;

(ix) SEQ ID NOS. 103 and 104, for Omsk hemorrhagic fever virus; and

(x) SEQ ID NOS. 105 and 106, for Powassan virus.

For treatment of an Enterovirus, Rhinovirus, Hepatovirus or Aphthovirus, the targeting

sequence is complementary to a region associated with stem-loop secondary structure within

one of the following sequences:

(i) SEQ ID NO. 107, for a polio virus of the Mahoney and Sabin strains;



(ii) SEQ ID NO. 108, for a Human enterovirus A;

(iii) SEQ ID NO. 109, for a Human enterovirus B;

(iv) SEQ ID NO. 110, for a Human enterovirus C;

(v) SEQ ID NO. 111, for a Human enterovirus D;

(vi) SEQ ID NO. 112, for a Human enterovirus E;

(vii) SEQ ID NO. 113, for a Bovine enterovirus;

(viii) SEQ ID NO. 114, for Human rhinovirus 89;

(ix) SEQ ID NO. 115, for Human rhinovirus B;

(x) SEQ ID NO. 116, for Foot-and-mouth disease virus; and

(xi) SEQ BD NO. 117, for a hepatitis A virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary

structure in the associated target sequence:

(i) SEQ ID NOS. 118 and 119, for a polio virus of the Mahoney and Sabin strains;

(ii) SEQ ID NOS. 120 and 121, for a Human enterovirus A;

(iii) SEQ ID NOS. 122 and 123, for a Human enterovirus B;

(iv) SEQ ID NOS. 124 and 125, for a Human enterovirus C;

(v) SEQ ID NOS. 126 and 127, for a Human enterovirus D;

(vi) SEQ ID NOS. 128 and 129, for a Human enterovirus E;

(vii) SEQ ID NOS. 130 and 131, for a Bovine enterovirus;

(viii) SEQ ID NOS. 132 and 133, for Human rhinovirus 89;

(ix) SEQ ID NOS. 134 and 135, for Human rhinovirus B;

(x) SEQ ID NOS. 136 and 137, for Foot-and-mouth disease virus; and

(xi) SEQ ID NOS. 138 and 139, for a hepatitis A virus.

For treatment of a Calicivirus or Norovirus, the targeting sequence is complementary to

a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ ID NO. 140, for a Feline Calicivirus;

(ii) SEQ ID NO. 141, for a Canine Calicivirus;

(iii) SEQ ID NO. 142, for a Porcine enteric calicivirus;

(iv) SEQ ID NO. 143, for Calicivirus strain NB; and

(v) SEQ ID NO. 144, for a Norwalk virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary



structure in the associated target sequence:

(i) SEQ K) NOS. 145 and 146, for a Feline Calicivirus;

(ii) SEQ ID NOS. 147 and 148, for a Canine Calicivirus;

(iii) SEQ ID NOS. 149 and 150, for a Porcine enteric calicivirus;

(iv) SEQ ID NOS. 151 and 152, for Calicivirus strain NB; and

(v) SEQ ID NOS. 153 and 154, for a Norwalk virus.

For treatment of the Hepevirus, Hepatitis E virus, the targeting sequence is

complementary to a region associated with stem-loop secondary structure within the

sequence identified as SEQ ID NO: 155. Exemplary targeting sequences include SEQ ID

NOS: 156 and 157, or portions thereof that overlap with one or more regions of secondary

structure in the associated target sequence.

For treatment of aRubivirus or Alphαvirus the targeting sequence is complementary to a

region associated with stem-loop secondary structure within one of the following sequences:

(i) SEQ K) NO. 158, for Rubella virus;

(ii) SEQ ID NO. 159, for Eastern equine encephalitis virus;

(iii) SEQ K) NO. 160, for Western equine encephalitis virus; and

(iv) SEQ K) NO. 161, for Venezuelan equine encephalitis virus.

Exemplary targeting sequences for each of these viruses are identified by the following

sequence K) numbers, or portions of these sequences that overlap with one or more regions of

duplex secondary structure in the associated target sequence:

(i) SEQ ID NOS. 162 and 163, for Rubella virus;

(ii) SEQ K) NOS. 164 and 165, for Eastern equine encephalitis virus;

(iii) SEQ K) NOS. 166 and 167, for Western equine encephalitis virus; and

(iv) SEQ K) NOS. 168 and 169, for Venezuelan equine encephalitis virus

For treatment of a Coronαvirus or Arterivirus, the targeting sequence is complementary

to a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ K) NO. 170, for SARS coronavirus T0R2;

(ii) SEQ K) NO. 171, for Porcine epidemic diarrhea virus;

(iii) SEQ K) NO. 172, for Transmissible gastroenteritis virus;

(iv) SEQ K) NO. 173, for Bovine coronavirus;

(v) SEQ K) NO. 174, for Human coronavirus 229E;

(vi) SEQ K) NO. 175, for Murine hepatitis virus; and

(vii) SEQ ID NO. 176, for Porcine reproductive and respiratory syndrome virus.



Exemplary targeting sequences for each of these viruses are identified by the following

sequence ID numbers, or portions of these sequences that overlap with one or more regions of

duplex secondary structure in the associated target sequence:

(i) SEQ ID NOS. 177 and 178, for SARS coronavirus TOR2;

(ii) SEQ ID NOS. 179 and 180, for Porcine epidemic diarrhea virus;

(iii) SEQ ID NOS. 181 and 182, for Transmissible gastroenteritis virus;

(iv) SEQ ID NOS. 183 and 184, for Bovine coronavirus;

(v) SEQ ID NOS. 185 and 186, for Human coronavirus 229E;

(vi) SEQ ID NOS. 187 and 188, for Murine hepatitis virus; and

(vii)SEQ ID NOS. 189 and 190, for Porcine reproductive and respiratory syndrome

virus.

For treatment of a Mamastrovirus, Human astrovirus, the targeting sequence is

complementary to a region associated with stem-loop secondary structure within the

sequence identified as SEQ ID NO: 191. Exemplary targeting sequences are SEQ ID NOS.

193 and 194, or portions of these sequences that overlap with one or more regions of duplex

secondary structure in the associated target sequence.

For treatment of an Equine arteritis virus, the targeting sequence is complementary to a

region associated with stem-loop secondary structure within the sequence identified as SEQ

ID NO: 192. Exemplary targeting sequences are SEQ ID NOs. 195, 196, or portions of these

sequences that overlap with one or more regions of duplex secondary structure in the

associated target sequence.

In a method for selectively inhibiting HIV-I replication in activated, HIV-infected

human hematopoietic cells, e.g., macrophage or T lymphocyte cells, such activated, HIV-I

infected cells are exposed to an antisense oligomer as described herein, having at least one

cationic intersubunit linkage as described herein, and preferably containing 20% to 50% such

cationic linkages, and having a base sequence that is substantially complementary to a viral

target sequence composed of at least 12 contiguous bases in a region of HIV-I positive strand

RNA identified by one of the sequences selected from the group consisting of SEQ ID NOs:

197-199, preferably.

In one embodiment, the oligomer is capable of hybridizing with a region of SEQ ED NO:

197, to inhibit the synthesis of the HIV Vif protein in the infected cells. The compound in this

embodiment may have at least 12 contiguous bases from one of the sequences selected from

the group consisting of SEQ ID NOs:200-203.

In another embodiment, the oligomer is capable of hybridizing with a region of SEQ ID



NO: 18, to inhibit the transcription of HIV mRNA transcripts. The compound in this

embodiment may have at least 12 contiguous bases from the sequences identified as SEQ ID

NOs:204 and 205.

In another embodiment, the oligomer is capable of hybridizing with a region of SEQ ID

NO: 19, to inhibit reverse transcription of viral RNA by blocking the minus-strand transfer

step. The compound in this embodiment may have at least 12 contiguous bases from the

sequence identified as SEQ ID NO:206.

In another embodiment, the oligomer can be used in a method of inhibiting replication of

a nidovirus in human cells, by exposing the cells to an oligomer as described herein,

containing at least one cationic intersubunit linkage, and preferably containing 20% to 50%

such cationic linkages, in an amount sufficient to inhibit nidovirus replication in the virus-

infected cells. The oligomer has a sequence that is complementary to at least 8 bases

contained in a sequence in a 5' leader sequence of the nidovirus' positive-strand genomic

RNA from the group SEQ ED NOs: 207-209, each sequence of which includes an internal

leader transcriptional regulatory sequence; and

The oligomer is capable of forming with the nidovirus positive-strand genomic RNA a

heteroduplex structure characterized by (1) a Tm of dissociation of at least 45 0C, and (2) a

disrupted base pairing between the transcriptional regulatory sequences in the 5' leader region

of the positive-strand viral genome and negative-strand 3' subgenomic region.

The compound sequence may be complementary to at least a portion of the

transcriptional regulatory sequence contained within one of the sequences SEQ ID NOS: 207-

209. Exemplary compound sequences in this embodiment include SEQ ID NOs: 210-214.

For use in inhibiting replication of human SARS virus, the compound may contain one of

sequences SEQ DD NOs: 213 and 214. For use in inhibiting replication of human coronavius-

229E or human coronavirus-OC43, the compound may contain one of the sequences SEQ ID

NOS:210 or 2 11, for the coronavirus-229E, and the sequence SEQ ID NO: 212, for the

coronavirus-OC43.

For use in treating a nidovirus infection in a human subject, the compound may be

administered orally to the subject, or by pulmonary delivery, to contact the compound with

the virus-infected cells.

In another embodiment, the oligomer can be used in a method of inducing human

dendritic cells to a condition of reduced capacity for antigen-specific activation of T cells,

and, in mature dendritic cells, increased production of extracellular IL-IO. The method

includes exposing a population of human dendritic cells to an oligomer as described herein,



containing at least one cationic intersubunit linkage, and preferably containing 20% to 50%

such cationic linkages, and containing a base sequence effective to hybridize to an

expression-sensitive region of a preprocessed or processed human CD-86 transcript

identified, in its processed form, by SEQ ID NO: 215, to form, between the compound and

transcript, a heteroduplex structure having a Tm of at least 450C. The heteroduplex formation

blocks expression of full-length CD86 in the cells, which in turn, produces inhibition of the

expression of full-length CD86 on the surface of dendritic cells, and produces enhanced

expression of extracellular IL-IO by mature dendritic cells.

Where the antisense oligomer is effective to hybridize to an expression-sensitive target

region adjacent the start site of the processed human CD86 transcript, the oligomer may have

a base sequence that is complementary to a target region containing at least 12 contiguous

bases in a processed human CD86 transcript identified by SEQ ID NO: 216, where the

compound is effective to block translation of the processed transcript. The antisense

compound may have, for example, one of the base sequences identified by SEQ ID NOs:

48-50.

Where the antisense oligomer is effective to hybridize to a splice site of preprocessed

human CD86, the compound may have a base sequence that is complementary to at least 12

contiguous bases of a splice site in a preprocessed human CD86 transcript, where the

compound is effective to block processing of a preprocessed CD86 transcript to produce a

full-length, processed CD 86 transcript. The splice site in the preprocessed CD86 transcript

may have one of the sequences identified by SEQ ID NOs: 217-220. The antisense

compound may have, for example, one of the base sequences identified by SEQ ID NOs:

51-54.

For use in inhibiting transplantation rejection in a human subject receiving an allograft

tissue or organ, the oligomer is administered to the subject in an amount effective to inhibit

the rate and extent of rejection of the transplant. The compound may be administered both

prior to and following the allograft tissue or organ transplantation in the subject, and

compound administration may be carried out for a selected period of 1-3 weeks. The

compound may be further administered to the subject, as needed, to control the extent of

transplantation rejection in the subject.

For use in treating an autoimmune condition in a human subject, the oligomer may be

administered to the subject, in an amount effective to reduce the severity of the autoimmune

condition. The compound may be administered over an extended period of time, as needed,

to control the severity of the autoimmune condition in the subject.



In another embodiment, the oligomer can be used in a method of inhibiting replication

within a host cell of an RNA virus having a single-stranded, negative sense genome and

selected from the Orthomyxoviridae family including the Influenzavirus A, Influenzavirus B

and Influenzavirus C genera. The host cell is contacted with an oligomer as described herein,

containing at least one cationic intersubunit linkage, and preferably containing 20% to 50%

such cationic linkages, and containing a base sequence effective to hybridize to a target

region selected from the following: i) the 5' or 3' terminal 25 bases of a negative sense viral

RNA segment of Influenzavirus A, Influenzavirus B and Influenzavirus C, ii) the terminal 30

bases of the 3' terminus of a positive sense cRNA of Influenzavirus A, Influenzavirus B and

Influenzavirus C, and iii) the 50 bases surrounding the AUG start codon of an influenza viral

mRNA.

The oligomer may be administered to a mammalian subject infected with the influenza

virus, or at risk of infection with the influenza virus.

For treatment of Influenza A virus, the targeting sequence hybridizes to a region

associated with one of the group of sequences identified as SEQ ID NOs: 221 and 222.

Preferred targeting sequences are those complementary to either the minus strand target of

SEQ ED NO: 222 or the positive-strand target of SEQ ID NO: 221. Exemplary antisense

oligomers that target these two regions are listed as SEQ ID NOs: 223 and 224, respectively.

In another embodiment, one or more oligomers as described herein can be used in a

method of in inhibiting replication within a host cell of an Ebola virus or Marburg virus, by

contacting the cell with an oligomer as described herein, containing at least one cationic

intersubunit linkage, and preferably containing 20% to 50% such cationic linkages, and

having a targeting base sequence that is complementary to a target sequence composed of at

least 12 contiguous bases within an AUG start-site region of a positive-strand mRNA

identified by one of the Filovirus mRNA sequences selected from the group consisting of

SEQ ED NOs: 250-255.

For treating an Ebola virus infection, the compound may have a targeting sequence that

is complementary to a target sequence composed of at least 12 contiguous bases within the

VP35 AUG start-site region identified by a target sequence selected from the group

consisting of SEQ ID NOS:250. An exemplary targeting sequence is identified by SEQ ID

NO: 1.

In another embodiment for treating an Ebola virus infection, the compound may have a

targeting sequence that is complementary to a target sequence composed of at least 12

contiguous bases within the VP24 AUG or L AUG start-site regions identified by a target



sequence selected from the group consisting of SEQ ID NOS:251 and 252, respectively.

Exemplary targeting sequences include SEQ ID NO: 5 and 11, respectively.

For treating a Marburg virus infection, the compound may have a targeting sequence that

is complementary to a target sequence composed of at least 12 contiguous bases within the

VP35 AUG start-site region identified by a target sequence identified by SEQ ID NO: 253.

An exemplary targeting sequence is selected from the group consisting of SEQ ID NOs: 256

and 257.

In another embodiment for treating a Marburg virus infection, the compound may have a

targeting sequence that is complementary to a target sequence composed of at least 12

contiguous bases within the VP24 AUG or L AUG start-site regions identified by a target

sequence selected from the group identified by SEQ ID NOs: 254 and 255, respectively.

Exemplary targeting sequences are identified by SEQ ID NOs: 258-260.

The oligomers disclosed herein may also be used in a method of treating an Ebola or

Marburg Filovirus infection in a subject, by administering to the subject, a therapeutically

effective amount of an oligomer having a targeting sequence as described above; or in a

method of vaccinating a mammalian subject against Ebola virus, by pretreating the subject

with an oligomer as described herein and having a targeting sequence as described above, and

exposing the subject to the Ebola virus, preferably in an attenuated form.

In another embodiment, an oligomer as described herein can be used in a method for

treating loss of skeletal muscle mass in a human subject. The steps in the method entail

(a) measuring blood or tissue levels of myostatin in the subject,

(b) administering to the subject, a myostatin-expression-inhibiting amount of an

oligomer as described herein, containing at least one cationic intersubunit linkage, and

preferably containing 20% to 50% such cationic linkages, and having a base sequence

effective to hybridize to an expression-sensitive region of processed or preprocessed human

myostatin RNA transcript, identified, in its processed form, by SEQ ID NO: 225;

(c) by this administering, forming within target muscle cells in the subject, a base-paired

heteroduplex structure composed of human myostatin RNA transcript and the antisense

compound and having a Tm of dissociation of at least 450C, thereby inhibiting expression of

myostatin in said cells;

(d) at a selected time following administering the antisense compound, measuring a

blood or tissue level of myostatin in the subject; and

(e) repeating the administering, using the myostatin levels measured in (d) to adjust the

dose or dosing schedule of the amount of antisense compound administered, if necessary, so



as to reduce measured levels of myostatin over those initially measured and maintain such

levels of myostatin measured in step (d) within a range determined for normal, healthy

individuals.

Where the antisense oligomer is effective to hybridize to a splice site of preprocessed

human myostatin transcript, it has a base sequence that is complementary to at least 12

contiguous bases of a splice site in a preprocessed human myostatin transcript, and formation

of the heteroduplex in step (c) is effective to block processing of a preprocessed myostatin

transcript to produce a full-length, processed myostatin transcript. The splice site in the

preprocessed myostatin transcript may have one of the sequences identified as SEQ E) NOs:

226-229. Exemplary antisense sequences are those identified by SEQ ID NOs: 230-233.

In another embodiment, an oligomer as described herein can be used in a method for

inhibiting viral infection in mammalian cells by an Enterovirus or Rhinovirus in the

Picoraaviridae family. The method comprises exposing the cells to an antisense oligomer as

described herein, containing at least one cationic intersubunit linkage, and preferably

containing 20% to 50% such cationic linkages, and having a targeting sequence of at least 12

subunits complementary to SEQ E) NO: 55 or SEQ E ) NO: 56 in the positive-sense strand of

the virus, thereby to form a heteroduplex structure composed of the virus' positive sense

strand and the oligomer, characterized by a Tm of dissociation of at least 450C.

The oligomer may have a sequence contained in SEQ E ) NO: 234, such as one of the

sequences identified by SEQ E) NOs: 235-237. Alternatively, the oligomer may have a

sequence contained in SEQ E ) NO: 238, such as one of the sequences identified by SEQ E )

NOs: 239-245.

For use in treating a mammalian subject infected by an Enterovirus or Rhinovirus in the

Picornaviridae family, the oligomer is administered to the subject in a pharmaceutically

effective amount. Compound administration may be continued until a significant reduction

in viral infection or the symptoms thereof is observed. For use in treating a mammalian

subject at risk of infection by an Enterovirus or Rhinovirus in the Picornaviridae family, the

oligomer is administered to the subject in an amount effective to inhibit infection of subject

host cells by the virus.

In another embodiment, an oligomer as described herein can be used in a method for

suppressing an immune response in a mammalian subject, e.g. for the treatment or prevention

of an autoimmune condition or transplantation rejection, by administering to the subject a

pharmaceutically effective amount of an oligomer as described herein, containing at least one

cationic intersubunit linkage, and preferably containing 20% to 50% such cationic linkages,



and having a targeting sequence of at least 12 subunits that is complementary to at least 12

subunits of a target sequence identified by SEQ ID NO: 246, spanning the splice junction

between intron 1 and exon 2 of preprocessed T cell antigen-4 (CTLA-4) mRNA of the

subject. The compound is capable of reacting with the preprocessed CTLA-4 mRNA in

mammalian cells to form a heteroduplex (i) characterized by a Tm of dissociation of at least

450C, and (ii) effective to increase the ratio of processed mRNA encoding ligand-independent

CTLA-4 to processed mRNA encoding full-length CTLA-4 in the cells.

For the prevention of transplantation rejection in a human subject scheduled to receive a

allogeneic organ transplantation, compound administration may be initiated at least oone

week before the scheduled transplantation. For the treatment of an autoimmune condition, the

compound administration may be continued until a desired improvement in autoimmune

condition is observed.

BRIEF DESCRIPTION OF THE FIGURES

Figure IA illustrates an exemplary uncharged linkage structure, and Figs. IB and 1C

illustrate exemplary cationic linkage structures of the invention, where each B is

independently a base-pairing moiety.

Figure ID illustrates a morpholino oligomer containing exemplary cationic intersubunit

linkages and conjugated at a terminus to an arginine-rich peptide transport moeity. (Though

multiple cationic linkage types are illustrated in Figs. 1C and ID, an oligomer will typically

include one type of cationic linkage.)

Figure 2A shows representative morpholino subunits la-e with protected recognition

moieties Pi of A, C, G, T, and I.

Figure 2B shows synthetic schemes for preparation of the subunits of Figure 2A from the

corresponding ribonucleosides.

Figure 2C illustrates the preparation of activated, protected subunits for preparation of

linkage type (a) (uncharged) and linkage types (bl) and (b2) (charged) as designated herein.

Figure 2D is a schematic of a synthetic pathway that can be used to make morpholino

subunits containing the (1-piperazino) phosphinylideneoxy ("Pip") linkage.

Figures 2E and 2F illustrate the preparation of activated, protected subunits for

preparation of linkages of type (b3) (charged) as designated herein.

Figure 2G illustrates the preparation of subunits that can be used to prepare linkages

analogous to type (b3) (charged) but based on non-phosphorus-containing linkages,

specifically sulfonamide linkages.



Figure 2H illustrates preparation of a disulfide anchor, for use in modification of a

synthesis resin used for stepwise preparation of a morpholino oligomer, allowing facile

release of the olgiomer by treatment with a thiol.

Figure 21 illustrates the introduction a triethylene glycol containing moiety ("Tail")

which increases aqueous solubility of synthetic antisense oligomers.

Figure 2J illustrates the preparation of resins useful for the solid phase synthesis of

morpholino oligomers.

Figure 2K illustrates the preparation of N2,O6-protected morpholino G Subunit for large

scale oligomer synthesis

Figure 2L illustrates the introduction of guanidinium groups by direct guanylation of

amines on the morpholino oligomer.

Figure 2M illustrates the introduction of guanidinium groups into morpholino oligomers

by incorporation of amino acids and guanidino acids.

Figure 2N illustrates the introduction of guanidinium groups into morpholino oligomers

by incorporation of guanidino acids at both backbone and terminal positions.

Figure 20 illustrates the introduction of peptides into the backbone morpholino

oligomers.

Figure 2P illustrates the introduction of a transport peptides at the 3'-terminus of

morpholino oligomers having charged groups of linkage type bl in the backbone.

Figure 2Q illustrates the introduction of a transport peptides at the 3'-terminus of

morpholino oligomers having GuX linkages in the backbone.

Figure 2R illustrates the reductive alkylation of amines of morpholino oligomers.

Figure 3 shows the increased antisense activity of +PMO with cationic linkages targeting

the EBOV VP24 mRNA compared to uncharged PMO in a cell free translation assay. +PMO

used were VP24-8+ (SEQ ID NO: 10) and VP245'trm6+ (SEQ ID N0:9) with 8 and 6

cationic linkages, respectively, compared to their uncharged PMO counterparts (SEQ ID

NOs: 5 and 15, respectively).

Figure 4 shows the increased antisense activity of +PMO that target the L gene mRNA of

EBOV in a cell free translation assay.

Figure 5 shows the specificity of the +PMO that target the EBOV L gene mRNA when

used in a cell free translation assay programmed with EBOV VP35:luciferase mRNA. The

graph demonstrates no off-target antisense activity up to 1 niM +PMO concentration.

Figure 6 is a plot of treatment efficacy, expressed as a percentage of mouse survivors

over a 14 day period post-infection, for three different +PMO that target the EBOV VP24



gene (VP24-2+, VP24-4a+ and VP24-4b+; SEQ ID NOs: 6-8, respectively) compared to the

uncharged PMO control (VP-24; SEQ ID NO: 5) and a phosphate buffered saline negative

treatment control (PBS).

Figure 7 shows the increased antisense activity of +PMO, with different distributions of

cationic "Pip" linkages (P8-centralized, P8-dispersed, P6-dispersed, P4-dispersed, and

P8-polarized; relative to uncharged PMO ("705"; SEQ ID NO: 286) in a splice correction

translation assay in cell culture, described in Materials and Methods.

Figure 8 shows the increased antisense activity of +PMO-GuX, with different

distributions of cationic "GuX" linkages (G8-centralized, G8-dispersed, G -dispersed,

G4-dispersed, and G8-polarized; SEQ ID NOs: 48-52) relative to uncharged PMO (SEQ ID

NO: 286) in a splice correction translation assay in cell culture, as described for Fig. 8.

Figure 9 compares antisense activities of "P8-centralized" Pip-modified +PMO (see Fig.

7) and "G8-centralized" GuX-modified +PMO-GuX (see Fig. 8) with scrambled sequence

counterparts (SCR) and uncharged PMO in a in a splice correction translation assay in cell

culture, as described for Fig. 8.

Figure 10 shows binding affinities (Tm) of selected +PM0 and +PMO-GuX oligomers

from Figs. 7 and 8 as compared with uncharged PMO of the same sequence.

Figures 1IA-B shows the increased uptake/anti sense activity of +PM0, +PMO-GuX,

and peptide-conjugated uncharged PMO ("PPMO") relative to unconjugated uncharged PMO

(SEQ ED NO: 286) in a splice correction translation assay in cell culture, as described for Fig.

7. Fig. 1IA shows concentration dependent effects up to 10 µM, and Fig. 1IB shows

concentration dependent effects up to 100 µM.

Figure 12 is a graph of +PMO inhibition of cell free translation of the

CYP3A2:luciferase fusion gene mRNA compared to the uncharged CYP3A2 PMO (SEQ ID

NOs: 35-42). EC50 values for the various +PM0 and PMO are also shown.

DETAILED DESCRIPTION

I . Definitions

The terms below, as used herein, have the following meanings, unless indicated otherwise:

The terms "antisense oligomer" or "antisense compound" are used interchangeably and

refer to a sequence of subunits, each having a base carried on a backbone subunit composed of

ribose or other pentose sugar or morpholino group, and where the backbone groups are linked

by intersubunit linkages that allow the bases in the compound to hybridize to a target sequence

in a nucleic acid (typically an RNA) by Watson-Crick base pairing, to form a nucleic



acid:oligomer heteroduplex within the target sequence. The oligomer may have exact sequence

complementarity to the target sequence or near complementarity. Such antisense oligomers are

designed to block or inhibit translation of the mRNA containing the target sequence, and may

be said to be "directed to" a sequence with which it hybridizes.

A "morpholino oligomer" refers to a polymeric molecule having a backbone which

supports bases capable of hydrogen bonding to typical polynucleotides, wherein the polymer

lacks a pentose sugar backbone moiety, and more specifically a ribose backbone linked by

phosphodiester bonds which is typical of nucleotides and nucleosides, but instead contains a

ring nitrogen with coupling through the ring nitrogen. A preferred "morpholino" oligomer is

composed of morpholino subunit structures linked together by (thio)phosphoramidate or

(thio)phosphorodiamidate linkages, joining the morpholino nitrogen of one subunit to the 5'

exocyclic carbon of an adjacent subunit, each subunit including a purine or pyrimidine base-

pairing moiety effective to bind, by base-specific hydrogen bonding, to a base in a

polynucleotide. Morpholino oligomers (including antisense oligomers) are detailed, for

example, in co-owned U.S. Pat. Nos. 5,698,685, 5,217,866, 5,142,047, 5,034,506, 5,166,31 5,

5,185,444, 5,521,063, and 5,506,337, all of which are expressly incorporated by reference

herein.

A "phosphoramidate" group comprises phosphorus having three attached oxygen atoms

and one attached nitrogen atom, while a "phosphorodiamidate" group (see e.g. Figs. IA-B)

comprises phosphorus having two attached oxygen atoms and two attached nitrogen atoms. In

the uncharged or the cationic intersubunit linkages of the oligomers described herein, one

nitrogen is always pendant to the backbone chain. The second nitrogen, in a

phosphorodiamidate linkage, is typically the ring nitrogen in a morpholino ring structure

(again, see Figs. IA-B).

In a thiophosphoramidate or thiophosphorodiamidate linkage, one oxygen atom, typically

the oxygen pendant to the backbone in the oligomers described herein, is replaced with sulfur.

The terms "charged", "uncharged", "cationic" and "anionic" as used herein refer to the

predominant state of a chemical moiety at near-neutral pH, e.g. about 6 to 8. Preferably, the

term refers to the predominant state of the chemical moiety at physiological pH, that is, about

7.4.

"Lower alkyl" refers to an alkyl radical of one to six carbon atoms, as exemplified by

methyl, ethyl, n-butyl, i-butyl, t-butyl, isoamyl, n-pentyl, and isopentyl. In selected

embodiments, a "lower alkyl" group has one to four carbon atoms, or 1-2 carbon atoms; i.e.

methyl or ethyl. Analogously, "lower alkenyl" refers to an alkenyl radical of two to six,



preferably three or four, carbon atoms, as exemplified by allyl and butenyl.

A "non-interfering" substituent is one that does not adversely affect the ability of an

antisense oligomer as described herein to bind to its intended target. Such substituents

include small and preferably non-polar groups such as methyl, ethyl, methoxy, ethoxy,

hydroxy, or fluoro.

An oligonucleotide or antisense oligomer "specifically hybridizes" to a target

polynucleotide if the oligomer hybridizes to the target under physiological conditions, with a

Tm greater than 370C. The "Tm" of an oligomer is the temperature at which 50% hybridizes to

a complementary polynucleotide. Tm is determined under standard conditions in physiological

saline, as described, for example, in Miyada et al., Methods Enzymol. 154:94-107 (1987).

Polynucleotides are described as "complementary" to one another when hybridization

occurs in an antiparallel configuration between two single-stranded polynucleotides.

Complementarity (the degree that one polynucleotide is complementary with another) is

quantifiable in terms of the proportion of bases in opposing strands that are expected to form

hydrogen bonds with each other, according to generally accepted base-pairing rules.

A first sequence is an "antisense sequence" with respect to a second sequence if a

polynucleotide whose sequence is the first sequence specifically binds to, or specifically

hybridizes with, the second polynucleotide sequence under physiological conditions.

The term "targeting sequence" is the sequence in the oligonucleotide analog that is

complementary (meaning, in addition, substantially complementary) to the target sequence in

the RNA genome. The entire sequence, or only a portion, of the analog compound may be

complementary to the target sequence. For example, in an analog having 20 bases, only 12-

14 may be targeting sequences. Typically, the targeting sequence is formed of contiguous

bases in the analog, but may alternatively be formed of non-contiguous sequences that when

placed together, e.g., from opposite ends of the analog, constitute sequence that spans the

target sequence.

Target and targeting sequences are described as "complementary" to one another when

hybridization occurs in an antiparallel configuration. A targeting sequence may have "near"

or "substantial" complementarity to the target sequence and still function for the purpose of

the presently described methods, that is, still be "complementary." Preferably, the

oligonucleotide analog compounds employed in the presently described methods have at

most one mismatch with the target sequence out of 10 nucleotides, and preferably at most one

mismatch out of 20. Alternatively, the antisense oligomers employed have at least 90%

sequence homology, and preferably at least 95% sequence homology, with the exemplary



targeting sequences as designated herein. For purposes of complementary binding to an RNA

target, and as discussed below, a guanine base may be complementary to either a cytosine or

uracil RNA base.

An oligonucleotide analog "specifically hybridizes" to a target polynucleotide if the

oligomer hybridizes to the target under physiological conditions, with a Tm substantially

greater than 450C, preferably at least 5O0C, and typically 60°C-80°C or higher. Such

hybridization preferably corresponds to stringent hybridization conditions. At a given ionic

strength and pH, the Tm is the temperature at which 50% of a target sequence hybridizes to a

complementary polynucleotide. Again, such hybridization may occur with "near" or

"substantial" complementary of the antisense oligomer to the target sequence, as well as with

exact complementarity.

A "heteroduplex" refers to a duplex between an oligonculeotide analog and the

complementary portion of a target RNA. A "nuclease-resistant heteroduplex" refers to a

heteroduplex formed by the binding of an antisense oligomer to its complementary target,

such that the heteroduplex is substantially resistant to in vivo degradation by intracellular and

extracellular nucleases, such as RNAse H, which are capable of cutting double-stranded

RNA/RNA or RNA/DNA complexes.

An agent is "actively taken up by mammalian cells" when the agent can enter the cell by

a mechanism other than passive diffusion across the cell membrane. The agent may be

transported, for example, by "active transport", referring to transport of agents across a

mammalian cell membrane by e.g. an ATP-dependent transport mechanism, or by "facilitated

transport", referring to transport of antisense agents across the cell membrane by a transport

mechanism that requires binding of the agent to a transport protein, which then facilitates

passage of the bound agent across the membrane.

The terms "modulating expression" and/or "antisense activity" refer to the ability of an

antisense oligomer to either enhance or, more typically, reduce the expression of a given

protein, by interfering with the expression or translation of RNA. In the case of reduced protein

expression, the antisense oligomer may directly block expression of a given gene, or contribute

to the accelerated breakdown of the RNA transcribed from that gene. Morpholino oligomers as

described herein are believed to act via the former (steric blocking) mechanism. Preferred

antisense targets for steric blocking oligomers include the ATG start codon region, splice sites,

regions closely adjacent to splice sites, and 5'-untranslated region of mRNA, although other

regions have been successfully targeted using morpholino oligomers.



An "amino acid subunit" is preferably an α-amino acid residue (-CO-CHR-NH-); it may

also be a β- or other amino acid residue (e.g. -CO-CH2CHR-NH-), where R is a side chain.

The term "naturally occurring amino acid" refers to an amino acid present in proteins found

in nature. The term "non-natural amino acids" refers to those amino acids not present in

proteins found in nature; examples include beta-alanine (β-Ala) and 6-aminohexanoic acid

(Ahx).

An "effective amount" or "therapeutically effective amount" refers to an amount of

antisense oligomer administered to a mammalian subject, either as a single dose or as part of a

series of doses, which is effective to produce a desired therapeutic effect, typically by inhibiting

translation of a selected target nucleic acid sequence.

"Treatment" of an individual (e.g. a mammal, such as a human) or a cell is any type of

intervention used in an attempt to alter the natural course of the individual or cell. Treatment

includes, but is not limited to, administration of a pharmaceutical composition, and may be

performed either prophylactically or subsequent to the initiation of a pathologic event or

contact with an etiologic agent.

II. Structural Features of Subject Oligomers

A. Oligomers with Cationic Intersubunit Linkages

The invention provides, in one aspect, an oligomer comprising a backbone consisting of

a sequence of morpholino ring structures joined by intersubunit linkages, where each such

ring structure supports a base-pairing moiety, such that said oligomer can bind in a sequence-

specific manner to a target nucleic acid, and where at least one intersubunit linkage between

two consecutive such ring structures contains a pendant cationic group. The pendant group

bears a distal nitrogen atom that can bear a positive charge at neutral or near-neutral (e.g.

physiological) pH.

The intersubunit linkages are preferably phosphorus-containing linkages, having the

structure:

where



W is S or O, and is preferably O,

X = NR 1R2 Or OR6,

Y = O or NR7,

and each said linkage in the oligomer is selected from:

(a) uncharged linkage (a), where each of R1, R2, R6 and R7 is independently selected

from hydrogen and lower alkyl;

(bl) cationic linkage (bl), where X = NR 1R2 and Y = O, and NR 1R2 represents an

optionally substituted piperazino group, such that R1R2 = -CHRCHRN(R 3)(R4)CHRCHR-,

where

each R is independently H or CH3,

R4 is H, CH3, or an electron pair, and

R3 is selected from H, lower alkyl, e.g. CH3, C(=NH)NH2, Z-L-NHC(=NH)NH 2,and

[C(0)CHR'NH] mH, where: Z is C(O) or a direct bond, L is an optional linker up to 18 atoms

in length, preferably upt to 12 atoms, and more preferably up to 8 atoms in length, having

bonds selected from alkyl, alkoxy, and alkylamino, R' is a side chain of a naturally occurring

amino acid or a one- or two-carbon homolog thereof, and m is 1 to 6, preferably 1 to 4;

(b2) cationic linkage (b2), where X = NR 1R2 and Y O, R1= H or CH3 and R2 =

LNR3R4R5, where L, R3, and R4 are as defined above, and R5 is H, lower alkyl, or lower

(alkoxy)alkyl; and

(b3) cationic linkage (b3), where Y = NR7 and X = OR6, and R7 = LNR3R4R5, where L,

R3, R4 and R5 are as defined above, and R6 is H or lower alkyl;

and at least one said linkage is selected from cationic linkages (bl), (b2), and (b3).

Preferably, the oligomer includes at least two consecutive linkages of type (a) (i.e.

uncharged linkages). In further embodiments, at least 5% of the linkages in the oligomer are

cationic linkages (i.e. type (bl), (b2), or (b3)); for example, 10% to 80%, 10% to 50%, or

10% to 35% of the linkages may be cationic linkages.

In one embodiment, at least one linkage is of type (bl), where, preferably, each R is H,

R4 is H, CH3, or an electron pair, and R3 is selected from H, lower alkyl, e.g. CH3,

C(=NH)NH2, and C(O)-L-NHC(=NH)NH 2. The latter two embodiments of R3 provide a

guanidino moiety, either attached directly to the piperazine ring, or pendant to a linker group

L, respectively. For ease of synthesis, the variable Z in R3 is preferably C(O) (carbonyl), as

shown.

The linker group L, as noted above, contains bonds in its backbone selected from alkyl

(e.g. -CH2-CH2-), alkoxy (-C-O-), and alkylamino (e.g. -CH2-NH-), with the proviso that the



terminal atoms in L (e.g., those adjacent to carbonyl or nitrogen) are carbon atoms. Although

branched linkages (e.g. -CH2-CHCH3-) are possible, the linker is preferably unbranched. In

one embodiment, the linker is a hydrocarbon linker. Such a linker may have the structure

-(CH2)n-, where n is 1-12, preferably 2-8, and more preferably 2-6.

The morpholino subunits have the structure:

(i)

where Pi is a base-pairing moiety, and the linkages depicted above connect the nitrogen

atom of (i) to the 5' carbon of an adjacent subunit. The base-pairing moieties Pi may be the

same or different, and are generally designed to provide a sequence which binds to a target

nucleic acid.

The use of embodiments of linkage types (bl), (b2) and (b3) above to link morpholino

subunits may be illustrated graphically as follows:

(bl) (b2) (b3)

Preferably, all cationic linkages in the oligomer are of the same type; i.e. all of type (bl),

all of type (b2), or all of type (b3).

In further embodiments, the cationic linkages are selected from linkages (bl ') and (bl")

as shown below, where (bl") is referred to herein as a "Pip" linkage and (bl") is referred to

herein as a "GuX" linkage:



(a) (bl')

(bl")

In the structures above, W is S or O, and is preferably O; each of R1 and R2 is

independently selected from hydrogen and lower alkyl, and is preferably methyl; and A

represents hydrogen or a non-interfering substituent on one or more carbon atoms in (bl ')

and (bl")- Preferably, the ring carbons in the piperazine ring are unsubstituted; however,

they may include non-interfering substituents, such as methyl or fluorine. Preferably, at most

one or two carbon atoms is so substituted.

In further embodiments, at least 10% of the linkages are of type (bl') or (bl"); for

example, 20% to 80%, 20% to 50%, or 20% to 30% of the linkages may be of type (bl') or

(bl").

In other embodiments, the oligomer contains no linkages of the type (bl ') above.

Alternatively, the oligomer contains no linkages of type (bl) where each R is H, R3 is H or

CH , and R4 is H, CH3, or an electron pair.

The morpholino subunits may also be linked by non-phosphorus-based intersubunit

linkages, as described further below, where at least one linkage is modified with a pendant

cationic group as described above.

Other oligonucleotide analog linkages which are uncharged in their unmodified state but

which could also bear a pendant amine substituent could be used. For example, a 5'nitrogen

atom on a morpholino ring could be employed in a sulfamide linkage (see e.g. Fig. 2G) or a

urea linkage (where phosphorus is replaced with carbon or sulfur, respectively) and modified

in a manner analogous to the 5'-nitrogen atom in structure (b3) above.

Oligomers having any number of cationic linkages are provided, including fully cationic-



linked oligomers. Preferably, however, the oligomers are partially charged, having, for

example, 5, 10, 20, 30, 40, 50, 60, 70, 80 or 90 percent cationic linkages. In selected

embodiments, about 10 to 80, 20 to 80, 20 to 60, 20 to 50, 20 to 40, or about 20 to 35 percent

of the linkages are cationic.

In one embodiment, the cationic linkages are interspersed along the backbone. The

partially charged oligomers preferably contain at least two consecutive uncharged linkages;

that is, the oligomer preferably does not have a strictly alternating pattern along its entire

length.

Also considered are oligomers having blocks of cationic linkages and blocks of

uncharged linkages; for example, a central block of uncharged linkages may be flanked by

blocks of cationic linkages, or vice versa. In one embodiment, the oligomer has

approximately equal-length 5", 3" and center regions, and the percentage of cationic linkages

in the center region is greater than about 50%, preferably greater than about 70%.

Oligomers for use in antisense applications generally range in length from about 10 to

about 40 subunits, more preferably about 15 to 25 subunits. For example, an oligomer of the

invention having 19-20 subunits, a useful length for an antisense oligomer, may ideally have

two to seven, e.g. four to six, or three to five, cationic linkages, and the remainder uncharged

linkages. An oligomer having 14-15 subunits may ideally have two to five, e.g. 3 or 4,

cationic linkages and the remainder uncharged linkages.

Each morpholino ring structure supports a base pairing moiety, to form a sequence of

base pairing moieties which is typically designed to hybridize to a selected antisense target in

a cell or in a subject being treated. The base pairing moiety may be a purine or pyrimidine

found in native DNA or RNA (A, G, C, T, or U) or an analog, such as hypoxanthine (the base

component of the nucleoside inosine) or 5-methyl cytosine.

As noted above, the substantially uncharged oligonucleotide may be modified, in

accordance with an aspect of the invention, to include one or more charged linkages, e.g. up

to about 1 per every 2-5 uncharged linkages, typically 3-5 per every 10 uncharged linkages.

Optimal improvement in antisense activity is seen where up to about half of the backbone

linkages are cationic. Some, but not maximum enhancement is typically seen with a small

number e.g., 10-20% cationic linkages; where the number of cationic linkages exceeds 50-

60%, the sequence specificity of the antisense binding to its target may be compromised or

lost.

Additional experiments conducted in support of the present invention indicate that the

enhancement seen with added cationic backbone charges may, in some case, be further



enhanced by distributing the bulk of the charges close of the "center-region" backbone

linkages of the antisense oligonucleotide, e.g., in a 20mer oligonucleotide with 8 cationic

backbone linkages, having 70%- 100% of these charged linkages localized in the 10

centermost linkages.

B. Peptide Transporters

The subject oligomer may also be conjugated to a peptide transport moiety which is

effective to enhance transport of the oligomer into cells. The transport moiety is preferably

attached to a terminus of the oligomer, as shown, for example, in Figure ID, as well as

Figures 2P-2Q.

Preferably, the transport moiety comprises 6 to 16 amino acids and is composed of

subsequences selected from the group represented by (X'Y'X') , (X'Y').(X'Z'), and (X'Z'Z'),

where

(a) each X' subunit independently represents lysine, arginine or an arginine analog, said

analog being a cationic α-amino acid comprising a side chain of the structure

R1N=C(NH 2)R
2, where R1 is H or R; R2 is R, NH2, NHR, or NR2, where R is lower alkyl or

lower alkenyl and may further include oxygen or nitrogen; R1 and R2 may together form a

ring; and the side chain is linked to said amino acid via R or R2;

(b) each Y' subunit independently represents a neutral linear amino acid

-C(O)-(CHR) n-NH-, where n is 1 to 7 and each R is independently H or methyl; and

(c) each Z' subunit independently represents an α-amino acid having a neutral aralkyl

side chain.

As used herein, a carrier protein is "composed of the subsequences selected from the group

represented by X'Y'X', X'Y', X'Z'Z' and X'Z'" if substantially all of its amino acids can be

represented by a non-overlapping series of the subsequences, or positional variations

thereof, e.g., (X'X'Y') n, (X'Y'X') n, (Y'X'X')n, (Y'X')n, (X'Y')(X'X'Y')(X'Y')(X'X'Y'),

(X'Y') n(X'X'Y') m, (X5FF)n or (FFX') n. The protein may accomodate a small number, e.g.,

1-3, of neutral amino acids other than Y.

In selected embodiments, the peptide comprises a sequence which consists of at least

two, or at least three, repeats of a single subsequence selected from (X Y X X(X Y X(X Z'),

and (X'Z'Z'). For example, the peptide may comprise a sequence represented by one of

(X'Y'X') P,(X5Y') m,and (X'Z'Z') P, where p is 2 to 5 and m is 2 to 8.

In selected embodiments, for each X', the side chain moiety is independently selected from

the group consisting of guanidyl (HN=C(NH2)NH-), amidinyl (HN=C(NH2)C<),



2-aminodihydropyrimidyl, 2-aminotetrahydropyrimidyl, 2-aminopyridinyl, and

2-aminopyrimidonyl, and it is preferably selected from guanidyl and amidinyl.

In preferred embodiments, for each X', the side chain moiety is guanidyl, as in the amino

acid subunit arginine (Arg). In further embodiments, each Y' is -CO-(CH ) -R-NH-, where n

5 is 1 to 7 and R is H. For example, when n is 5 and R is H, Y' is a 6-aminohexanoic acid

subunit, abbreviated herein as Ahx; when n is 2 and R is H, Y' is a β-alanine subunit.

The aralkyl side chain of the Z' subunit is preferably benzyl (-CH2C6H6) or phenethyl

(-CH CH2C6H6), which are preferably not further substituted but may include a non-

interfering substituent as defined herein. Preferably, the side chain is benzyl (-CH2C6H6),

10 such that each Z ' is phenylalanine (F).

Preferred peptides of this type include those comprising arginine dimers alternating with

single Y' subunits, where Y' is preferably Ahx. Examples include peptides having the

formula (RY R) or the formula (RRY') 4 where Y' is preferably Ahx. In one embodiment,

Y ' is a 6-aminohexanoic acid subunit, R is arginine, and p is 4. In a further embodiment, the

15 peptide comprises a sequence represented by (X'Z'Z')
P

where R is arginine, each Z ' is

phenylalanine, and p is 3 or 4 .

The conjugated peptide is preferably linked to a terminus of the oligomer via a linker

Ahx-B, where Ahx is a 6-aminohexanoic acid subunit and B is a β-alanine subunit, as shown,

for example, in Fig. ID.

.0 The Y' subunits are either contiguous, in that no X' subunits intervene between Y'

subunits, or interspersed singly between X' subunits. However, the linking subunit may be

between Y' subunits. In one embodiment, the Y' subunits are at a terminus of the transporter;

in other embodiments, they are flanked by X' subunits.

In further preferred embodiments, each Y' is -CO-(CH 2)n.CHR-NH-, where n is 1 to 7

5 and R is H. For example, when n is 5 and R is H, Y' is a 6-aminohexanoic acid subunit,

abbreviated herein as Ahx. In selected embodiments of this group, each X' comprises a

guanidyl side chain moiety, as in an arginine subunit. Preferred peptides of this type include

those comprising arginine dimers alternating with single Y' subunits, where Y' is preferably

Ahx. Examples include peptides having the formula (RY5R)4 or the formula (RRY') 4,where

0 Y' is preferably Ahx.

Another preferred embodiment includes arginine subunits alternating with single Y'

subunits ((RY') m), where Y' is selected from β-alanine and Ahx; an example is given as SEQ

ID NO: 285 below.



The nucleic acid analog is preferably linked to the transporter peptide at the C-terminus,

as shown, for example, in Fig ID. A preferred linker is of the structure AhxB, where Ahx is

a 6-aminohexanoic acid subunit and B is a β-alanine subunit.

The transport moieties as described above have been shown to greatly enhance cell entry

of attached oligomers, relative to uptake of the oligomer in the absence of the attached transport

moiety, and relative to uptake by an attached transport moiety lacking the hydrophobic subunits

Y'. Such enhanced uptake is preferably evidenced by at least a two-fold increase, and

preferably a four-fold increase, in the uptake of the compound into mammalian cells relative to

uptake of the agent by an attached transport moiety lacking the hydrophobic subunits Y'.

Uptake is preferably enhanced at least twenty fold, and more preferably forty fold, relative to

the unconjugated compound.

A further benefit of the transport moiety is its expected ability to stabilize a duplex between

an antisense oligomer and its target nucleic acid sequence, presumably by virtue of electrostatic

interaction between the positively charged transport moiety and the negatively charged nucleic

acid. The number of charged subunits in the transporter is less than 14, as noted above, and

preferably between 8 and 11, since too high a number of charged subunits may lead to a

reduction in sequence specificity.

Exemplary peptide transporters, including linkers (B or AhxB) are given below:

III. Antisense Activity of Subject Oligomers

As shown herein, the partially cationic oligomers, such as +PMO, have higher affinity

for DNA and RNA than do the corresponding neutral compounds, demonstrated by enhanced

antisense activity in vitro and in vivo.

A. In vitro activity in cell free assays

The oligomers of the invention were shown to provide superior antisense activity to fully

uncharged oligomers when directed to a variety of different targets. In a first series of

experiments, various PMO's (uncharged) and +PMO's (partially cationic) targeting different

regions of EBOV (Ebola virus) mRNA, including the VP35 and L gene mRNA and two



different regions of the VP24 mRNA, were prepared, as described in Materials and Methods.

The sequences are shown as SEQ ED NOs: 1-15 in the Sequence Listing Table below, with

the cationic (1-piperazino) phosphinylideneoxy linkage (as shown in Fig. IB) at each position

indicated with a "+" in the Sequence Listing table.

Cell free translation assays were performed using the appropriate EBOV:luciferase

mRNA, prepared as described in Materials and Methods, as the input RNA. PMOs and

+PMOs were evaluated for their ability to inhibit luciferase expression, based on luciferase

light emission (n=3 per PMO concentration).

The results for the oligomers targeting VP24:luciferase mRNA (SEQ ID NOs: 9 and 10)

are shown in Fig. 3. Compared to the uncharged PMOs with the same base sequence (SEQ

ID NOs: 15 and 5, respectively), the +PMOs with 6 to 8 cationic linkages demonstrated 10-

to 100-fold increased antisense activity.

Results for similar assays employing PMOs and +PMOs targeting the VP35, VP24 and L

gene mRNAs of EBOV, (SEQ ID NOS: 2-3, 6-8 and 12-14, respectively, having variable

total charge and charge density as indicated in the Sequence Listing table) are shown in Fig.

4 . Table 1 below lists the determined EC5 values. In all cases, the incorporation of 2 to 4

cationic linkages in the backbone of these oligomers increased antisense activity

approximately 2-30 fold.

Table 1.

Specific inhibition of cell free translation using +PMO targeted to EBOV mRNA



A further series of assays employed PMO and +PMO targeting the rat CYP3A2 gene

start codon region (SEQ ED NOS: 35-42) to inhibit translation of a CYP3A2:luciferase fusion

gene mRNA transcript. The number of cationic linkages charges in the CYP3A2 +PM0

series ranged from +3 to +6. The five +PM0 with three cationic charges varied in the

location within the oligomer of the cationic linkages. Results of the cell free translation

assays are shown in Fig. 12, with the determined EC50 values. It can be seen that the entire

+PMO series demonstrated enhanced antisense activity, with as much as an 11 fold decrease

in the EC50 as compared to the uncharged PMO control (SEQ ID NO:35).

In a further experiment, a series of +PMO targeting the start codon region of hepatitis C

virus (HCV; SEQ ED NOs: 19-35) were compared with the corresponding uncharged PMO

(designated AVI-4065) in their ability to inhibit translation of an HCV:luciferase fusion gene

transcript. As shown in the Sequence Table below, the number of cationic linkages in the

HCV +PM0 series ranged from +2 to +7. Cell free translation assays were performed using

the HCV:luciferase mRNA as the input RNA, and the observed EC50 values are given in

Table 2 below. In all cases, relative to the uncharged AVI-4065 PMO, the addition of

cationic linkages significantly lowered the observed EC50.

Table 2. Specific inhibition of cell free translation using +PMO targeted to HCV mRNA



To evaluate the sequence specificity of the increased antisense activity of the +PMO, the

+PMO were also used in cell free translation assays wherein the input mRNA did not encode

a target for the +PMO. In this case, +PMO targeting the EBOV VP24 gene was used in an

assay with EBOV L gene:luciferase mRNA. The results, presented in Fig. 5, demonstrate a

high degree of specificity for the +PM0. +PM0 concentrations higher than 30 µM were

necessary before significant non-specific inhibition was observed.

B. In vitro activity in cell culture

As the data described above show, PM0+ oligomers provided a severalfold enhancement

of antisense activity in cell-free assays over uncharged PMO oligomers. In an assay

commonly used to assess transport and antisense activity in cell culture, HeLa cells are stably

transfected with plasmid pLuc/705, which has a luciferase gene interrupted by a human

β-globin intron mutated at nucleotide 705, thus causing incorrect splicing. Because the

misspliced transcripts do not produce functional reporter proteins, no reporter signals are

observed unless wild-type splicing is induced with a splice-correcting antisense oligomer.

An antisense oligomer targeting the 705 splice site (having SEQ ID NO: 286), when

delivered effectively, corrects splicing and allows luciferase expression. This assay measures

the ability of oligomers to enter cells and nuclei, and subsequently block incorrect splicing of

pre-mRNA, leading to expression of a reporter gene. Because oligomers must enter cells and

cell nuclei to produce a signal in the assay, it is useful for measuring uptake and effectiveness

of delivery moieties (when present) as well as antisense activity of the binding oligomers.

Morpholino oligomers having cationic linkages designated herein as "GuX" linkages or

"Pip" linkages (see Fig. 1), in differing amounts and distribution, were evaluated in such an

assay. The latter oligomers (having "Pip" linkages) are also referred to as PMO+ or PMO

Plus, while the former oligomers (having "GuX" linkages) are referred to as PMO GuX.

The distribution of charges in the oligomers was as shown below:

C C T C T T A C C T C A G T T A C A 705 control PMO

+ + + + + + + 8+-Centralized

+ + + + + + + + 8+-Polarized

+ + + + + + + + 8+-Dispersed

+ + + + + + 6+-Dispersed

+ + + + 4+-Dispersed

As shown by the data in Figs. 7 and 8, increasing the number of charges, up to eight, in

the 18-mer increased the antisense activity in this assay relative to uncharged PMO. The data



also suggest that the "centralized" position of the charges increased antisense activity relative

to the "polarized" and "dispersed" distributions, and that the "GuX" linkages were

significantly more effective than the "Pip" linkages. A comparison of binding affinities,

based on Tm, shows that this pattern is not based simply on binding affinity (Fig. 10),

although all charged PMO's had higher Tm's than the uncharged PMO.

The data in Fig. 9 incorporate scrambled controls into the assays of Figs. 7-8. As shown,

the scrambled controls (SCR-G8-Cent and SCR-P8-Cent) showed essentially no antisense

activity in the assay.

The data in Figs. 1IA-B compare the "G8-Centralized" and "P8-Centralized" charged

oligomers with the 705 control PMO conjugated to a transport peptide having the formula

(RXR)4, where R is arginine and X is 6-aminohexanoic acid (see e.g. Fig ID). This

conjugation has a dramatic effect on antisense activity, which is believed to be due in large

part to enhanced transport into the cells.

C. In vivo activity: increased antiviral efficacy of Ebola virus-specific +PMOs in

rodents

To determine the in vivo efficacy of the Ebola virus-specific +PMOs, mice were treated

with two 50µg doses of three individual +PMOs and one uncharged PMO targeting the VP24

gene mRNA (VP24-AUG, VP24-2+, VP24-4a+ and VP24-4b+; SEQ ID NOS: 5-8,

respectively) at 24 and 4 hours before challenge with 1000 plaque-forming units (pfu) of

mouse-adapted Ebola virus. Survival was determined over a period of 14 days, with ten mice

in each treatment group.

The VP24 +PMOs exhibited a wide range of efficacy against lethal EBOV infection,

with the +PMO containing four positive charges providing the most protection (70%

survival), as shown in Fig. 6. The two +PMO with two positive charges demonstrated

intermediate effect (50-60% survival), and the uncharged PMO provided the least protection,

with only 10% survival. The negative control group received PBS and no survivors were

observed. A similar beneficial effect was seen with +PMO targeting VP35 mRNA.

+PMO provided improved protection against a lethal Ebola virus challenge in a Hartley

guinea pig model system. A three drug combination of uncharged PMO (SEQ ID NOs: 1, 5

and 11) or peptide-conjugated versions of this same three PMO provided no protection

against a lethal Ebola virus challenge in the guinea pig model system. The same three drug

combination in the +PMO form (SEQ ID NOs: 247, 248 and 249) provided protection to 75%

of the challenged guinea pigs. Furthermore, the use of PMO+ allowed a two drug

combination therapy (SEQ ID NOs: 248 and 249) to provide protection to 80% of the Ebola



virus challenged guinea pigs.

Experiments in non-human primates (rhesus macaques) similar to those described

previously (Warfield, Swenson et al. 2006) were conducted using +PMO compounds in the

two drug combination form (SEQ ID NOs: 248 and 249). The Ebola virus-infected animals

were treated with +PMO post-infection at 20 mg/kg daily for 10 days. The treatment

provided protection to 75% of the animals, all of whom were challenged with 1000 pfu of

Ebola virus.

IV. Preparation of Oligomers having Cationic Intersubunit Linkages

Figures 2A through 2R illustrate the preparation of morpholino subunits having suitably

protected base-pairing groups, and the conversion of these subunits into morpholino

oligomers having cationic linkages. Further experimental detail is provided in Materials and

Methods, below. The charged-linkage subunits can be used in standard stepwise oligomer

synthesis, as described, for morpholino oligomers, in U.S. Patent No. 5,185,444 or in

Summerton and Weller, 1997 (cited above).

Figure 2A shows representative morpholino subunits la-e with base-pairing moieties Pi

of A, C, G, T, and I . These subunits can be prepared from the corresponding ribonucleosides

as illustrated in Figure 2B and described in Example 1. Suitable protecting groups are used

for the nucleoside bases, where necessary; for example, benzoyl for adenine and cytosine,

phenylacetyl for guanine, and pivaloyloxymethyl for hypoxanthine (I). The

pivaloyloxymethyl group can be introduced onto the N l position of the hypoxanthine

heterocyclic base as shown in Figure 2B. Although an unprotected hypoxanthine subunit, as

in If, may be employed, yields in activation reactions are far superior when the base is

protected.

Treatment of the 5'-hydroxy (1) with a reactive acid chloride, such as N,N-

dimethylphosphoramidodichloridate (4), provides type (a) (uncharged linkage) activated

subunits 5a-e, as shown in Figure 2C and described in Example 2. Although the unprotected

hypoxanthine containing subunit, as in If, may be employed, yields in activation reactions are

far superior when the base is protected.

Figure 2C also illustrates the use of alternate reactive acid chlorides, such as 6a, to

convert 5'-hydroxy subunits la-e into type (bl) (charged linkage) activated subunits 7a-e.

Similarly, an acyclic reactive acid chloride, such as 8a, can be used to convert

5'-hydroxy subunits la-e into type (b2) (charged linkage) activated subunits 9a-e. These

charged-linkage subunits may be incorporated into phosphorodiamidate-linked morpholino



oligomers and, upon treatment with the usual reagents that remove the base protecting

groups, preferably ammonia, produce oligomers containing type (bl) and (b2) cationic

phosphorodiamidate linkages.

A schematic of a synthetic pathway that can be used to make morpholino subunits

containing the (1-piperazino) phosphinylideneoxy linkage (type b l ' ; "Pip") is shown in

Figure 2D and described in Example 3. Reaction of piperazine and trityl chloride 10 gives

trityl piperazine, which can be isolated as the succinate salt 11. Reaction with ethyl

trifluoroacetate 13a in the presence of a weak base, e.g. diisopropylethylamine, provides

l-trifluoroacetyl-4-trityl piperazine 14, which upon treatment with HCl provide the

detritylated salt 15 in good yield. Introduction of the dichlorophosphoryl moiety on the free

eing nitrogen was performed with phosphorus oxychloride in toluene, yielding the

piperazine-P(O)Cl 2 moiety 6a. This reagent can be reacted with 5'-hydroxy morpholino

subunits to produce activated subunits containing the protected (1-piperazino)

phosphinylideneoxy linkage, which can be incorporated into oligomers using the oligomer

synthesis protocol below.

Selectively protected acyclic amines, suitable for incorporation into morpholino subunits

for the preparation of type (b2) cationic linkages, may be prepared by methods analogous to

that described and illustrated for the cyclic amines; see Example 4. Alternatively, treatment

of a solution of a diamine with 1.6 equivalents of the reactive ester 13a-d provides a solution

with <5% of the free diamino species. The solution was used directly for activation with

POCl and activation of the morpholino subunits la-e. A person skilled in the art would find

it possible to prepare oligomers with more complex cationic sides chains using the methods

above.

Subunits for the introduction of type (b3) cationic linkages, i.e. having a nitrogen at the

5'-position, into oligomers may be prepared, as shown in Figure 2E and described in

Example 5, by oxidation of a morpholino subunit to the corresponding aldehyde (16a-e) and

reductive amination with a suitably protected diamine, which affords a representative

5'-aminomorpholino subunit 20a-e. It is often preferable to isolate the amine as the

9-fiuorenylmethyloxycarbonyl (FMOC) derivative 21a-e following treatment with FMOC

chloride. The free amine can be easily regenerated when needed by treatment with

triethylamine or l,8-diazabicyclo[5.4.0]undec-7-ene (DBU). Activation of the amine with

ethyl phosphorodichloridate gives type (b3) activated subunits 22a-e, which can be

incorporated into oligomers in the same manner as type (a), (bl) and (b2) subunits.

A method for the preparation of variants of 22a-e, containing various side chains on the



5'-nitrogen, involves alkylation of an activated 5'-morpholino subunit with suitably protected

amines. As shown in Figure 2F for two examples, and described in Example 6,

hexamethylene diamine was first protected, then reacted with 5'-O-p-toluenesulfonated

subunit 23a-e. Using the methods in Figures 2E and 2F and in the corresponding Examples,

a person skilled in the art could prepare a wide range of 5'-amino substituted subunits

suitable for incorporation into cationic morpholino oligomers.

As noted above, cationic linkages may also be prepared from non-phosphorus-containing

linkages. For example, subunits capable of providing sulfonamide linkages with pendant

cationic groups may be introduced from the amine used in (b3) type linkages, as shown in

Figure 2G and described in Example 7. Reaction of the aminated subunits with sulfur-

trioxide/pyridine in N,N-dimethylformamide containing triethylamine provides a sulfamic

acid that was treated with phosgene in dichloromethane containing pyridine to give the

activated sulfamoyl chloride containing subunit.

Morpholino oligomers can be prepared from such subunits in a stepwise manner on a

solid support, preferably an aminomethyl polystyrene solid support, e.g. as described in U.S.

Patent No. 5,185,444 or in Summerton and Weller, 1997 (cited above). The resin is preferably

modified by reaction with a disulfide "anchor", which allows production of the morpholino

oligomer on the support and facile release upon treatment with a thiol, as shown in Figure 2H

and described in Example 8.

In some cases it is advantageous to introduce a triethylene glycol containing moiety

("tail") which increases aqueous solubility of the morpholino oligomers. One method for

accomplishing this is illustrated in Figure 21 and described in Example 9.

In a typical synthesis, the disulfide anchor 34 is reacted as shown in Figure 2J with

aminomethylpolystyrene resin in l-methyl-2-pyrrolidinone (NMP) to give resin-anchor 39,

suitable for incorporation of activated subunits. Optionally, the Tail moiety can be

introduced onto the 5'-terminus of the oligomer by reaction of the disulfide anchor-resin with

38 to produce Tail-resin 40. Use of resin 40 will cause the

HOCH 2CH 2OCH 2CH 2OCH 2CH 2OC(O) group (=EG3) to become attached to the 5'-terminus

of the oligomer.

The activated subunits, containing the appropriate intersubunit linkage type, are

introduced stepwise by solid phase synthesis on resin 39 containing anchor or, optionally, the

Tail resin 40. A cycle of solid phase synthesis performed using an automated synthesizer

consists of washing the resin with NMP or dichloromethane (DCM), followed by treatment

with 11% cyanoacetic acid in 20% acetonitrile/DCM (v/v). After neutralization with a 5%



solution of diisopropylethylamine (DIEA) in 20% isopropanol/DCM, the resin is reacted with

a 0.2 M solution of the activated subunit in l,3-dimethyl-2-imidazolidinone (DMI) (or Tail in

NMP) containing 0.4 M 4-ethylmorpholine. After washing with neutralization solution, the

cycle may be repeated to introduce the next subunit. Optionally, following the final subunit

addition, the trityl group at the end of the resin is removed and methoxytrityl chloride

introduced to prepare the 3'-methoxytritylated oligomer. The more labile methoxytrityl

species provides benefit in the aqueous detritylation step which follows "trityl -ON/trityl-

OFF" purification of the crude oligomers.

The reactor design used for the preparation of the bulk resins 39 and 40 was employed

for larger scale synthesis of morpholino oligomers. On the large scale, the detritylation steps

performed when phosphorodiamidate linkages had been introduced onto the resin used a

solution of 4-cyanopyridinium trifluoroacetate in 20% trifluoroethanol/DCM. This provided

less hydrolysis of the somewhat acid labile phosphorodiamidate linkages than did carboxylic

acid based detritylation reagents. Additionally, the use of doubly protected G subunit was

found to be advantageous. Figure 2K illustrates synthesis of the N2,O6-protected G species

46 that was employed.

The synthesized oligomers were released from the solid support by treatment with a

solution of 1,4-dithiothreitol and triethylamine in NMP. The solution was treated with

concentrated ammonia and held at 45 °C. The mixture was sealed in a pressure vessel and

heated at 45 0C for 16-24 hours. The solution was diluted with 0.28% aqueous ammonia and

passed through ion exchange resin to capture the crude methoxytritylated oligomer. The

product was eluted with a salt gradient to recover the later-eluting, methoxytrityl or trityl

containing product and the product containing fractions pooled. For preparation of

3'-unsubstituted (3'-H) oligomers requiring no further modification, the solution was treated

with acid to pH = 2.5 to demethoxytritylate the oligomer. The demethoxytritylation mixture

was immediately neutralized with concentrated ammonia, and the solution passed through

reversed phase resin. The product was recovered by elution with 45% acetonitrile/0.28 %

aqueous ammonia and isolated as a white powder after lyophilization. Further purification of

the product may be performed on cation exchange resins as described in the methods section.

Alternatively, it was advantageous to retain the 3'-methoxytrityl/trityl group in order to

perform modification of the backbone amine moieties independent of the 3'-terminus of the

oligomer, as described below. It this case, the above procedure was followed except that the

aqueous acid treatment was omitted.

Amine groups introduced into a morpholino oligomer as part of cationic linkages may be



further modified. This concept allows an oligomer to be constructed from a relatively simple

modified subunit, but with functionality sufficient to allow the introduction of complex

moieties in any location along the backbone of the morpholino oligomers.

(Note that, for reasons of synthesis, the 5' terminal linkage of an oligomer does not

typically comprise a linkage of type (bl) described herein. As shown, for example, in Figs.

2P-2Q, the preferred stepwise resin-supported synthesis of the oligomers provides a

piperazine ring on the phosphorus atom at the 5'terminus; the presence of a second piperazine

ring on the phosphorus would be constrained for steric reasons.)

An important modification is the incorporation of guanidinium groups into the oligomer.

This may be done in two ways. In the first, the amine moiety on the backbone of the

oligomer was directly converted into a guanidinium species by reaction with 1H-pyrazole-1-

carboxamidine hydrochloride (M S Bernatowicz, Y Wu, G R Matsueda, J . Org. Chem., 1992,

57(8), 2497-2502) in sodium carbonate buffered aqueous solution, as in Figure 2L, which

also shows the EG3 Tail at the 5'-terminus. In the second, a substance containing both

carboxyl and guanidinium groups, e.g., 6-guanidinohexanoic acid was activated with 2-(l -H-

benzotriazol-l-yl)-l,l,3,3-tetramethylaminium hexafluorophosphate (HBTU) and reacted

with the amine containing oligomer (Figure 2M). In a similar fashion, 4-guanidinobutanoic

acid, 3-guanidinopropanoic acid, and guanidinoacetic acid may be introduced. In a hybrid of

these approaches, the amine moiety was reacted with a protected FMOC amino acid, e.g.,

FMOC 6-aminohexanoic acid to introduce a protected primary amine containing side chain,

which after treatment with ammonia to remove the FMOC group was guanylated as above.

Fully guanylated species were separated from partially guanylated oligomers by cation

chromatography at the appropriate pH.

The termini of the oligomer can also eb substituted with guanidinium moieties by these

methods, as illustrated in Figure 2N, which also shows a representative oligomer created

from resin 39, without addition of the PEG Tail.

Another modification of note is the incorporation of peptides along the backbone. Small

peptides are readily available from commercial sources, for example, Bachem California, Inc.

3132 Kashiwa Street Torrance, CA 90505 USA, and AnaSpec, Inc. 2149 O'Toole Ave., San

Jose, CA 95131. The incorporation of the peptide followed classic 2-(l- H-benzotriazol-l-

yl)-l,l,3,3-tetramethylaminium hexafluorophosphate (ΗBTU) chemistry, as illustrated in

Figure 20. Guanidinium groups on the oligomer or peptide do not interfere.

Oligomers may also be conjugated at the 3'-terminus to arginine rich peptides, useful to

enhance delivery of the products into cells. In this case, protection of primary and secondary



amine moieties along the backbone of 3'-methoxtritylated/tritylated oligomers was performed

by trifluoroacetylation, as shown in Figure 2P. The terminal methoxytrityl group was

removed and the peptide conjugated using HBTU. The conjugation reaction was worked up

by treatment with ammonia to remove the trifluoroacetyl groups. The conjugate was purified

by cation exchange chromatography. When the backbone amine functions are fully

guanylated, the peptide maybe introduced without interference from these side chains, as

shown in Figure 2Q.

Methylation of the piperazine of the b l linkage series may be accomplished by treating

the morpholino oligomer with formaldehyde and sodium borohydride in aqueous solution as

illustrated in Figure 2R. Other aldehydes may be used to incorporate alternative groups.

V. Applications of Morpholino Oligomers Containing Cationic Linkages

The compounds described herein may be used in methods of inhibiting production of a

protein. Accordingly, a nucleic acid encoding such a protein is exposed to an antisense

oligomer containing at least one cationic intersubunit linkage, and preferably containing 20%

to 50% such cationic linkages, as disclosed herein, where the base pairing moieties Pi form a

sequence effective to hybridize to a portion of the nucleic acid at a location effective to

inhibit production of the protein. The location may be, for example, an ATG start codon of

an mRNA, a splice site of a pre-mRNA, or a viral target sequence as described below.

In general, for antisense applications, the oligomer may be 100% complementary to the

nucleic acid target sequence, or it may include mismatches, e.g., to accommodate variants, as

long as a heteroduplex formed between the oligomer and nucleic acid target sequence is

sufficiently stable to withstand the action of cellular nucleases and other modes of

degradation which may occur in vivo. Mismatches, if present, are less destabilizing toward

the end regions of the hybrid duplex than in the middle. The number of mismatches allowed

will depend on the length of the oligomer, the percentage of G:C base pairs in the duplex, and

the position of the mismatch(es) in the duplex, according to well understood principles of

duplex stability. Although such an antisense oligomer is not necessarily 100%

complementary to the nucleic acid target sequence, it is effective to stably and specifically

bind to the target sequence, such that a biological activity of the nucleic acid target, e.g.,

expression of encoded protein(s), is modulated.

The stability of the duplex formed between an oligomer and the target sequence is a

function of the binding Tm and the susceptibility of the duplex to cellular enzymatic cleavage.

The Tm of an antisense compound with respect to complementary-sequence RNA may be



measured by conventional methods, such as those described by Hames et al, Nucleic Acid

Hybridization, IRL Press, 1985, pp.107-108 or as described in Miyada CG. and Wallace

R.B., 1987, Oligonucleotide hybridization techniques, Methods Enzymol. Vol. 154 pp.

94-107.

Each antisense oligomer should have a binding Tm, with respect to a complementary-

sequence RNA, of greater than body temperature and preferably greater than 5 O0C. Tm's in

the range 60-80°C or greater are preferred. According to well known principles, the Tm of an

oligomer compound, with respect to a complementary-based RNA hybrid, can be increased

by increasing the ratio of C:G paired bases in the duplex, and/or by increasing the length (in

base pairs) of the heteroduplex. At the same time, for purposes of optimizing cellular uptake,

it may be advantageous to limit the size of the oligomer. For this reason, compounds that

show high Tm (5O0C or greater) at a length of 20 bases or less are generally preferred over

those requiring greater than 20 bases for high Tm values.

Preferably, the oligomer is actively taken up by mammalian cells. The oligomer may be

conjugated to a transport moiety as described herein to facilitate such uptake.

Effective delivery of the antisense oligomer to the target nucleic acid is an important

aspect of treatment. Routes of antisense oligomer delivery include, but are not limited to,

various systemic routes, including oral and parenteral routes, e.g., intravenous, subcutaneous,

intraperitoneal, and intramuscular, as well as inhalation, transdermal and topical delivery.

The appropriate route may be determined by one of skill in the art, as appropriate to the

condition of the subject under treatment. For example, an appropriate route for delivery of an

antisense oligomer in the treatment of a viral infection of the skin is topical delivery, while

delivery of a antisense oligomer for the treatment of a viral respiratory infection is by

inhalation. The oligomer may also be delivered directly to the site of viral infection, or to the

bloodstream.

The antisense oligomer may be administered in any convenient vehicle which is

physiologically acceptable. Such a composition may include any of a variety of standard

pharmaceutically acceptable carriers employed by those of ordinary skill in the art. Examples

include, but are not limited to, saline, phosphate buffered saline (PBS), water, aqueous

ethanol, emulsions, such as oil/water emulsions or triglyceride emulsions, tablets and

capsules. The choice of suitable physiologically acceptable carrier will vary dependent upon

the chosen mode of administration.

In some instances, liposomes may be employed to facilitate uptake of the antisense

oligonucleotide into cells. (See, e.g., Williams, S.A., Leukemia 10(12): 1980-1 989, 1996;



Lappalainen et al., Antiviral Res. 23:1 19, 1994; Uhlmann et al., Antisense Oligonucleotides:

A New Therapeutic Principle, Chemical Reviews, Volume 90, No. 4, pages 544-584, 1990;

Gregoriadis, G., Chapter 14, Liposomes, Drug Carriers in Biology and Medicine, pp. 287-

341, Academic Press, 1979). Hydrogels may also be used as vehicles for antisense oligomer

administration, for example, as described in WO 93/01286. Alternatively, the

oligonucleotides may be administered in microspheres or microparticles. (See, e.g., Wu,

G.Y. and Wu, C.H., J . Biol. Chem. 262:4429-4432, 1987). Alternatively, the use of gas-filled

microbubbles complexed with the antisense oligomers can enhance delivery to target tissues,

as described in US Patent No. 6,245,747.

Sustained release compositions may also be used. These may include semipermeable

polymeric matrices in the form of shaped articles such as films or microcapsules.

A. Antisense Compounds for Treating Restenosis

The compounds of the present invention are useful in treatment of vascular proliferative

disorders such as restenosis. Areas of vessel injury include, for example, restenosis or

renarrowing of the vascular lumen following vascular intervention, such as coronary artery

balloon angioplasty, with or without stent insertion. Restenosis is believed to occur in about

30% to 60% of lesions treated by angioplasty and about 20% of lesions treated with stents

within 3 to 6 months following the procedure. (See, e.g., Devi, N.B. et al., Cathet

Cardiovasc Diagn 45(3):337-45, 1998). Stenosis can also occur after a coronary artery

bypass operation, wherein heart surgery is done to reroute, or "bypass," blood around clogged

arteries and improve the supply of blood and oxygen to the heart. In such cases, the stenosis

may occur in the transplanted blood vessel segments, and particularly at the junction of

replaced vessels. Stenosis can also occur at anastomotic junctions created for dialysis.

The oligomers of the invention can therefore be used in compositions and methods for

treating restenosis. In particular, cationic linkages contained in an antisense morpholino

oligomer composition directed against c-myc to reduce the risk of restenosis in transluminal

angioplasty, such as percutaneous transluminal coronary angioplasty (PTCA) (see e.g. PCT

Pubn. No. WO/2000/044897). Compared to morpholino oligomers with only uncharged

linkages, those containing cationic linkages interspersed throughout the antisense c-myc

compound are expected to provide greater efficacy at lower doses in the treatment of

restenosis.

Thus, the method includes administering to the patient, by local administration directly

to the vessel site of injury, or by systemic delivery via intravascular administration, an

oligomer as described herein, containing at least one cationic intersubunit linkage, and



preferably containing 20% to 50% such cationic linkages, having from 12 to 40 subunits,

including a targeting base sequence that is complementary to a target sequence of at least 12

contiguous bases within the AUG start site region of human c-myc mRNA defined by SEQ

ID NO: 59 (Human c-myc, -100 to +25 relative to ATG: CGCCGCTGCC AGGACCCGCT

TCTCTGAAAG GCTCTCCTTG CAGCTGCTTA GACGCTGGAT TTTTTTCGGG

TAGTGGAAAA CCAGCAGCCT CCCGCGACGA TGCCCCTCAA CGTTAGCTTC

ACCAA), in an amount effective to reduce the risk of restenosis in the patient. The

compound is administered by one of:

(a) contacting the region of the vessel with a reservoir containing the antisense

compound, and introducing the compound from the reservoir into the vessel by iontophoresis

or electroporation;

(b) injecting the compound from the catheter directly into the region of the vessel, under

pressure, through injectors contained on the surface of the catheter balloon, where said

injectors are capable of penetrating the tunica media in the vessel;

(c) injecting into or contacting the region of the vessel, microparticles containing the

antisense compound in entrapped form;

(d) contacting the region of the vessel with a hydrogel coating contained on the surface

of the catheter balloon, and containing the antisense compound is diffusable form;

(e) contacting the region of the vessel with a stent having an outer surface layer

containing the antisense compound in diffusable form; and

(f) injecting the compound by intravascular administration resulting in systemic delivery

to the vascular tissues.

The antisense compound may have a targeting sequence having at least 90% homology

to the sequence identified by SEQ ID NO: 43 (ACGTTGAGGGGCATCGTCGC), and

alternatively, at least 90% homology to a sequence selected from SEQ ID NOs: 60

(GGAGGCTGCTGGTTTTCCAC) and 6 1 (GGCATCGTCGCGGGAGGCTC).

The amount of antisense compound administered may be between about 0.5 and 30 mg.

The compound may be derivatized with a moiety that enhances the solubility of the

compound in aqueous medium, and the compound is administered from a solution containing

at least about 30 mg/ml of the antisense compound.

The compound is designed to hybridize to c-myc mRNA under physiological conditions

with a Tm substantially greater than 37°C, e.g., at least 50°C and preferably 60-80°C. The

compound preferably contains an internal 3-base triplet complementary to the AUG site, and

bases complementary to one or more bases 5' and 3' to the start site. One preferred



compound sequence is the 20-mer identified as SEQ ID NO: 43, where the CAT triplet in the

sequences binds to the AUG start site, the 6 bases 3' to the CAT sequence extend in the

upstream (5') direction on the target, and the 11 bases 51to the CAT sequence extend

downstream on the target. This compound has enhanced solubility by virtue of having no

self-annealing regions.

The oligomer is employed, for example, in a coated stent, or by an ex vivo soaking

solution for treatment of saphenous veins, or otherwise delivered to the site of vascular

injury. In another embodiment, the antisense compound forms part of a particle composition

for use in restenosis treatment. One such particle is a biodegradable particle, e.g., a

polylactate or polyglycolic particle, containing entrapped antisense compound. The particles

are preferably in the 1-5 micron range, and are useful for delivery by direct particle delivery

to an angioplasty vessel site, as described below, either by being impressed into the vessel

walls by pressure from a balloon against the wall, or by release from a particle carrier, such

as a stent.

The oligomer can also be employed by administering via systemic delivery to the site of

vascular injury by intravascular injection.

Alternatively, the particles can be microbubbles containing the compound in entrapped

form. The particles may be delivered directly to the vessel site, that is, by contacting the

vessel walls with a directly with a suspension of the particles, with compound release from

the particles, which may be facilitated by exposing the vessel region to ultrasonic energy.

Microbubble compositions have been found particularly useful in delivery of attached

molecules, such as oligonucleotides, to areas of thrombosis or vessel injury, e.g. damaged

endothelium, as well as to selected organs such as the liver and kidney. See, for example,

PCT Pubn. No. WO 2000/02588, U.S. Patent Nos. 6,245,247 and 7,094,765, and U.S. Appn.

Pubn. No. 20030207907, which are incorporated herein by reference.

In still another embodiment, the particles are liposomes containing entrapped antisense

compound. Because the liposome particles are applied directly to the vessel site, the

liposomes may be conventional liposomes without surface modifications needed for

achieving long circulation times.

B. Antiviral Applications

In another embodiment, oligomers of the invention can be used to inhibit the replication

of an RNA virus having a single-stranded, positive-sense genome and selected from one of

the Flaviviridae, Picornoviridae, Caliciviridae, Togaviridae, Arteriviridae, Coronaviridae,

Astroviridae and Hepeviridae virus families.



Bl. Targeting Stem-Loop Secondary Structure of ssRNA Viruses

One class of an exemplary antisense antiviral compound is a morpholino oligomer

having cationic linkages, as described in the present invention, having a sequence of 12-40

subunits and a targeting sequence that is complementary to a region associated with stem-

loop secondary structure within the 5'-terminal end 40 bases of the positive-sense RNA strand

of the targeted virus. (See, e.g., PCT Pubn. No. WO/2006/033933 or U.S. Appn. Pubn. Nos.

2006026991 1 and 20050096291, which are incorporated herein by reference.)

The method includes first identifying as a viral target sequence, a region within the

5'-terminal 40 bases of the positive strand of the infecting virus whose sequence is capable of

forming internal stem-loop secondary structure. There is then constructed, by stepwise

solid-phase synthesis, an oligomer having at least one cationic intersubunit linkage as

described herein, and preferably containing 20% to 50% such cationic linkages, and having a

targeting sequence of at least 12 subunits that is complementary to the virus-genome region

capable of forming internal duplex structure, where the oligomer is able to form with the viral

target sequence, a heteroduplex structure composed of the positive sense strand of the virus

and the oligonucleotide compound, and characterized by a Tm of dissociation of at least 450C

and disruption of such stem-loop structure.

The target sequence may be identified by analyzing the 5'-terminal sequences, e.g., the

5'-terminal 40 bases, by a computer program capable of performing secondary structure

predictions based on a search for the minimal free energy state of the input RNA sequence.

In a related aspect, the oligomers can be used in methods of inhibiting in a mammalian

host cell, replication of an infecting RNA virus having a single-stranded, positive-sense

genome and selected from one of the Flaviviridae, Picornoviridae, Caliciviridae, Togaviridae,

Arteriviridae, Coronaviridae, Astroviridae or Hepeviridae families. The method includes

administering to the infected host cells, a virus-inhibitory amount of an oligomer as described

herein, having a targeting sequence of at least 12 subunits that is complementary to a region

within the 5'-terminal 40 bases of the positive-strand viral genome that is capable of forming

internal stem-loop secondary structure. The compound is effective, when administered to the

host cells, to form a heteroduplex structure (i) composed of the positive sense strand of the

virus and the oligonucleotide compound, and (ii) characterized by a Tm of dissociation of at

least 450C and disruption of such stem-loop secondary structure. The compound may be

administered to a mammalian subject infected with the virus, or at risk of infection with the

virus.

For treatment of a Flavivirus or Hepacivirus, the targeting sequence is complementary to



a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ ED NO. 77, for St Louis encephalitis virus;

(ii) SEQ ED NO. 78, for Japanese encephalitis virus;

(iii) SEQ ID NO. 79, for a Murray Valley encephalitis virus;

(iv) SEQ ID NO. 80, for a West Nile fever virus;

(v) SEQ ID NO. 81, for a Yellow fever virus

(vi) SEQ ID NO. 82, for a Dengue Type-2 virus;

(vii)SEQ ID NO. 83, for a Hepatitis C virus;

(viii) SEQ ID NO. 84, for a tick-borne encephalitis virus;

(ix) SEQ ID NO. 85, for Omsk hemorrhagic fever virus; and

(x) SEQ ID NO. 86, for Powassan virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary

structure in the associated target sequence:

(i) SEQ ED NOS. 87 and 88, for St Louis encephalitis virus;

(ii) SEQ ID NOS. 89 and 90, for Japanese encephalitis virus;

(iii) SEQ ED NOS. 9 1 and 92, for a Murray Valley encephalitis virus;

(iv) SEQ ED NOS. 93 and 94, for a West Nile fever virus;

(v) SEQ ED NOS. 95 and 96, for a Yellow fever virus;

(vi) SEQ ID NOS. 97, 98, for a Dengue virus;

(vii)SEQ ED NOS. 99 and 100, for a Hepatitis C virus;

(viii) SEQ ID NOS. 101 and 102, for a tick-borne encephalitis virus;

(ix) SEQ ID NOS. 103 and 104, for Omsk hemorrhagic fever virus; and

(x) SEQ ED NOS. 105 and 106, for Powassan virus.

For treatment of an Enterovirus, Rhinovirus, Hepatovirus or Aphthovirus, the targeting

sequence is complementary to a region associated with stem-loop secondary structure within

one of the following sequences:

(i) SEQ ID NO. 107, for a polio virus of the Mahoney and Sabin strains;

(ii) SEQ ED NO. 108, for a Human enterovirus A;

(iii) SEQ ID NO. 109, for a Human enterovirus B;

(iv) SEQ ID NO. 110, for a Human enterovirus C;

(v) SEQ ED NO. 111, for a Human enterovirus D;

(vi) SEQ ID NO. 112, for a Human enterovirus E;



(vii) SEQ ID NO. 113, for a Bovine enterovirus;

(viii) SEQ E ) NO. 114, for Human rhinovirus 89;

(ix) SEQ E) NO. 115, for Human rhinovirus B;

(x) SEQ E) NO. 116, for Foot-and-mouth disease virus; and

(xi) SEQ E) NO. 117, for a hepatitis A virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary

structure in the associated target sequence:

(i) SEQ E) NOS. 118 and 119, for a polio virus of the Mahoney and Sabin strains;

(H) SEQ E) NOS. 120 and 121, for a Human enterovirus A;

(iii) SEQ E) NOS. 122 and 123, for a Human enterovirus B;

(iv) SEQ E) NOS. 124 and 125, for a Human enterovirus C;

(v) SEQ E) NOS. 126 and 127, for a Human enterovirus D;

(vi) SEQ E) NOS. 128 and 129, for a Human enterovirus E;

(vii) SEQ E) NOS. 130 and 131, for a Bovine enterovirus;

(viii) SEQ E) NOS. 132 and 133, for Human rhinovirus 89;

(ix) SEQ E) NOS. 134 and 135, for Human rhinovirus B;

(x) SEQ E) NOS. 136 and 137, for Foot-and-mouth disease virus; and

(xi) SEQ E ) NOS. 138 and 139, for a hepatitis A virus.

For treatment of a Calicivirus or Norovirus, the targeting sequence is complementary to

a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ E) NO. 140, for a Feline Calicivirus;

(ii) SEQ E) NO. 141, for a Canine Calicivirus;

(iii) SEQ E ) NO. 142, for a Porcine enteric calicivirus;

(iv) SEQ E) NO. 143, for Calicivirus strain NB; and

(v) SEQ E) NO. 144, for a Norwalk virus.

Exemplary targeting sequences for these viruses include the following sequences, or

portions of these sequences that overlap with one or more regions of duplex secondary

structure in the associated target sequence:

(i) SEQ E) NOS. 145 and 146, for a Feline Calicivirus;

(ii) SEQ E) NOS. 147 and 148, for a Canine Calicivirus;

(iii) SEQ E) NOS. 149 and 150, for a Porcine enteric calicivirus;

(iv) SEQ E) NOS. 151 and 152, for Calicivirus strain NB; and



(v) SEQ E ) NOS. 153 and 154, for a Norwalk virus.

For treatment of the Hepevirus, Hepatitis E virus, the targeting sequence is

complementary to a region associated with stem-loop secondary structure within the

sequence identified as SEQ ID NO: 155. Exemplary targeting sequences include SEQ ID

NOS: 156 and 157, or portions thereof that overlap with one or more regions of secondary

structure in the associated target sequence.

For treatment of a Rubivirus or Alphavirus the targeting sequence is complementary to a

region associated with stem-loop secondary structure within one of the following sequences:

(i) SEQ ID NO. 158, for Rubella virus;

(ii) SEQ ID NO. 159, for Eastern equine encephalitis virus;

(iii) SEQ ED NO. 160, for Western equine encephalitis virus; and

(iv) SEQ ID NO. 161, for Venezuelan equine encephalitis virus.

Exemplary targeting sequences for each of these viruses are identified by the following

sequence ID numbers, or portions of these sequences that overlap with one or more regions of

duplex secondary structure in the associated target sequence:

(i) SEQ ED NOS. 162 and 163, for Rubella virus;

(ii) SEQ ID NOS. 164 and 165, for Eastern equine encephalitis virus;

(iii) SEQ ED NOS. 166 and 167, for Western equine encephalitis virus; and

(iv) SEQ ED NOS. 168 and 169, for Venezuelan equine encephalitis virus

For treatment of a Coronavirus or Arterivirus, the targeting sequence is complementary

to a region associated with stem-loop secondary structure within one of the following

sequences:

(i) SEQ ED NO. 170, for SARS coronavirus TOR2;

(ii) SEQ ID NO. 171, for Porcine epidemic diarrhea virus;

(iii) SEQ ED NO. 172, for Transmissible gastroenteritis virus;

(iv) SEQ ID NO. 173, for Bovine coronavirus;

(v) SEQ ED NO. 174, for Human coronavirus 229E;

(vi) SEQ ID NO. 175, for Murine hepatitis virus; and

(vii)SEQ ED NO. 176, for Porcine reproductive and respiratory syndrome virus.

Exemplary targeting sequences for each of these viruses are identified by the following

sequence ED numbers, or portions of these sequences that overlap with one or more regions of

duplex secondary structure in the associated target sequence:

(i) SEQ ED NOS. 177 and 178, for SARS coronavirus TOR2;

(ii) SEQ ID NOS. 179 and 180, for Porcine epidemic diarrhea virus;



(iii) SEQ ID NOS. 181 and 182, for Transmissible gastroenteritis virus;

(iv) SEQ E ) NOS. 183 and 184, for Bovine coronavirus;

(v) SEQ E) NOS. 185 and 186, for Human coronavirus 229E;

(vi) SEQ E) NOS. 187 and 188, for Murine hepatitis virus; and

(vii)SEQ E) NOS. 189 and 190, for Porcine reproductive and respiratory syndrome

virus.

For treatment of a Mamastrovirus, Human astrovirus, the targeting sequence is

complementary to a region associated with stem-loop secondary structure within the

sequence identified as SEQ E) NO: 191. Exemplary targeting sequences are SEQ E) NOS.

193 and 194, or portions of these sequences that overlap with one or more regions of duplex

secondary structure in the associated target sequence.

For treatment of an Equine arteritis virus, the targeting sequence is complementary to a

region associated with stem-loop secondary structure within the sequence identified as SEQ

E) NO: 192. Exemplary targeting sequences are SEQ E) NOS. 195, 196, or portions of these

sequences that overlap with one or more regions of duplex secondary structure in the

associated target sequence.

B2. Targeting the First ORP of ssRNA Viruses

A second class of exemplary antisense antiviral compounds for use in inhibition of

growth of viruses of the picornavirus, calicivirus, togavirus, coronavirus, and flavivirus

families having a single-stranded, positive sense genome of less than 12 kb and a first open

reading frame that encodes a polyprotein containing multiple functional proteins. In particular

embodiments, the virus is an RNA virus from the coronavirus family or a West Nile, Yellow

Fever or Dengue virus from the flavivirus family. The inhibiting compounds consist of

antisense oligomers with interspersed cationic linkages, as described herein, having a

targeting base sequence that is substantially complementary to a viral target sequence which

spans the AUG start site of the first open reading frame of the viral genome. In one

embodiment of the method, the oligomer is administered to a mammalian subject infected

with the virus. See, e.g., PCT Pubn. No. WO/2005/007805 and US Appn. Pubn. No.

2003224353, which are incorporated herein by reference.

Exemplary antiviral compounds directed against a picornavirus include those having a

targeting sequence having at least 90% homology to a sequence selected from the group

consisting of : (i) SEQ ID NO. 62, for a polio virus of the Mahoney and Sabin strains, (ii)

SEQ E) NO. 63, for a hepatitis A virus, (iii) SEQ E) NO. 64, for a rhinovirus 14, (iv) SEQ ID

NO. 65, for a rhinovirus 16, and (v) SEQ TD NO. 66, for a rhinovirus IB.



Exemplary antiviral compounds directed against a calicivirus include those having a

targeting sequence having at least 90% homology to a sequence selected from the group

consisting of: (i) SEQ ID NOs. 67, 68, and 69, for a serotype Pan-1 vesivirus, (ii) SEQ ID

NO. 70, for a porcine calicivirus, (iii) SEQ ID NO. 71, for a Norwalk virus, and (iv) SEQ ID

NO. 72, for a feline calicivirus.

For use in inhibition of a hepatitis C flavivirus, the targeting sequence is complementary

to a sequence of at least 12 contiguous bases of the HCV AUG start-site region identified by

SEQ ID NO: 75. Exemplary targeting sequences include those having at least 90%

homology to SEQ ID NOs. 18 or 76.

Exemplary antiviral compounds directed against a togavirus include those having a

targeting sequence having at least 90% homology to a sequence selected from the group

consisting of SEQ ID NOs: 73 and 74, for hepatitis E virus.

The preferred target sequence is a region that spans the AUG start site of the first open

reading frame (ORFl) of the viral genome. The first ORF generally encodes a polyprotein

containing non-structural proteins such as polymerases, helicases and proteases. By "spans

the AUG start site" is meant that the target sequence includes at least three bases on one side

of the AUG start site and at least two bases on the other (a total of at least 8 bases).

Preferably, it includes at least four bases on each side of the start site (a total of at least 11

bases).

More generally, preferred target sites include targets that are conserved between a variety

of viral isolates. Other favored sites include the IRES (internal ribosome entry site),

transactivation protein binding sites, and sites of initiation of replication. Complex and large

viral genomes, which may provide multiple redundant genes, may be efficiently targeted by

targeting host cellular genes coding for viral entry and host response to viral presence.

A variety of viral-genome sequences are available from well known sources, such as the

NCBl Genbank databases. The AUG start site of ORFl may also be identified in the gene

database or reference relied upon, or it may be found by scanning the sequence for an AUG

codon in the region of the expected ORFl start site.

The general genomic organization of each of the four virus families is given below,

followed by exemplary target sequences obtained for selected members (genera, species or

strains) within each family.

Picornavirus . Typical of the picornavirus, the rhinovirus genome is a single molecule of

single-stranded, positive sense, polyadenylated RNA of approximately 7.5kb. The genome

includes a long UTR, which is located upstream of the first polyprotein, and a single open



reading frame (ORF) having a VPg (viral genome linked) protein covalently attached to its

end. The ORF is subdivided into two segments, each of which encodes a polyprotein. The

first segment encodes a polyprotein that is cleaved subsequently to form viral proteins VPl to

VP4, and the second segment encodes a polyprotein which is the precursor of viral proteins

including a Cis-pro, a protease, and a polymerase. The ORF terminates in a polyA

termination sequence.

The target initial AUG start site is located between base positions 615-640; targeting this

region is effective to inhibit translation of both polyprotein segments.

Calicivirus . The genome of a vesivirus, of the Calicivirus family, is a single molecule of

infectious, single stranded, positive sense RNA of approximately 7.5kb. The genome

includes a UTR upstream of the first open reading frame (ORFl) which is unmodified. The

3' end of the genome is polyadenylated. The genome includes three open reading frames.

The first open reading frame encodes a polyprotein, which is subsequently cleaved to form

the viral non-structural proteins including a helicase, a protease, an RNA dependent RNA

polymerase, and "VPg", a protein that becomes bound to the 5' end of the viral genomic

RNA. The second open reading frame codes for the single capsid protein, and the third open

reading frame codes for what is reported to be a structural protein that is basic in nature and

probably able to associate with RNA.

The target initial AUG start site is located between base positions 7-35; targeting this

region is effective in inhibiting the translation of first reading frame.

Togavirus . The genome of a rubella virus, of the Togavirus family, is a single linear

molecule of single-stranded, positive-sense RNA of approximately 11.7 kb, which is

infectious. The 5' end is capped with a 7-methylG molecule and the 3' end is polyadenylated.

Full-length and subgenomic messenger RNAs have been demonstrated, and post translational

cleavage of polyproteins occurs during RNA replication. The genome includes two open

reading frames. The first open reading frame encodes a polyprotein which is subsequently

cleaved into four functional proteins, nsPl to nsP4. The second open reading frame encodes

the viral capsid protein and three other viral proteins, PE2, 6K and El.

The AUG start site for first open reading frame is located between base positions 10-40;

targeting this region is effective to inhibit the translation of the first open reading frame.

Flavivirus. The hepatitis C virus genome is a single linear molecule of single-stranded,

positive-sense RNA of about 11 kb. The 5' end is capped with a m GppAmp molecule, and

the 3' end is not polyadenylated. The genome includes only one open reading frame, which

encodes a precursor polyprotein separable into six structural and functional proteins. The



initial AUG start site is located at base position 343.

GenBank references for exemplary viral nucleic acid sequences containing the ORFl

start site in the corresponding viral genomes are listed in Table 3, below. It will be

appreciated that these sequences are only illustrative of other sequences in the ORFl start-site

region of members of the four virus families, as may be available from available gene-

sequence databases of literature or patent resources.

Targeting sequences directed against a target region that spans the translation initiation

site of the first open reading frame (ORFl) are selected by constructing a complementary

sequence to one or more sequences spanning the AUG site in these target regions; see Table 3

below.

Table 3. Exemplary Antisense Sequences Targeting the ORFl Translation Initiation Region



B3. Targeting Influenza Virus

A third class of exemplary antisense antiviral compounds are used in inhibition of

growth of viruses of the Orthomyxoviridae family and in the treatment of a viral infection.

The host cell is contacted with an oligomer as described herein, containing at least one

cationic intersubunit linkage, and preferably containing 20% to 50% such cationic linkages,

and containing a base sequence effective to hybridize to a target region selected from the

following: i) the 5' or 3' terminal 25 bases of a negative sense viral RNA segment of

Influenzavirus A, Influenzavirus B and Influenzavirus C, ii) the terminal 30 bases of the 3'

terminus of a positive sense cRNA of Influenzavirus A, Influenzavirus B and Influenzavirus

C, and iii) the 50 bases surrounding the AUG start codon of an influenza viral mRNA. (See,

e.g., PCT Pubn. No. WO/2006/047683 or U.S. Appn. Pubn. No. 20070004661 , which are

incorporated herein by reference.)

The compounds are particularly useful in the treatment of influenza virus infection in a

mammal. The oligomer may be administered to a mammalian subject infected with the

influenza virus, or at risk of infection with the influenza virus.

For treatment of Influenza A virus, the targeting sequence hybridizes to a region

associated with one of the group of sequences identified as SEQ ID NOs: 221-222. Preferred

targeting sequences are those complementary to either the minus strand target of SEQ ID NO:

222 or the positive-strand target of SEQ ID NO: 221. Exemplary antisense oligomers that

target these two regions are listed as SEQ ID NOs: 223 and 224, respectively.

These sequences will target most, if not all, influenza A virus strains because of the high

degree of homology between strains at the respective targets.

Table 4 below shows exemplary targeting sequences, in a 5'-to-3' orientation, that are

complementary to influenza A virus. The sequences listed provide a collection of targeting

sequences from which targeting sequences may be selected, according to the general class

rules discussed above.

Table 4. Exemplary Antisense Oligomer Sequences for Targeting Influenza A

B4. Targeting Viruses of the Picornaviridae family

A fourth class of exemplary antisense antiviral compounds are used in inhibition of

growth of viruses of the Picornaviridae family and in the treatment of a viral infection. The



compounds are particularly useful in the treatment of Enterovirus and/or Rhinovirus infection

in a mammal. The antisense antiviral compounds are partially positively charged morpholino

oligomers having a sequence of 12-40 subunits, including at least 12 subunits having a

targeting sequence that is complementary to a region associated with viral RNA sequences

within one of two 32 conserved nucleotide regions of the viral 5' untranslated region

identified by SEQ ID NOS: 55 and 56. (See, e.g., PCT Pubn. Nos. WO/2007/030576 and

WO/2007/030691 or copending and co-owned provisional application serial nos. 60/800,120

and 60/800,145, which are incorporated herein by reference.)

GenBank reference entries for exemplary viral nucleic acid sequences representing

picornavirus genomic RNA are listed in Table 5 below. This table lists target regions for a

32-base sequence corresponding to nucleotides 443-474 of the poliovirus reference sequence

(NC 002058) and contained in the 5' UTR region of several picoriviruses. All the viruses

listed in Table 2 are human isolates and are organized into the Enterovirus and Rhinovirus

genera as Human Enteroviruses A-D, Poliovirus, Rhinovirus A and Rhinovirus B according

to convention as provided by the International Committee on Taxonomy of Viruses (ICTV).

There is a high degree of sequence conservation between viruses in the two genera,

Enterovirus and Rhinovirus. The target sequence identified as SEQ ED NO: 56

(TCCTCCGGCC CCTGAATGYG GCTAAYCYYA AC) represents a combined target

sequence, where the letter "Y" in the sequence represents a pyrimidine base, i.e., may be

either C or T.

Table 5. Exemplary Human Picornavirus Nucleic Acid Target Sequences; 5'-Region



Table 6 below shows exemplary targeting sequences that are complementary to a broad

spectrum of picornaviruses, specifically members of the Enterovirus and Rhinovirus genera.

Table 6. Exemplary Antisense Oligomer Targeting Sequences

Table 7 lists target regions for a second 32-base sequence from the poliovirus reference

sequence (NC 002058) and contained in the 5' UTR region of several picoriviruses. The

target sequence identified as SEQ ID NO: 55 (RYGGRACCRA CTACTTTGGG

TGTCCGTGTT TC) represents a combined target sequence, where the positions indicated by

the letter "R" may be either A or G, and the position indicated by the letter "Y" may be either

C or T in these target regions.

Table 7. Exemplary Human Picornavirus Nucleic Acid Target Sequences; 3'-Region



Targeting sequences designed to hybridize to these target resions are listed in Table 8.

Table 8. Exemplary Antisense Oligomer Targeting Sequences

B5. Targeting Viruses of the Flavivirus family

A fifth class of exemplary antisense antiviral compounds are used in inhibition of

replication of a flavivirus in animal cells. An exemplary antisense oligomer of this class is a

morpholino oligomer with cationic linkages, as described in the present invention, between S-

40 nucleotide bases in length and having a sequence of at least 8 bases complementary to a

region of the virus' positive strand RNA genome that includes at least a portion of SEQ ED

NO:57. See, for example, US Appn. Pubn. No. 20050096291, which is incorporated herein

by reference.

The target sequences are those adjacent and including at least a portion, e.g., at least 2-8

bases, of the 5'-cyclization sequence (5'-CS) or 3'-CS sequences of the positive strand

flaviviral RNA. A highly preferred target is the 3'-CS. GenBank references for exemplary

viral nucleic acid sequences containing the 5'-CS and 3'-CS end terminal sequences in the

corresponding viral genomes are listed in Table 1 below. The conserved regions of 5'-CS

and 3'-CS are shown in bold in Table 9. Another group of exemplary target sequences are

the complements of SEQ ID NOS: 267-277.



Targeting sequences directed against the 5'-CS and 3'-CS for selected viruses of the

flavivirus genus are derived from sequences complementary and antiparallel to the sequences

identified as SEQ ID NOS: 267-277 below.

Table 9. Exemplary 5'-CS and 3'-CS Target Sequences

B6. Targeting Viruses of the Nidovirus family

A sixth class of exemplary antisense antiviral compounds are used in inhibition of

replication of a nidovirus in virus-infected animal cells. An exemplary antisense oligomer of

this class is a morpholino oligomer with cationic linkages, as described in the present

invention, contains between 8-25 nucleotide bases, and has a sequence capable of disrupting



base pairing between the transcriptional regulatory sequences in the 5' leader region of the

positive-strand viral genome and negative-strand 3' subgenomic region (See, e.g., PCT Pubn.

No. WO/2005/065268 or U.S. Appn. Pubn. No. 20070037763, which are incorporated herein

by reference.)

Representative Nidoviruses are listed in Table 10, below. The term "Nidovirus" refers to

viruses of the Nidovirales order which includes the families Coronaviridae and Arteriviridae.

The term "coronavirus" is used herein to include all members of the Coronaviridae family

including viruses of the Coronavirus and Torovirus genera. The term "arterivirus" includes

members of the Arteriviridae family which includes the Arterivirus genera.

Table 10. Representative Nidoviruses

The preferred target sequences are those nucleotide sequences adjacent and including at

least a portion, e.g., at least 2-8 bases, of the leader TRS of the positive-RNA or the minus-

strand body TRS of Nidovirus RNA. A variety of Nidovirus genome sequences are available

from well known sources, such as the NCBI Genbank databases. GenBank references for

exemplary viral nucleic acid sequences containing the leader TRS in the corresponding viral

genomes are listed in Table 11 below; the bold nucleotides identify the core leader TRS.



Table 11. Exemplary TRS Target Sequences

Exemplary targeting sequences directed against the leader TRS for selected Nidoviruses

include SEQ ID NOs: 210-21 4.

More generally, exemplary targeting sequences include a sequence of at least 8 bases

complementary to a region of the virus' negative strand, or, alternatively, positive-strand RNA

genome, that includes at least a portion of the genome's negative strand leader TRS, or positive-

strand leader TRS, respectively. The targeting sequence contains a sufficient number of bases

in either of the TRSs to disrupt base pairing between the virus leader and body TRS sequences.

The number of targeting sequences needed to disrupt this structure is preferably at least 2-4

bases complementary to the core leader or body TRS (shown in bold in Table 2), plus bases

complementary to adjacent target-sequence bases.

B7. Targeting HIV-I

In a method for selectively inhibiting HIV-I replication in activated, HIV-infected

human hematopoietic cells, e.g., macrophage or T lymphocyte cells, such activated, HIV-I

infected cells are exposed to an antisense oligomer as described herein, having at least one

cationic intersubunit linkage as described herein, and preferably containing 20% to 50% such

cationic linkages, and having a base sequence that is substantially complementary to a viral

target sequence composed of at least 12 contiguous bases in a region of HIV-I positive strand

RNA identified by one of the sequences selected from the group consisting of SEQ ID NOS:

197-199.

In one embodiment, the oligomer is capable of hybridizing with a region of SEQ ED

NO: 17, to inhibit the synthesis of the HIV Vif protein in the infected cells. The compound in

this embodiment may have at least 12 contiguous bases from one of the sequences selected

from the group consisting of SEQ ID NOs: 200-203.

In another embodiment, the oligomer is capable of hybridizing with a region of SEQ ID

NO: 198, to inhibit the transcription of HIV mRNA transcripts. The compound in this

embodiment may have at least 12 contiguous bases from the sequences identified as SEQ ID

NOs: 204 and 205.

In another embodiment, the oligomer is capable of hybridizing with a region of SEQ ID



NO: 199, to inhibit reverse transcription of viral RNA by blocking the minus-strand transfer

step. The compound in this embodiment may have at least 12 contiguous bases from the

sequence identified as SEQ ID NO: 206.

B8. Targeting of Filoviruses

In another embodiment, one or more oligomers as described herein can be used in a

method of in inhibiting replication within a host cell of an Ebola virus or Marburg virus, by

contacting the cell with an oligomer as described herein, containing at least one cationic

intersubunit linkage, and preferably containing 20% to 50% such cationic linkages, and

having a targeting base sequence that is complementary to a target sequence composed of at

least 12 contiguous bases within an AUG start-site region of a positive-strand mRNA, as

described further below.

The filovirus viral genome is approximately 19,000 bases of single-stranded RNA that is

unsegmented and in the antisense orientation. The genome encodes 7 proteins from

monocistronic mRNAs complementary to the vRNA.

Target sequences are positive-strand (sense) RNA sequences that span or are just

downstream (within 25 bases) or upstream (within 100 bases) of the AUG start codon of

selected Ebola virus proteins or the 3' terminal 30 bases of the minus-strand viral RNA.

Preferred protein targets are the viral polymerase subunits VP35 and VP 24, although L,

nucleoproteins NP and VP30, are also contemplated. Among these early proteins are

favored, e.g., VP35 is favored over the later expressed L polymerase.

In another embodiment, one or more oligomers as described herein can be used in a

method of in inhibiting replication within a host cell of an Ebola virus or Marburg virus, by

contacting the cell with an oligomer as described herein, containing at least one cationic

intersubunit linkage, and preferably containing 20% to 50% such cationic linkages, and

having a targeting base sequence that is complementary to a target sequence composed of at

least 12 contiguous bases within an AUG start-site region of a positive-strand mRNA

identified by one of the Filovirus mRNA sequences selected from the group consisting of

SEQ [D NOS: 250-255.

For treating an Ebola virus infection, the compound may have a targeting sequence that

is complementary to a target sequence composed of at least 12 contiguous bases within the

VP35 AUG start-site region identified by a target sequence selected from the group

consisting of SEQ ID NOS:250. An exemplary targeting sequence is identified by SEQ ID

NO: 1.

In another embodiment for treating an Ebola virus infection, the compound may have a



targeting sequence that is complementary to a target sequence composed of at least 12

contiguous bases within the VP24 AUG or L AUG start-site regions identified by a target

sequence selected from the group consisting of SEQ ID NOS: 251 and 252, respectively.

Exemplary targeting sequences include SEQ ID NO: 5 and 11, respectively.

For treating a Marburg virus infection, the compound may have a targeting sequence that

is complementary to a target sequence composed of at least 12 contiguous bases within the

VP35 AUG start-site region identified by a target sequence identified by SEQ ID NO: 253. .

An exemplary targeting sequence is selected from the group consisting of SEQ ID NOS: 256

and 257.

In another embodiment for treating a Marburg virus infection, the compound may have a

targeting sequence that is complementary to a target sequence composed of at least 12

contiguous bases within the VP24 AUG or L AUG start-site regions identified by a target

sequence selected from the group identified by SEQ ID NOs: 254 and 255, respectively.

Exemplary targeting sequences are identified by SEQ ID NOs: 258-260.

The oligomers disclosed herein may also be used in a method of treating an Ebola or

Marburg Filovirus infection in a subject, by administering to the subject, a therapeutically

effective amount of an oligomer having a targeting sequence as described above; or in a

method of vaccinating a mammalian subject against Ebola virus, by pretreating the subject

with an oligomer as described herein and having a targeting sequence as described above, and

exposing the subject to the Ebola virus, preferably in an attenuated form.

The Ebola virus RNA sequences (Zaire Ebola virus, Mayinga strain) can be obtained

from GenBank Accession No. AF086833. The particular targeting sequences shown below

were selected for specificity against the Ebola Zaire virus strain. Corresponding sequences

for Ebola Ivory Coast, Ebola Sudan and Ebola Reston (GenBank Ace. No. AF522874) are

readily determined from the known GenBank entries for these viruses. Preferably targeting

sequences are selected that give a maximum consensus among the viral strains, particularly

the Zaire, Ivory Coast, and Sudan strains, or base mismatches that can be accommodated by

ambiguous bases in the antisense sequence, according to well-known base pairing rules.

GenBank references for exemplary viral nucleic acid sequences representing filovirus

genomic segments are listed in Table 12 below. The nucleotide sequence numbers in Table

12 are derived from the GenBank reference for the positive-strand RNA of Ebola Zaire

(AF086833) and Marburg virus (Z29337). Table 12 lists targets for exemplary Ebola viral

genes VP35, VP24, and L. The target sequences for the AUG start codons of these genes are



represented as SEQ ID NOS: 250-252. The corresponding set of target sequences for

Marburg virus are shown as SEQ ID NOS: 253-255.

Table 12. Exem lar Filovirus Nucleic Acid Tar et Se uences

Targeting sequences are designed to hybridize to a region of the target sequence as

listed in Table 13. Selected targeting sequences can be made shorter, e.g., 12 bases, or

longer, e.g., 40 bases, and include a small number of mismatches, as long as the sequence is

sufficiently complementary to allow hybridization with the target, and forms with either the

virus positive-strand or minus-strand, a heteroduplex having a Tm of 450C or greater.

Table 13 below shows exemplary targeting sequences, in a 5'-to-3' orientation, that

target the Ebola Zaire virus (GenBank Ace. No. AF086833) according to the guidelines



described above. Additional targeting sequences may be selected, according to the general

class rules discussed above.

Table 13. Exemplar Antisense Oligomer Sequences Targeting Ebo la Zaire

Table 14 below shows exemplary targeting sequences, in a 5'-to-3' orientation, that target

the Marburg virus (GenBank Ace. No. Z29337) according to the guidelines described above.

Additional targeting sequences may be selected, according to the general class rules

discussed above.

Table 14. Exemplary Antisense Oligomer Sequences Targeting Marburg Virus

B9. Targeting of Arenaviruses

In another embodiment, an oligomer as described herein can be used in a method for

inhibiting viral infection in mammalian cells by a species in the Arenaviridae family. In one

aspect, the oligomers can be used in treating a mammalian subject infected with the virus.

Table 15 is an exemplary list of targeted viruses targeted by the invention as

organized by their Old World or New World Arenavirus classification.

Table 15. Targeted Arenaviruses



The genome of Arenaviruses consists of two single-stranded RNA segments

designated S (small) and L (large). In virions, the molar ratio of S- to L-segment RNAs is

roughly 2:1. The complete S-segment RNA sequence has been determined for several

arenaviruses and ranges from 3,366 to 3,535 nucleotides. The complete L-segment RNA

sequence has also been determined for several arenaviruses and ranges from 7,102 to 7,279

nucleotides. The 3 ' terminal sequences of the S and L RNA segments are identical at 17 of

the last 19 nucleotides. These terminal sequences are conserved among all known

arenaviruses. The 5 '-terminal 19 or 20 nucleotides at the beginning of each genomic RNA

are imperfectly complementary with each corresponding 3' end. Because of this

complementarity, the 3 ' and 5' termini are thought to base-pair and form panhandle

structures.

Replication of the infecting virion or viral RNA (vRNA) to form an antigenomic,

viral-complementary RNA (vcRNA) strand occurs in the infected cell. Both the vRNA and

vcRNA encode complementary mRNAs; accordingly, Arenaviruses are classified as

ambisense RNA viruses, rather than negative- or positive-sense RNA viruses. The ambisense

orientation of viral genes are on both the L- and S-segments. The NP and polymerase genes

reside at the 3 ' end of the S and L vRNA segments, respectively, and are encoded in the

conventional negative sense (i.e., they are expressed through transcription of vRNA or

genome-complementary mRNAs). The genes located at the 5' end of the S and L vRNA

segments, GPC and Z, respectively, are encoded in mRNA sense but there is no evidence that

they are translated directly from genomic vRNA. These genes are expressed instead through

transcription of genomic-sense mRNAs from antigenomes (i.e., the vcRNA), full-length

complementary copies of genomic vRNAs that function as replicative intermediates.

GenBank reference entries for exemplary viral nucleic acid sequences representing

Arenavirus vRNA are listed in Table 2 below. Table 2 lists the antisense targets for a 19-base

sequence corresponding to nucleotides 1-19 or 2-20 and contained in the 5'-terminal region of

both the S- and L-segments of the listed Arenaviruses. All the viruses listed in Table 2 are

human isolates The target sequence (SEQ ID NO: 261) is 5'-CGCACMGDGG

ATCCTAGGC-3', where the International Union of Pure and Applied Chemistry (IUPAC)



nomenclature for incompletely specified bases are used in the description of the sequence

{i.e., "M" for either C or A and "D" for either A, G or T).

There is a high degree of sequence conservation between Arenaviruses at the 5' terminus

of the vRNA and vcRNA. Antisense targets include the 5' termini of either the S- or L-

segment vRNA or vcRNA strands or the 5' termini of any of the four viral mRNAs. As such,

the oligomers potentially disrupt viral replication, transcription or translation of viral RNA

species.

The prototypic member of the Arenaviridae family is lymphocytic choriomeningitis

virus (LCMV). Table 16 lists the corresponding target regions in a number of clinically

relevant Arenaviruses and those present in the NCBI Reference Sequence database. The

target sequence identified as SEQ ID NO: 261 represents a combined target sequence for

each of these regions, where the positions indicated by the letter "M" may be either C or A

and "D" is either A, G or T.

Table 16. Exemplary Human Arenavirus Nucleic Acid Target Regions

Table 17 below shows exemplary targeting sequences, in a 5'-to-3' orientation, that are

complementary to a broad spectrum of Arenaviruses. The CL-trm, LS-trm and SS-trm

targeting oligomers (SED ID NOS: 262-264, respectively) were designed to target

specifically Junin-Caridid-1. As shown below, the targeting sequences represented by SEQ



ID NOs: 265 and 266 incorporate inosine ("I") at two positions of sequence variability across

a broad range of Arenavirus species.

Table 17. Exemplary Antisense Oligomer Targeting Sequences

B9. General Aspects of Antiviral Applications

B9(a). Base Variations

The targeting sequence bases may be normal DNA bases or analogs thereof, e.g., uracil

and inosine, that are capable of Watson-Crick base pairing to target-sequence RNA bases.

10 The oligomers may also incorporate guanine bases in place of adenine when the target

nucleotide is a uracil residue. This is useful when the target sequence varies across different

viral species and the variation at any given nucleotide residue is either cytosine or uracil. By

utilizing guanine in the targeting oligomer at the position of variability, the well-known

ability of guanine to base pair with uracil (termed C/U:G base pairing) can be exploited. By

15 incorporating guanine at these locations, a single oligomer can effectively target a wider

range of RNA target variability.

B9(b). Inhibition of Viral Replication

In one embodiment, antisense inhibition is effective in treating infection of a host animal

by a virus, by contacting a cell infected with the virus with a antisense agent effective to

.0 inhibit the replication of the specific virus. The antisense agent is administered to a

mammalian subject, e.g., human or domestic animal, infected with a given virus, in a suitable

pharmaceutical carrier. It is contemplated that the antisense oligonucleotide arrests the

growth of the RNA virus in the host. The RNA virus may be decreased in number or

eliminated with little or no detrimental effect on the normal growth or development of the

>5 host.



B9(c). Administration Methods

In one aspect of the method, the subject is a human subject, e.g., a patient diagnosed as

having a localized or systemic viral infection. The condition of a patient may also dictate

prophylactic administration of an antisense oligomer of the invention, e.g. in the case of a

patient who (1) is immunocompromised; (2) is a burn victim; (3) has an indwelling catheter;

or (4) is about to undergo or has recently undergone surgery hi one preferred embodiment,

the oligomer is a phosphorodiamidate morpholino oligomer, contained in a pharmaceutically

acceptable carrier, and is delivered orally. In another preferred embodiment, the oligomer is

a phosphorodiamidate morpholino oligomer, contained in a pharmaceutically acceptable

carrier, and is delivered intravenously (i.v.).

In another application of the method, the subject is a livestock animal, e.g., a chicken,

turkey, pig, cow or goat, etc, and the treatment is either prophylactic or therapeutic. The

invention also includes a livestock and poultry food composition containing a food grain

supplemented with a subtherapeutic amount of an antiviral antisense compound of the type

described above. Also contemplated is, in a method of feeding livestock and poultry with a

food grain supplemented with subtherapeutic levels of an antiviral, an improvement in which

the food grain is supplemented with a subtherapeutic amount of an antiviral oligonucleotide

composition as described above.

The antisense compound is generally administered in an amount and manner effective to

result in a peak blood concentration of at least 200-400 nM antisense oligomer. Typically,

one or more doses of antisense oligomer are administered, generally at regular intervals, for a

period of about one to two weeks. Preferred doses for oral administration are from about 1-

100 mg oligomer per 70 kg. In some cases, doses of greater than 100 mg oligomer/patient

may be necessary. For i.v. administration, preferred doses are from about 0.5 mg to 100 mg

oligomer per 70 kg. The antisense oligomer may be administered at regular intervals for a

short time period, e.g., daily for two weeks or less. However, in some cases the oligomer is

administered intermittently over a longer period of time. Administration may be followed by,

or concurrent with, administration of an antibiotic or other therapeutic treatment. The

treatment regimen may be adjusted (dose, frequency, route, etc.) as indicated, based on the

results of immunoassays, other biochemical tests and physiological examination of the

subject under treatment.

B9(d). Monitoring of Treatment

An effective in vivo treatment regimen using the antisense oligonucleotides of the

invention may vary according to the duration, dose, frequency and route of administration, as



well as the condition of the subject under treatment (i.e., prophylactic administration versus

administration in response to localized or systemic infection). Accordingly, such in vivo

therapy will often require monitoring by tests appropriate to the particular type of viral

infection under treatment, and corresponding adjustments in the dose or treatment regimen, in

order to achieve an optimal therapeutic outcome. Treatment may be monitored, e.g., by

general indicators of infection, such as complete blood count (CBC), nucleic acid detection

methods, immunodiagnostic tests, viral culture, or detection of heteroduplex.

The efficacy of an in vivo administered antisense oligomer of the invention in inhibiting

or eliminating the growth of one or more types of RNA virus may be determined from

biological samples (tissue, blood, urine etc.) taken from a subject prior to, during and

subsequent to administration of the antisense oligomer. Assays of such samples include (1)

monitoring the presence or absence of heteroduplex formation with target and non-target

sequences, using procedures known to those skilled in the art, e.g., an electrophoretic gel

mobility assay; (2) monitoring the amount of viral protein production, as determined by

standard techniques such as ELISA or Western blotting, or (3) measuring the effect on viral

titer, e.g. by the method of Spearman-Karber. (See, for example, Pari, G.S. et al.,

Antimicrob. Agents and Chemotherapy 39(5):1 157-1 161, 1995; Anderson, K.P. et al.,

Antimicrob. Agents and Chemotherapy 40(9):2004-201 1, 1996, Cottral, G.E. (ed) in: Manual

of Standard Methods for Veterinary Microbiology, pp. 60-93, 1978).

A preferred method of monitoring the efficacy of the antisense oligomer treatment is by

detection of the antisense-RNA heteroduplex. At selected time(s) after antisense oligomer

administration, a body fluid is collected for detecting the presence and/or measuring the level

of heteroduplex species in the sample. Typically, the body fluid sample is collected 3-24

hours after administration, preferably about 6-24 hours after administering. As indicated

above, the body fluid sample may be urine, saliva, plasma, blood, spinal fluid, or other liquid

sample of biological origin, and may include cells or cell fragments suspended therein, or the

liquid medium and its solutes. The amount of sample collected is typically in the 0.1 to 10 ml

range, preferably about 1 ml or less.

The sample may be treated to remove unwanted components and/or to treat the

heteroduplex species in the sample to remove unwanted ssRNA overhang regions, e.g., by

treatment with RNase. It is, of course, particularly important to remove overhang where

heteroduplex detection relies on size separation, e.g., electrophoresis of mass spectroscopy.

A variety of methods are available for removing unwanted components from the sample.

For example, since the heteroduplex has a net negative charge, electrophoretic or ion



exchange techniques can be used to separate the heteroduplex from neutral or positively

charged material. The sample may also be contacted with a solid support having a surface-

bound antibody or other agent specifically able to bind the heteroduplex. After washing the

support to remove unbound material, the heteroduplex can be released in substantially

purified form for further analysis, e.g., by electrophoresis, mass spectroscopy or

immunoassay.

B9(e). Identification of an Infective Agent

The specific virus causing an infection can be determined by methods known in the art,

e.g. serological or cultural methods, or by methods employing the antisense oligomers of the

present invention.

Serological identification employs a viral sample or culture isolated from a biological

specimen, e.g., stool, urine, cerebrospinal fluid, blood, etc., of the subject. Immunoassay for

the detection of virus is generally carried out by methods routinely employed by those of skill

in the art, e.g., ELISA or Western blot. In addition, monoclonal antibodies specific to

particular viral strains or species are often commercially available.

Culture methods may be used to isolate and identify particular types of virus, by

employing techniques including, but not limited to, comparing characteristics such as rates of

growth and morphology under various culture conditions.

Another method for identifying the viral infective agent in an infected subject employs

one or more antisense oligomers targeting broad families and/or genera of viruses.

Sequences targeting any characteristic viral RNA can be used. The desired target sequences

are preferably (i) common to broad virus families/genera, and (ii) not found in humans.

Characteristic nucleic acid sequences for a large number of infectious viruses are available in

public databases, and may serve as the basis for the design of specific oligomers.

For each plurality of oligomers, the following steps are carried out: (a) the oligomer(s)

are administered to the subject; (b) at a selected time after said administering, a body fluid

sample is obtained from the subject; and (c) the sample is assayed for the presence of a

nuclease-resistant heteroduplex comprising the antisense oligomer and a complementary

portion of the viral genome. Steps (a) - (c) are carried for at least one such oligomer, or as

many as is necessary to identify the virus or family of viruses. Oligomers can be

administered and assayed sequentially or, more conveniently, concurrently. The virus is

identified based on the presence (or absence) of a heteroduplex comprising the antisense

oligomer and a complementary portion of the viral genome of the given known virus or

family of viruses.



Preferably, a first group of oligomers, targeting broad families, is utilized first, followed

by selected oligomers complementary to specific genera and/or species and/or strains within

the broad family/genus thereby identified. This second group of oligomers includes targeting

sequences directed to specific genera and/or species and/or strains within a broad

family/genus. Several different second oligomer collections, i.e. one for each broad virus

family/genus tested in the first stage, are generally provided. Sequences are selected which

are (i) specific for the individual genus/species/strains being tested and (ii) not found in

humans.

C. Improved Proliferation and Engraftment of Hematopoietic Stem Cells After

Treatment with Antisense Oligomers that Target TGF-beta

In another embodiment, the present invention provides improved oligomers for the

treatment of hematopoietic stem cells (HSCs) capable of rapid in vivo repopulation of the

hematopoietic system. In addition, recent studies support the utility of HSCs as therapy for

cardiovascular and peripheral vascular disease. However, these studies underscore the

importance of the quality of the HSC population injected and their proliferative potential.

HSC manipulation using antisense oligomers to TGF-beta increase the number of HSC

precursors in circulation and enhance these cells reparative potential. An improvement in the

potential of HSCs to home and attach to sites of injury coupled with improved HSC survival

and proliferation represents an important therapeutic strategy for the care of patients with

cardiovascular and peripheral vascular diseases.

Compositions of the invention comprise TGF-beta antisense oligomers interspersed with

cationic linkages, as described in the present invention, that target either splice sites in the

preprocessed RNA or the AUG start codon in the mRNA of the TGF-beta gene. Exemplary

preferred antisense oligomers have a sequence presented as SEQ ID NO: 247

(GAGGGCGGCA TGGGGGAGGC), SEQ ID NO: 248 (GACCCATGGC AGCCCCCGTC

G) or SEQ ID NO: 249 (GCAGCAGTTC TTCTCCGTGG). Treatment of CD34+ HSCs

with such antisense agents is performed under culture conditions effective to block the

expression of a functional TGF-beta and therefore block the effect of TGF-beta on replication

and/or differentiation of the stem cells (see e.g. PCT Pubn. No. WO/2002/004479 or U.S.

Appn. Pubn. No. 20030109465, which are incorporated herein by reference).

In a related method, the survival time of human stem cells in culture is prolonged, by

exposing the cells ex vivo to a TGF-β blocking agent under culture conditions, and for a

period of time, effective to preserve the viability and differentiation state of the stem cells.



These cells may be maintained in vitro for an extended period of time, and they may be used

for in vivo transfer into a subject in need of hematopoietic reconstitution, or the TGF-β

blocking agent-treated stem cells may be cultured under conditions effective to result in rapid

proliferation and differentiation of the cells into lineage committed progenitor cells and their

progeny.

D. Modulation of Immune Response

The oligomers described herein may also be used to manipulate an immune response in a

mammalian subject, for the treatment or prevention of an autoimmune condition or

transplantation rejection. By manipulating the immune system's normal mechanism for the

generation of immune tolerance to self antigens, the method is effective to alter the function

and activity of T cells in a way that is advantageous in the treatment of transplantation

rejection or autoimmune disorders, such as multiple sclerosis, lupis, myathenia gravis,

inflammatory bowel disease and rheumatoid arthritis. The use of an antisense oligomer with

cationic linkages as described herein, directed against CTLA-4, provides an improved means

to alter T cell activation in response to an antigen presented by a mature dendritic cell. This

allows the generation of a tolerized T cell population responding to transplanted tissue, when

chronically activated as in an autoimmune condition, or by an immunogenic therapeutic

protein.

For the prevention of transplantation rejection in a human subject scheduled to receive a

allogeneic organ transplantation, compound administration may be initiated at least one week

before the scheduled transplantation. The administering may be carried out by parenteral

administration, at a dose level corresponding to between about 5 to 200 mg compound/day.

For the treatment of an autoimmune condition, the compound administration may be

continued until a desired improvement in autoimmune condition is observed. The

administering may be carried out by parenteral administration, at a dose level corresponding

to between about 5 to 200 mg compound/day.

In preferred applications of the method, the subject is a human subject and the methods

of the invention are applicable to treatment of any condition wherein either promoting

immunological tolerance or enhancing immune activation would be effective to result in an

improved therapeutic outcome for the subject under treatment.

The CTLA gene has four exons, designated exons 1-4, with an intron separating each

exon pair. The introns are designated 1-3, where intron- 1 is the intervening sequence

between exons 1 and 2, intron-2, between exons 2 and 3, and intron-3, between exons 3 and



4 . The full length CTLA isoform is encoded by all four exons, requiring excision of all three

introns and preservation of all four exons. A ligand-independent form is of CTLA-4 is

formed from exons 1, 3 and 4, requiring excision of intron 1 and adjacent exon 2, and introns

3 and 4 . A secreted form of CTLA-4 is formed of exons 1, 2, and 4, requiring excision of

intron 1, and a contiguous section of preprocessed mRNA containing intron 2, exon 3 and

intron 3.

The targeting sequence of the oligomer is preferably complementary to at least 12

subunits of a target sequence identified by SEQ ED NO: 246, spanning the splice junction

between intron 1 and exon 2 of preprocessed T cell antigen-4 (CTLA-4) mRNA of the

subject.

The current antisense method is based upon the finding that CTLA-4 activity can be

modulated in naϊve and activated T cells by manipulating the relative ratios of specific

spliced mRNA isoforms of the CTLA-4 gene to increase immunosuppression and

immunologic tolerance. More specifically, it has been discovered that administration of an

antisense compound that targets the splice region between intron- 1 and exon-2 shifts the

ratios of CTLA-4 mRNAs and CTLA-4 proteins from full length to ligand-independent

forms, and that this shift is effective in treating an autoimmune condition or transplantation

rejection, and in reducing the risk of transplantation rejection, on pretreating the subject prior

to the transplantation operation.

In another embodiment, the present oligomers can be used to precisely and specifically

alter the manner in which dendritic cells elicit antigen-specific immune responses from T cells.

In particular, a diminution in the level of CD86 (B7-2) protein is achieved by antisense

inhibition targeted to dendritic cells. Studies have shown that maturing DCs produce increased

amounts of IL-IO as a result of diminished CD86 expression. Moreover, it was determined that

the cytoplasmic region encoded by exon 10, in the murine homologe, is functionally linked to

the regulation of this cytokine. Using antisense oligomers containing cationic linkages, as

described in the present invention, targeted to the CD86 start codon or CD86 exon splice

acceptor regions provides an improved means to precisely and specifically block T cell

activation to an antigen presented by a mature dendritic cell (see e.g. PCT Pubn. No.

WO/2005/072527). This allows the generation of a tolerized T cell and dendritic cell

population responding to transplanted tissue, when chronically activated as in an autoimmune

condition, or by an immunogenic therapeutic protein.



By manipulating the immune system's normal mechanism for the generation of immune

tolerance to self antigens, the present method alters the function and activity of mature

dendritic cells in a way that is advantageous in the treatment of transplantation rejection or

autoimmune disorders, such as multiple sclerosis, lupis, myathenia gravis, inflammatory

bowel disease and rheumatoid arthritis.

The antisense compound is targeted against an expression-sensitive region of a processed

or preprocessed CD transcript, that is, a region which, when bound to the antisense

compound, is effective to inhibit the expression of full-length CD86 in dendritic cells. In

one general embodiment, the expression-sensitive region is one that includes or is adjacent

the AUG start site of a processed transcript, where formation of an antisense-transcript

heteroduplex is effective to inhibit translation of the transcript. Here the antisense compound

has a base sequence that is complementary to a target region containing at least 12 contiguous

bases in a processed human CD86 transcript (identified, in its processed form, by SEQ ID

NO: 215), in the target region from about -20 to +30 bases with respect to the A nucleotide

of the AUG start site at position 1, and which includes at least 6 contiguous bases of the

sequence identified by SEQ ID NO: 216. Exemplary antisense sequences include those

identified as SEQ ID NOS: 48-50.

In a more specific embodiment, the antisense compounds are designed to span or cover

the three bases +12 to +14 bases (where the A nucleotide of the AUG start site represents

+1). In this embodiment, the antisense compound may hybridize to a region spanning these

bases, e.g., where the three bases are in the middle of the target region, or may hybridize to a

region predominantly upstream of and including these bases, e.g., the target bases extending

from -2 to +19 (SEQ ID NO: 50 below).

In another general embodiment, the expression-sensitive region is a splice-site target

region that may include (i) an intron region adjacent, e.g., within 5 bases of, a splice-site

donor or acceptor junction, (ii) a region spanning a donor or acceptor splice-site junction, or

(iii) the exon region adjacent, e.g., within 5 bases of, a splice-site donor or acceptor junction.

The target region preferably contains at least 12 contiguous bases in a preprocessed human

CD86 transcript, and includes, in exemplary embodiment, at least 6 contiguous bases of one

of the sequences identified by SEQ ED NOS: 217-220. Exemplary antisense sequences

include those identified as SEQ ID NOS: 51-54.

Exemplary target sequences for the CD86 (B7-2) gene are listed in Table 18 below. The

human CD86 AUG target and targeting sequences are derived from Genbank Accession No.

NM006889. The human Exon 6 and 7 splice donor (sd) and splice acceptor (sa) target and



targeting sequences are derived from Genbank Accession Nos. Ul 7720 and U l 7721,

respectively.

Table 18. Exemplary CD86 Target Sequences

Table 19. Exemplary CD86 Targeting Sequences

In a method of inducing immunological tolerance in vivo in a patient, the patient is

administered a therapeutically effective amount of a CD86 antisense oligiomer as described

herein. The oligomers can be effective in the treatment of patients by modulating the

immunological response to allogeneic transplantation, or elimination of chronically activated

T cells in the case of autoimmune diseases.

In allogeneic transplantation, the patient is typically treated with the conjugate shortly

before, e.g., a few days before, receiving the transplant, then treated periodically, e.g., once

every 14 days, until immunological tolerance is established. Immunological tolerance can be

monitored during treatment by testing patient T cells for reactivity with donor MHC antigens

in a standard in vitro test, as detailed below.

For the treatment of an autoimmune disorder, such as multiple sclerosis, lupis, myathenia

gravis, inflammatory bowel disease and rheumatoid arthritis, the patient is given an initial



single dose of the CD86 antisense conjugate, then additional doses on a periodic basis, e.g.,

every 3-14 days, until improvement in the disorder is observed. As above, development of

immunological tolerance can be monitored during treatment by testing T cells from a blood

sample for their ability to react with a selected, relevant antigen in vitro.

Routes of antisense oligomer delivery include, but are not limited to, inhalation;

transdermal delivery; various systemic routes, including oral and parenteral routes, e.g.,

intravenous, subcutaneous, intraperitoneal, or intramuscular delivery. In preferred

applications of the method, the subject is a human subject and the methods of the invention

are applicable to treatment of any condition wherein promoting immunological tolerance

would be effective to result in an improved therapeutic outcome for the subject under

treatment.

In another preferred application of the method, autologous dendritic cells isolated from a

human subject can be treated ex vivo with the CD86 antisense compound in the presence of a

selected, relevant antigen. This application of the method is particularly useful in treating an

autoimmune disorder where the immune system is reacting inappropriately to specific

antigens and these antigens can be used to condition the dendritic cells. An example is the

immune-mediated destruction of myelin in multiple sclerosis (MS). Myelin basic protein

(MBP) and proteolipid protein (PLP) are host proteins which are thought to be the key

antigens in the etiology of this autoimmune disease (Shevac 2002).

In another embodiment of immune response modulation, the present compounds can be

used to suppress the downregulation of central and peripheral immune responses. The

Programmed Death 1 (PD-I) protein is markedly upregulated on the surface of exhausted

virus-specific CD8+ T cells in many chronic viral infections including HCV and HIV

infection. Targeting the splice junction regions of the PD-I preprocessed RNA using

antisense oligomers containing cationic linkages, as described in the present invention,

provides a novel immunotherapeutic approach to reverse the suppression of cytotoxic T cell

responses associated with many chronic viral infections and cancers.

In another embodiment, the expression of the TNF receptor (TNFR2) can be altered with

antisense oligomers containing cationic linkages, as described in the present invention, to

induce the expression of an alternatively spliced soluble TNF-α receptor 2 isoform

(sTNFR2). This naturally occurring alternatively spliced isoform of the TNFR2 gene

provides anti-inflamatory properties because it antagonizes TNF-alpha biological activity.

Overexpression of the sTNFR2 isoform using antisense oligomers targeted to the exon 7

splice acceptor region of the human TNFR2 gene, using antisense oligomers as described in



the present invention, provides an immunotherapeutic approach to inhibit inflammatory

arthritis, specifically arthritis induced by TNF-alpha.

E. Treatment of Muscle Atrophy

In another embodiment, an oligomer as described herein can be used in a method for

treating loss of skeletal muscle mass in a human subject. The steps in the method entail

(a) measuring blood or tissue levels of myostatin in the subject,

(b) administering to the subject, a myostatin-expression-inhibiting amount of an

oligomer as described herein, containing at least one cationic intersubunit linkage, and

preferably containing 20% to 50% such cationic linkages, and having a base sequence

effective to hybridize to an expression-sensitive region of processed or preprocessed human

myostatin RNA transcript, identified, in its processed form, by SEQ ID NO: 225;

(c) by this administering, forming within target muscle cells in the subject, a base-paired

heteroduplex structure composed of human myostatin RNA transcript and the antisense

compound and having a Tm of dissociation of at least 450C, thereby inhibiting expression of

myostatin in said cells;

(d) at a selected time following administering the antisense compound, measuring a

blood or tissue level of myostatin in the subject; and

(e) repeating the administering, using the myostatin levels measured in (d) to adjust the

dose or dosing schedule of the amount of antisense compound administered, if necessary, so

as to reduce measured levels of myostatin over those initially measured and maintain such

levels of myostatin measured in step (d) within a range determined for normal, healthy

individuals.

Where the antisense oligomer is effective to hybridize to a splice site of preprocessed

human myostatin transcript, it has a base sequence that is complementary to at least 12

contiguous bases of a splice site in a preprocessed human myostatin transcript, and formation

of the heteroduplex in step (c) is effective to block processing of a preprocessed myostatin

transcript to produce a full-length, processed myostatin transcript. The splice site in the

preprocessed myostatin transcript may have one of the sequences identified as SEQ ID NOs:

226-229. Exemplary antisense sequences are those identified by SEQ ID NOs: 230-233.

F. Further Applications of Splice-Region Antisense Targeting

The oligomers of the invention can be used in therapeutic compositions and methods for

inhibiting expression of full-length proteins in cells, and in particular to antisense

compositions targeted against an mRNA sequence having its 5' end 1 to about 25 base pairs



downstream of a normal splice acceptor junction in a preprocessed mRNA. Such targeting is

effective to inhibit natural mRNA splice processing and produce splice variant mRNAs. (See

e.g. PCT Pubn. No. WO/2001/083740 or U.S. Appn. Pubn. No. 20060287268, which are

incorporated herein by reference.)

Suitable target proteins include, for example, transcription factors, particularly oncogenic

or proto-oncogenic proteins such as myc, myb, rel, fos, jun, abl, bcl, and p53; matrix proteins,

such as integrins and cathedrins; other tumor-expressed proteins, such as hCG; telomerases;

receptor proteins; viral proteins, such as those expressed from the subgenomic spliced

mRNAs of HIV, human papilloma virus, and human parvovirus B19; and

immunomodulatory proteins such as, for example, CTLA-4, B7-2, PD-I, Foxp3, TGF-beta,

and TNF receptor. It is appreciated that inhibition or expression of modified forms of such

proteins has numerous therapeutic applications. These include, but are not limited to,

antitumor therapy, e.g. by targeting proteins, such as transcription factors, involved in various

aspects of cell division and cell cycle regulation; antiviral therapy, by targeting proteins

essential to replication or other vital functions of the infectious agent; inhibition of restenosis

or other proliferative disorders, by inhibiting proteins which support cell proliferation at the

site; and immunomodulation to either suppress an immune response associated with various

autoimmune diseases or to enhance an immune response as in the case of chronic viral

infections.

Transcription factors are typically multidomain proteins, having a DNA binding region

and a protein-protein binding region. Interfering with one of these regions can produce a

dominant negative protein, which counters the activity of the native protein by preserving one

activity (such as protein binding) while inhibiting another activity critical to the proper

function of the protein (such as DNA binding and transcriptional activation; or vice versa).

As noted above, functional domains of many of the target proteins noted above have

been studied extensively and reported in the literature. Sequences of pre-mRNA, including

locations of introns, exons, and AUG start codons, can be found in the GenBank sequence

database or other published sources readily available to those of skill in the art.

Examples of antisense targeting downstream of splice acceptor domains are presented

above, e.g. for methods of manipulating an immune response in a mammalian subject, i.e. by

targeting CTLA-4 or CD86 expression.

In another embodiment, the present compounds can be used to suppress the

downregulation of central and peripheral immune responses. The Programmed Death 1 (PD-



1) protein is markedly upregulated on the surface of exhausted virus-specific CD8+ T cells in

many chronic viral infections including HCV and HIV infection. Targeting the splice

junction regions of the PD-I preprocessed RNA using antisense oligomers interspersed with

cationic linkages, as described in the present invention, provides a novel immunotherapeiitic

approach to reverse the suppression of cytotoxic T cell responses associated with many

chronic viral infections and cancers.

In another embodiment, the expression of the TNF receptor (TNFR2) can be altered with

antisense oligomers interspersed with cationic linkages, as described in the present invention,

to induce the expression of an alternatively spliced soluble TNF-α receptor 2 isoform

(sTNFR2). This naturally occurring alternatively spliced isoform of the TNFR2 gene

provides anti-inflamatory properties because it antagonizes TNF-alpha biological activity.

Overexpression of the sTNFR2 isoform using antisense oligomers targeted to the exon 7

splice acceptor region of the human TNFR2 gene, using antisense oligomers as described in

the present invention, provides an immunotherapeutic approach to inhibit inflammatory

arthritis, specifically arthritis induced by TNF-alpha.

G. Improved Pharmacokinetics of Various Drugs After Treatment with Antisense

Oligomers that Target CYP3A4

In another embodiment, the oligomers of the present invention may be used to improve

the pharmacokinetics of various drugs in patients by administering an antisense oligomer

targeted to CYP3A4, a gene encoding a drug-metabolizing enzyme which reduces the half-

life of the drug. The antisense oligomer is effective to reduce the production of the CYP3A4

enzyme in the subject, extending the drug's half-life and effectiveness and decreasing the

drugs toxicity. (See e.g. PCT Pubn. No. WO/200 1/087286 or U.S. Appn. Pubn. No.

20040229829, which are incorporated herein by reference.)

Compositions of the invention comprise CYP3A4 antisense oligomers interspersed with

cationic linkages, as described in the current invention, that target the AUG start codon

region in the mRNA or splice sites in the preprocessed RNA of the CYP3A4 gene.

Exemplary preferred antisense oligomers have a sequence presented as the group consisting

ofSEQ ID NOs: 290-292.

EXPERIMENTAL

Materials and Methods (subunits)

Unless otherwise noted, all chemicals were obtained from Sigma-Aldrich-Fluka.



Benzoyl adenosine, benzoyl cytidine, and phenylacetyl guanosine were obtained from

Carbosynth Limited, UK

Unless otherwise indicated, mixtures of solvents are volume to volume (v/v). Optical

Density is measured at 260 nm in water. Nomenclature of oligomer materials in this section

uses the following format, where + indicates the b l (piperazine) linkage; GuX indicates the

6-guanidinohexanoylpiperazine type bl linkage; R is arginine; B is beta alanine; Ahx is 6-

aminohexanoyl; GuAhx is 6-guanidinohexanoyl; Ahxpip is the 6-aminohexanoylpiperazine

type b l linkage; EG3 is the Tail; GuBu is 4-guanidinobutanoyl; GuBupip is 4-

guanidinobutanoylpiperazine type bl linkage; Ac is acetyl; TFApip is the

trifluoracetylpiperazine type bl linkage; Gupip is the guanylpiperazine type bl linkage; Gu is

a guanyl (--C(NH)NH2) group; Mepip is a 4-methylpiperazine type b l linkage. Peptides are

written N to C, but are linked by their C terminus to the oligomer 3'-terminus. Examples:

5'-(group)-MSπ^NNNNNNNNN-3'-(group): Uncharged backbone with type a linkages

5'-(EG3)-NN+NNN+N+NNNNNN-3'-(H): Charged backbone with b l (piperazine)

linkages, a 5'-Tail moiety, and unsubstituted at 3' .

5'-(EG3)-NN+NNN+N+NNNNNN-3'-( Ac(RMxR) 4AhxB-): Charged backbone with bl

(piperazine) linkages, a 5'-Tail, and a peptide at the 3'-terminus, linked by the beta-alanine

moiety.

5'-(GuAhx)-NN(GuX)NNN(GuX)N(GuX)NNNNNN-3 I-(GuAhx): Charged backbone

with b l (6-guanidinohexanoylpiperazine) linkages and GuAhx groups on both termini.

Although written differently, all charged positions contain a 6-guanidinohexanoyl moiety.

Example 1: Morpholino Subunits ("See Fig. 2B)

General Preparation of morpholino salts 3a-d,f: To a cooled mixture of methanol

(5-10 mL/g ribonucleosides 2) was added a warm aqueous solution of sodium meta-periodate

( 1.05 eq). At this stage, the composition of the reaction mixture will be from 15-40%

water/methanol (v:v). To this mixture was added, in portions, solid la-d,f. Upon reaction

completion (1-2 hr), the by-product sodium iodate cake was removed by filtration and

reslurried with water/methanol to recover any product intermediate. To the pooled filtrates

were added ammonium biborate (14-2.0 eq). After stirring at 20 0C for 45-120 min, the

mixture was cooled, and borane-triethylamine (1.5-2.0 eq) was added. This mixture was

adjusted to pH 3.5-4.0 with a methanolic solution of either p-toluenesulfonic acid (3b, c, d, f)

or hydrochloric acid (3a) (4-5 eq). The mixture was held at pH 3.5-4.0 for 7-14 hr at < 10

0C. The p-toluenesulfonic acid salts of 3b, c, d, f were isolated by filtration and purified by

recrystallization/reslurry.



The mixture containing 3a was neutralized to pH 7 . The solution was concentrated by

distillation to remove methanol, and the product was extracted into 1-butanol. This solution

was adjusted to pH 4 with a methanolic solution of oxalic acid (0.5 eq). The oxalic acid salt

of 3a was isolated by filtration and purified by reslurry. Yields for 3a-d,f = 30-75%.

General Preparation of la-d,f: Compound 3a-d,f was dissolved/suspended in N N-

dimethylformamide (4-6 mL/g 3). To this mixture was added triethylamine (2.7-3.5 eq) and

triphenylmethyl (trityl) chloride (1.1-1.5 eq). Upon reaction completion, the excess trityl

chloride was quenched with diethylamine (0.5 eq). The crude products were isolated by

either direct precipitation from ethyl acetate and water or through an extractive workup

(water then ethyl acetate or dichloromethane) and precipitation. The products were purified

by crystallization from toluene. Yields = 75-90%

Preparation of Ie: Compound I f was suspended in dichloromethane (8 mL/g If). To this

suspension were added imidazole (1.3 eq) and t-butyldimethylchlorosilane (1.2 eq). Upon

reaction completion (1-2 hr), the solution was washed successively with pH 3 citrate buffer

and water. The resulting solution was concentrated to give a foam, which was dissolved in

tetrahydrofuran (8 mL/g If). To this solution were added potassium carbonate (2.0 eq) and

chloromethyl pivalate (1.5 eq) and the mixture was heated to reflux. Upon reaction

completion (16 hr), the mixture was cooled and diluted with dichloromethane. The mixture

was washed successively with KH2PO4 solution (pH 4.5) and water. The resulting solution

was concentrated to give a foam. The foam was dissolved in tetrahydrofuran (4 mL/g If) and

triethylamine trihydro fluoride (2.0 eq) was added. Upon reaction completion (16 hr), the

solution was washed successively with saturated aqueous NaHCO3 and water. The product

was isolated by solvent exchange into toluene and precipitation into heptane. Yield = 80% of

Ie.

Example 2 : Morpholino Subunits with linkage type (a) (See Fig. 2C)

General Preparation of 5a-e: Compound la-e was dissolved in dichloromethane (6

mL/g 1) and cooled to < 5 C. To this solution were added 2,6-lutidine (1.6 eq), N-

methylimidazole (0.3 eq), and N,N-dimethylphosphoramidodichloridate 4 (1.6 eq). Upon

reaction completion (6 - 12 hr), this mixture was washed with a pH 3 citrate buffer. The

crude product was isolated by precipitation into heptane. The final product was purified by

silica gel chromatography (gradient of ethyl acetate/heptane). The pooled fractions

containing product were combined, evaporated to a smaller volume, and isolated by

precipitation from heptane. Yields = 40 - 60%. During the chromatography of subunit 5e, as

well as other subunits derived from this heterocyclic base, following ethyl acetate/heptane



elution of the non-polar impurities, a gradient of (5% isopropanol/ethyl acetate) in

dichloromethane was used to elute the product.

Example 3 : Morpholino Subunits with pro-cationic linkages type (bl) (See Fig. D)

Preparation of N-trityl piperazine, succinate salt (11): To a cooled solution of piperazine

(10 eq) in toluene/methanol (5:1 toluene/methanol (v:v); 5 mL/g piperazine) was added

slowly a solution of trityl chloride 10 (1.0 eq) in toluene (5 mL/g trityl chloride). Upon

reaction completion ( 1 - 2 hr), this solution was washed four times with water. To the

resulting organic solution was added an aqueous solution of succinic acid (1.1 eq; 13 mL

water/g succinic acid). This mixture was stirred for 90 min, and the solid product was

collected by filtration. The crude solid was purified by two reslurries in acetone. Yield =

70%.

Preparation of l-trifluoroacetyl-4-trityl piperazine (14): To a slurry of 3.0 kg 11 in 18 L

methanol (6 mL/g 11) was added 3.51 L diisopropylethylamine (3.0 eq) and 1.038 L ethyl

trifluoroacetate 13a (1.3 eq). After overnight stirring, the organic mixture was distilled to

dryness. The resulting oil was dissolved in 15 L dichloromethane (5 mL/g 11) and washed

twice with 15 L IM KH2PO4 and twice with 15 L de-ionized water. This solution was run

through a 3.0 kg silica plug (1:1 silica:ll), and washed with 9 L dichloromethane (3 ml/g 1 1 ,

then concentrated to give a white foam. For 14a: Yield = 2.9964 kg, 105%. 19F NMR

(CDCl3) δ -68.7 (s).

For the preparation of 2,2-difluoropropionyl and hexafluoroisobutyryl amides, trityl

piperazine succinate 11 in dichloromethane was reacted with an aqueous solution of

potassium carbonate to remove succinic acid. The dichloromethane was evaporated and the

tritylpiperazine free base 12 was treated with 2 eq of the ester 13c or 13d (both obtained from

Synquest, Alachua, FL, USA) without solvent in the presence of diisopropylethylamine (1.0

eq). The mixture was heated at 4 O0C until complete. The mixture was dissolved in

dichloromethane and passed through a plug of silica gel, eluting with ethyl acetate and

heptane mixtures to provide the pure trityl piperazine amides.

Preparation of N-trifluoroacetyl piperazine, HCl salt (15): To a solution of 1.431 kg 14

in 7.16 L dichloromethane (5 mL/g 14) was added dropwise a solution of 3.37 L 2.0 M

HCl/Et2O (2.0 eq). The reaction mixture was stirred for 1 hr, and the product was collected

by filtration. The filter cake was washed with 2.0 L dichloromethane. The solids were dried

at 4 O0C in a vacuum oven for 24 hr. For 15a: Yield 724.2 g, 98.3%. 19F NMR (CDCl3) δ -



68.2 (s); melting point = 140°C. Recrystallization of a small sample from ethanol raised the

melting point to 154 - 156 0C.

Preparation of Activating Agent (6): To a cooled suspension of 15 (1.0 eq) in Toluene

(10 mL/g 15) was added diisopropylethylamine (4.0 eq). The mixture was stirred in an ice

bath for 1 hr and the salts were removed by filtration. The filter cake was washed twice with

toluene (1.5 mL/g). The toluene solution of 15 free base (13 mL/g) was added slowly to a ice

cooled solution of POCl3 (1.2 eq) in toluene. The reaction mixture was stirred in an ice bath

for 1 hr, then washed twice with 1 M KH2PO4 (13 mL/g) and once with and de-ionized water

(13 mL/g). This solution was dried over Na2SO4 and distilled to dryness. The resulting

amorphous solid was dissolved in dichloromethane (2 mL/g 15) and again distilled to

dryness. For a 200 g batch of 15a the yield was of 6a was 226.9 g, 75%. 19F NMR (CDCl3)

δ -68.85 (s); 3 1P NMR (CDCl3) δ 15.4 (s).

Preparation of Activated Subunits (7) (See Fig. 2C): To a cooled solution/slurry of

morpholino subunit la-e (1.0 eq) in dichloromethane (5 mL/g subunit) were added

successively 2,6-lutidine (1.6 eq), N-methylimidazole (0.3 eq), and 6a-d (1.6 eq) in

dichloromethane (2 ml/g 6). The solution was allowed to warm to room temperature. After 3

hr, the solution was washed with IM citric acid (pH 3). The organic layer was dried over

Na2SO4, the solvents removed by distillation and toluene (5 mL/g) added. The product was

precipitated by dropwise addition of the solution into heptanes (20 ml/g subunit) then

collected by filtration. The crude product was purified by silica gel chromatography

(gradient of ethyl acetate/heptane). The solvents were concentrated and replaced with

toluene or ethyl benzene (5 ml/g subunit). The amorphous product was precipitated into

heptane (20 ml/g subunit) then collected by filtration. Yield = 50 - 70%. 19F NMR (CDCl3

shows one or two peaks with chemical shifts at about δ -68.8; 3 1P NMR (CDCl3) typically

shows two singlet peaks with chemical shifts at 13.0 to 13.4.

Example 4 : Morpholino Subunits with pro-cationic linkages type (b2) (See Fig. 2C)

Primary amine containing side chain:

Hexamethylenediamine (100 g, 1 eq) was dissolved in methanol ( 1 L) and treated

dropwise with a solution of ethyl trifluoroacetate (103 mL,l eq) in 150 mL methanol. Very

slight warming of the solution occurs. The reaction was stirred for 30 min at room

temperature after addition. TLC using chloroform/methanol/conc ammonia (8:3:1) shows the

presence of amine. The solvents were removed by rotary evaporation, and the residue

dissolved in toluene/ethyl acetate (1:3, 1 L) then washed four times with 10% saturated



aqueous sodium chloride solution to effect complete removal of excess diamine. Evaporation

yields 117 g crude amine which was used in the activation reaction as for the piperazine

example above. Crude 8a was reacted with I a using the conditions above to give 9a. The

corresponding reaction with the other subunits produces 9b-e. The alternate amide protected

amines were prepared and used in the same manner as previous examples, with amides from

esters 13c,d formed by reaction of the amine with neat ester.

Secondary amine containing side chain:

N,N'-Dimethylethylenediamine (36.3 mL, 3 eq.) was mixed with trityl chloride (31.8 g,

1 eq.) in dichloromethane (300 mL). After 30 min the solvent was removed by evaporation

and 300 mL toluene was added. The solution was washed three times with 300 mL water and

finally with an equal volume of saturated aqueous sodium chloride. The foam formed on

evaporation was used without purification.

The foam was dissolved in 400 mL methanol and 100 mL dichloromethane. Ethyl

trifluoroacetate (17.5 mL) was added. After 30 min, the mixture was evaporated to dryness,

300 mL dichloromethane added, and the solution washed three times with an equal volume of

water, and then once with saturated aqueous sodium chloride. After drying over sodium

sulfate, the organic layer was evaporated to dryness. The product was purified by silica

chromatography using 10% ethyl acetate heptane containing 1% lutidine to afford 24.8 g pure

trityl amide.

The trityl amide was dissolved in dichloromethane (180 mL) and treated dropwise with 2

M HCl in ether (85 mL) and stirred at room temperature for 3 hr. The precipitated solid was

filtered and dried overnight under high vacuum. The recovered product (10.06 g) was

suspended in 100 mL dichloromethane and treated with diisopropylethylamine (25.0 mL) at

which time a solution formed. This mixture was added to phosphorus oxychloride (4.6 mL)

in toluene (100 mL) with stirring at 0 0C in an ice bath. The reaction was continued 12 hr at

room temperature. At that time, the reaction was washed twice with 1 M KH2PO4 (100 mL),

and dried over sodium sulfate. After filtration and evaporation a brown solid was obtained

that was used directly.

The brown solid was dissolved in 20 mL dichloromethane and added to a solution of 1d

(13.6 g) in dichloromethane (40 mL) containing 2,6-lutidine (5.24 mL) and N-

methylimidazole (0.672 mL). After four hr at room temperature, the reaction was washed

twice with 1 M citric acid buffer at pH=3. The solution was evaporated to dryness and the

product purified by chromatography on silica using an ethyl acetate/heptane gradient.

Similar reactions afford the corresponding protected N-methyl-N-methylaminoethyl



substituted activated subunits.

Example 5 : Morpholino Subunits with pro-cationic linkages type (b3) (See Fig. 2E)

Oxidation of 1: All glassware was oven dried overnight and cooled under vacuum or

with a stream of N2. All solutions were prepared and transferred under N2. The starting

alcohol (1) was dried under vacuum at 50 0C for 24 hr prior to use.

A solution of 1 ( 1 eq; 25 mmol) in DMSO/dichloromethane (1:2

DMSO/dichloromethane (v:v); 5 mL/g 1) was added dropwise over 15 min to the Swern

reagent (prepared by adding DMSO (2.2 eq) to a solution of oxalyl chloride ( 1 . 1 eq) in

dichloromethane (21 mL/g) at -60 0C and stirring for 10 min). After stirring at -60 0C for 25

min, triethylamine (5 eq) was added over 10 min during which time a white precipitate

formed. Additional dichloromethane (5 mL/ g 1) was added and the reaction mixture stirred

in a water bath for 25 min.

The reaction mixture was diluted with isopropanol/dichlorom ethane (1:15

isopropanol/dichloromethane (v:v); 15 mL/g 1) and washed twice with 1:1 (v:v) water/brine

(20 ml/g 1). The solution was dried over Na2SO4 and concentrated to give the aldehydes

16a-e as pale yellow foams which were used without further purification. Yield = > 100%.

Reductive Amination of 16:

A solution of methylamine acetate (10 eq; 1.16 M solution in methanol) was added to a

solution of 16a-e ( 1 eq; 25 mmol) in methanol (8 mL/mmol 16). After adjustment to pH 8

with glacial acetic acid, the reaction mixture was stirred at room temperature for 1 hr and

BH3 pyridine (2 eq) was added. After stirring for a further 1 hr, the reaction mixture was

concentrated to a viscous oil.

To the crude product dissolved in dichloromethane (10 mL/mmol 16) was added

9-fluorenylmethyl chloroformate (FMOC chloride) (1.5 eq) followed by

diisopropylethylamine (2.5 eq) and the solution stirred at room temperature for 30 min. The

reaction mixture was diluted with dichloromethane (8 mL/mmol) and washed twice with 1:1

(v:v) water/brine (20 ml/ mmol 16). The solution was dried over Na2SO4, the solvent

removed and the crude product was purified by silica gel chromatography (gradient of

acetone/chloroform). Yield = 40-60% of 18a-e.

A solution of 18 ( 1 eq; 2.8 mmol) in 1% l,8-diazabicyclo[5.4.0]undec-7-ene

(DBU)/N,N-dimethylformamide (5 mL/g 18) was stirred at room temperature for 30 min.

The reaction mixture was diluted with chloroform (15 mL/g 18) and washed with 1:1 (v:v)

water/brine (10 mL/g 18). The aqueous phase was re-extracted once with chloroform (10

mL/g 18), the combined organic solutions dried over Na2SO4 and the solvent removed. The



residue was dissolved in N,N-dimethylformamide (15 mL/g 18), washed six times with

hexanes (15 mL/g 18) to remove/reduce the dibenzofulvene by-product and the solvent

removed to give the product 17a-e as an off-white solid. Yield = 85%

Freshly distilled ethyl phosphorodichloridate (3 eq) was added dropwise over 3 min to a

solution of 17 ( 1 eq; 2.3 mmol) and diisopropylethylamine (3 eq) in dry dichloromethane (40

mL/g 17) under N2 at 0 0C. The cooling bath was removed and the reaction mixture was

stirred at room temperature until complete by TLC (30 min). After removal of the solvent,

the crude product was purified directly by silica gel chromatography (ethyl acetate/hexane

gradient). Yield = 50-60%. This subunit is useful for introduction of uncharged linkages of

type (a). This general method was applied below for the introduction of charges linkages of

type (b3).

Reductive amination with a long chain ethereal diamine with the T subunit:

4-Methoxytriphenylmethyl chloride (15.4 g, 50 mmol) was dissolved in toluene and

added dropwise to a stirred solution of 4,7,1 0-trioxa- 1,13 -tridecaneamine (150 mmol) in

dichloromethane containing 50 mmol triethylamine. Reaction completion was conveniently

followed by TLC eluting with ethanol/conc ammonia (4:1, v/v) and visualizing with

ninhydrin or UV. When the reaction was done, the solution was washed with water to

remove the free amine. The solvent was removed by evaporation and the crude product used

without purification in the next step.

Ethyl trifluoroacetate (1.5 eq) was added to a solution of methoxytritylated amine ( 1 eq;

25 mmol) and triethylamine (1.5 eq) in dichloromethane (12 mL/g amine) at 0 0C, the cooling

bath was removed and the reaction mixture stirred at room temperature for 4 hr. On reaction

completion (TLC), the reaction mixture was diluted with dichloromethane (12 ml/g amine)

washed twice with 1:1 (v:v) water/brine (20 ml/g 1), dried over Na2SO4 and concentrated to a

viscous pale yellow oil. The crude methoxytritylated amide product was purified by silica

gel chromatography (gradient of ethyl acetate/chloroform). Yield = 60-70%.

p-Toluenesulfonic acid (1.5 eq) was added to solution of methoxytritylated amide (3 eq;

7.5 mmol) in methanol/trifluoroethanol/dichloromethane (1:10:89 (v:v:v); 5 ml/g 2) and the

yellow-orange solution stirred at room temperature for 30 min when reaction was complete

(TLC). The reaction mixture was neutralized to pH 7 with triethylamine and evaporated.

The crude product was redissolved in methanol (5 mL/g methoxytritylated amide), the pH

adjusted to pH 7 if necessary and re-evaporated. The methanol addition and evaporation was

repeated once more and the crude amine used without further purification.



The aldehyde 16d ( 1 eq; 2.5 mmol) was added to a solution of the crude amine in

methanol (5 mL/g crude amine; 12.5 mL/g 16d) and the pH adjusted to pH 8 with acetic acid.

The reaction mixture was stirred at room temperature for 1 hr and borane-pyridine (2 eq)

added. The pH was adjusted, if necessary, to maintain the starting pH and the reaction

mixture stirred for 1 hr or until complete by TLC. The reaction mixture was evaporated, the

residue dissolved in dichloromethane (12.5 mL/g 16d) and 9-fluorenylmethyl chloroformate

(2 eq) and diisopropylethylamine (3 eq) added and the reaction mixture stirred at room

temperature for 45 min. The reaction mixture was partitioned between dichloromethane and

1:1 (v:v) water/brine (12.5 mL/g 16d of each) and the aqueous phase re-extracted with

dichloromethane (12.5 mL/g 16d). The combined organics were washed with saturated

aqueous sodium chloride (25 mL/g 16d), dried over Na2SO4 and the solvent removed. The

crude product was purified by silica gel chromatography (gradient of methanol/chloroform)

to give product 2 1d as a white foam. Yield 40%.

Deprotection:

A solution of crude 21d ( 1 eq; 0.9 mmol) in 20% triethylamine/N,N-dimethylformamide

(15 mL/mmol 2Id) was heated at 50 0C for 30 min when no 21d remained by TLC. The

cooled reaction mixture was extracted four times with hexanes (30 mL/mmol 2Id) to remove

the dibenzofulvene by-product and the solvent removed. The residue was dissolved in

isopropanol (15 mL/mmol 2Id), evaporated to a foam then dissolved in a minimum volume

of dichloromethane and precipitated from hexanes (150 mL/g 2Id) to give the product 2Od as

an off white solid. Yield 90%.

Activation:

A solution of 2Od ( 1 eq; 0.78 mmol) and diisopropylethylamine (3 eq) was prepared in

dry dichloromethane (20 mL/g 2Od) under nitrogen and added dropwise over ~ 3 min to a

solution of ethyl phosphorodichloridate (3 eq) in dry dichloromethane (20 mL/g 2Od) under

N at 0 0C. The cooling bath was removed and the reaction mixture was stirred at room

temperature until complete by TLC (20 min). The solution was concentrated to

approximately 1 volume and purified directly by silica gel chromatography

(acetone/chloroform gradient). Yield = 40-50% of 22d.

Reductive animation with a long chain ethereal diamine with the C subunit:

Subunit I b was oxidized by an alternative method. The subunit (5 g, 1 eq) was added to

a solution formed by adding pyridine (9.15 eq) then trifluoroacetic acid (4.58 eq). The

solution placed in room temperature water bath and stirred. When the solution was clear,

diisopropylcarbodiimide (7.23 eq) was added slowly. After two hr, the solution was added to



800 mL of saturated aqueous sodium chloride solution. After stirring for 20 min, the mixture

was filtered. The product was dissolved in acetone and precipitated into de-ionized water.

The filtered product was dried under vacuum. The yield was 70-80%. The oxidized subunit

may be used as is, but may be purified by chromatography on silica using ethyl

acetate/dichloromethane mixtures.

The diamine 4,7,10-trioxa-l,13-tridecaneamine (33 g, 1 eq) was dissolved in 150 mL

diethyl ether, cooled to 0 0C , and the solution treated slowly with a solution of ethyl

trifluoroacetate (32 g, 1.5 eq) in 50 mL ether. TLC indicates reaction completion with only

traces of diamine remaining.

A portion of this solution (45 mL, 3 eq amine relative to aldehyde) was added to a stirred

solution of 3.42 g 16b in 20 mL methanol. After five min was added p-nitrophenol (2.52 g),

and after 20 min was added sodium cyanoborohydride (3.2 g, 8 eq). After 160 min at room

temperature additional sodium cyanoborohydride (1.2 g) and nitrophenol (0.8 g) were added.

The solution was poured into 800 mL of room temperature water, giving a suspension of

solids and viscous oil. The water was removed by decantation and the product dried in

vacuo. The entire product was dissolved in ethyl acetate and applied to 250 mL silica gel

packed in the same solvent. The column was washed with 2% triethylamine/ethyl acetate and

the product eluted with a 1% solution of triethylamine in 6:1 to 10:1 ethyl acetate:ethanol

mixture. The fractions containing product were evaporated dried in vacuo to yield 1.95 g, 37

% of the amine 20b.

The activated 5'-amino C subunit with the long chain ethereal side chain amine was

prepared as described above for the T compound.

Example 6 : Morpholino Subunits with type (b3) prb-cationic linkages by alleviation

(See Fig. 2F):

Hexamethylenediamine (10Og) was dissolved in methanol ( 1 L) and treated dropwise

with a solution of ethyl trifluoroacetate (103 mL) in 150 mL methanol. Very slight warming

of the solution occurs. The reaction was stirred for 30 min at room temperature after

addition. TLC using chloroform/methanol/conc ammonia (8:3:1) shows the presence of

amine. The solvents were removed by rotary evaporation, the residue dissolved in

toluene/ethyl acetate (1:3, 1 L) then washed four times with 10% saturated aqueous sodium

chloride solution to effect complete removal of excess diamine. Evaporation yields 117 g

crude amine which was used directly with the tosylated subunit formed below.

Subunit I b (20 g) dissolved in dichloromethane (200 mL) was treated with N-

methylimidazole ( 1 1 mL) and the mixture cooled in an ice bath. p-Toluenesulfonyl chloride



(8 g) was added in one step, the solution stirred for 10 min, and the flask placed at 4 0C for 16

hr. TLC (2% methanol in dichloromethane) indicates reaction completion. The reaction was

worked up by adding 300 mL dichloromethane and washing with three times 300 mL of 10%

saturated aqueous sodium chloride, and evaporating to yield 23b as a foam.

The tosylate 23b (17 g) and the monoprotected amine (46.5 g, containing some bis

acylated diamine) were mixed in acetonitrile (200 mL) along with triethylamine (15 mL).

Following 16 hr at 45 0C, the mixture was evaporated and the residue resuspended in N ,N-

dimethylformamide (200 mL). The mixture became homogenous at 45 °C. The solution was

heated for 5 days, at which time it was cooled to ambient temperature, and mixed with 1 L of

10% saturated aqueous sodium chloride and 800 mL ethyl acetate. The organic layer was

washed with 1 L 20% saturated aqueous sodium chloride, stirred with sodium sulfate, filtered

and evaporated to 48 g of alkylation product, which contains a mixture of benzoylated and

debenzoylated heterocyclic base.

A portion of the crude product above (9 g) was suspended in dichloromethane, cooled to

0 0C, and treated with a solution of N-(9-fluorenylmethoxycarbonyloxy)succinimide (FJVlOC-

OSu) (Chemical Abstracts number 8291 1-69-1) in 40 mL dichloromethane. The reaction was

complete after 20 minute. To the solution was added 3.3 mL N-methylimidazole then 1.9 mL

of benzoyl chloride to re-protect debenzoylated species. After 10 more min at 0 °C, the

reaction was allowed to warm to room temperature. The reaction was diluted with 150 mL

dichloromethane, washed with 250 mL pH=7 phosphate buffer, washed twice with 250 mL

10% saturated aqueous sodium chloride, dried over sodium sulfate, and evaporated. The

residue was loaded onto 500 mL silica using dichloromethane (3 L), and eluted with mixtures

of ethyl acetate in dichloromethane ( 1 L each of 5%, 10%, 15%, 2 L of 20%, 2 L of 40%)

The last eluent provided 2.9 g of pure benzoylated FMOC protected 5'-amino subunit 24b.

Washing the column with 2 L of 5% methanol/dichloromethane allowed the recovery of 5.4 g

of the debenzoylated FMOC protected 5'-amino subunit.

The FMOC group was removed from the product above (7.1 g) by treatment with

piperidine (28 mL) in DMF (140 mL). After 5 min at room temperature, the reaction was

partitioned between dichloromethane (400 mL) and water (30 mL). The organic layer was

washed three times with 400 mL 10% saturated aqueous sodium chloride. Evaporation

provided 8.8 g crude free amine, purified by chromatography on silica (360 mL), using

dichloromethane ( 1 L), 30% ethyl acetate/dichloromethane (2 L), and 5%

methanol/dichloromethane (3 L) to provide 2.5 g of amine product.



One gram of this amine was dissolved in dichloromethane (10 mL) at 0 0C and treated

successively with N-ethylmorpholine (500 mL), then ethyl phosphorodichloridate (230 mL).

Triethylamine (227 mL) was added and the mixture became homogeneous. The reaction was

complete after 4 hr. After the usual aqueous workup the product was purified by silica

chromatography (60 mL) using 10-50% ethyl acetate/heptane mixtures to give 800 mg of the

activated subunit 25b.

The same process was used to make the activated T subunit with protected

hexamethylene diamine side chain at the 5'-position. Subunit I d (50 g) was reacted with p-

toluenesulfonyl chloride (23.7 g) in dichloromethane (500 mL) and N-methylimidazole (16.5

mL). After one hr at 0 °C and 4 hr at room temperature, the reaction was diluted with 400

mL dichloromethane and washed with three times with 1 L of 10% saturated aqueous sodium

chloride. After drying over sodium sulfate and evaporation the residue weighed 57 g. The

residue (15 g) and 40 g of the crude mono(trifluoroacetylated)hexamethylene diamine were

reacted at reflux overnight in 100 mL acetonitrile. The residue after evaporation was

dissolved in 2% methanol/dichloromethane and applied to silica. The column was eluted

with dichloromethane, 50% ethyl acetate/dichloromethane, ethyl acetate, 80% ethyl

acetate/dichloromethane, and finally 5% methanol/dichloromethane to elute the product in

>98% purity. One gram of this product was activated and purified as above to yield 300 mg

(25%) of the activated subunit 25d.

In a similar fashion, la-e were reacted with 3,3'-diamino-N-methyldipropylamine, 26

which affords a side chain with two cationic sites as in 27a-e.

Example 7 : Morpholino Subunits with pro-cationic sulfamide linkages (See Fig. 2G) .

The 5'-methylamino subunit 17a-e ( 1 eq) in dimethylformamide (10 mL/g) was treated

with sulfur trioxide/pyridine (4 eq), pyridine (8 eq) followed by triethylamine (6 eq). After

16 hr, the reaction was added to excess saturated aqueous sodium chloride and the dried

precipitate chromatographed on silica using 5% methanol/chloroform and containing 2%

triethylamine. The triethylammonium salt of the sulfamic acid 28a-e so isolated was

dissolved in dichloromethane (20 mL/g). Pyridine (3.2 eq) was added and the mixture cooled

under nitrogen in a dry-ice acetone batch. The solution was treated dropwise with 1.1 eq

phosgene in toluene solution. After 25 min, the solution was allowed to warm to room

temperature over 20 min. The solution was rotary evaporated to an oil that was dissolved in

chloroform and directly chromatographed on silica using 40% ethyl acetate and hexane. The

product 29a-e obtained in 50% yield, was used for the introduction of sulfamide linkages of



type (a). The 5'-amino subunit from hexamethylene diamine (24a-e) was deprotected,

sulfated and activated in a similar fashion to provide 30a-e.

Example 8 : Preparation of Disulfide Anchor (See Fig. 2H)

Preparation of symmetrical disulfide 32: 1,1 '-Carbonyldiimidazole (CDI) (12.402 g; 2.2

eq.) was suspended in dichloromethane (5.25 mL/g) and cooled on an ice bath. Hydroxyethyl

disulfide 3 1 (5.36 g; 1 eq.) was dissolved in dichloromethane (10 mL/g) and tetrahydrofuran

( 1 mL/g). The diol solution was added to the CDI slowly such that the temperature of the

mixture stayed below 4 0C for the duration of the reaction. Upon reaction completion (once

addition was complete), de-ionized water (93.8 µL, 0.15 eq.) was added to quench the

reaction. Independently, 11 (32.59 g; 2.1 eq.) was dissolved in toluene (8 mL/g 11),

dichloromethane (2 mL/g 11), and methanol (2 mL/g 11). K2CO3 (22.09 g; 4.6 eq.) was

dissolved in de-ionized water (10 mL/g). The K2CO3 solution added to the solution of 1 1 ; the

mixture was stirred and then separated into two layers. The cloudy organic layer was

distilled to remove 90 grams; the resulting water droplets were separated and acetone (8 mL/g

11) was added to the organic layer. The solution of CDI activated disulfide diol was added to

the solution of free base 12 and concentrated to 225 mL. Acetone (10 mL/g 11) was added

and the mixture was concentrated to 225 mL. The mixture was heated to reflux and solid

began crystallizing out of solution. Upon completion, the reaction mixture was cooled and

the solid (32) was isolated by filtration. Yield: 27.92 g; 93.1% (based on weight-based

assay).

Preparation of disulfide alcohol 33: 32 (36.00 g; 32.1 mmol; 1 eq.) was suspended in

acetone (2.8 mL/g 32). Hydroxyethyl disulfide (78.51 mL; 20 eq.) was added followed by

acetone (1.7 mL/g 32). 5% NaOH/methanol (2.85 mL; 0.1 eq.) was added; the pH of the

mixture was 10 by pH paper. Triphenylphosphine (8.42 g; 1 eq.) was added followed by

acetone (1.1 mL/g 32). All solids went into solution and then product began to crystallize

out. After sixteen hr, the reaction mixture was neutralized with acetic acid (2.4 g; 0.2 eq.).

The crude product was isolated by filtration. The crude solid 33 was subjected to two

refluxing acetone reslurries (5 mL/g).

After filtration the crude product was suspended in dichloromethane (7.25 mL/g 32).

The mixture was heated until a clear solution formed (35 °C). The solution was extracted

five times with an equal volume of de-ionized water and the final organic layer was

concentrated to 155 mL. Dichloromethane was added (4.3 mL/g 32), and the solution was

again concentrated to 155 mL. CDI (9.17 g; 1.1 eq.) was added and the mixture was stirred at

room temperature. Upon reaction completion (~20 min) the reaction mixture was washed



twice with an equal volume of de-ionized water, then ethylbenzene (2.1 mL/g 32) was added.

The solution was concentrated to 65.2 g, reducing the dichloromethane in the solution to

0.17%, and stirred on an ice bath to crystallize the product. The product 34 was isolated by

filtration. Yield: 44%.

Example 9 : Triethylene glycol Tail (See Fig. 21)

Preparation of trityl piperazine phenyl carbamate 35: To a cooled suspension of

compound 11 in dichloromethane (6 mL/g 11) was added a solution of potassium carbonate

(3.2 eq) in water (4 mL/g potassium carbonate). To this two-phase mixture was slowly added

a solution of phenyl chloroformate (1.03 eq) in dichloromethane (2 g/g phenyl

chloroformate). The reaction mixture was warmed to 20 0C. Upon reaction completion (1-2

hr), the layers were separated. The organic layer was washed with water, and dried over

anhydrous potassium carbonate. The product 35 was isolated by crystallization from

acetonitrile. Yield = 80%

Preparation of carbamate alcohol 36: Sodium hydride (1.2 eq) was suspended in 1-

methyl-2-pyrrolidinone (32 mL/g sodium hydride). To this suspension were added

triethylene glycol (10.0 eq) and compound 35 (1.0 eq). The resulting slurry was heated to 95

0C. Upon reaction completion (1-2 hr), the mixture was cooled to 20 0C. To this mixture was

added 30% dichloromethane/methyl tert-butyl ether (v:v) and water. The product-containing

organic layer was washed successively with aqueous NaOH, aqueous succinic acid, and

saturated aqueous sodium chloride. The product 36 was isolated by crystallization from

dichloromethane/methyl tert-butyl ether/heptane. Yield = 90%.

Preparation of Tail acid 37: To a solution of compound 36 in tetrahydrofuran (7 mL/g

36) was added succinic anhydride (2.0 eq) and DMAP (0.5 eq). The mixture was heated to

50 0C. Upon reaction completion (5 hr), the mixture was cooled to 20 0C and adjusted to pH

8.5 with aqueous NaHCO3. Methyl tert-butyl ether was added, and the product was extracted

into the aqueous layer. Dichloromethane was added, and the mixture was adjusted to pH 3

with aqueous citric acid. The product-containing organic layer was washed with a mixture of

pH=3 citrate buffer and saturated aqueous sodium chloride. This dichloromethane solution of

37 was used without isolation in the preparation of compound 38.

Preparation of 38: To the solution of compound 37 was added N-hydroxy-5-norbornene-

2,3-dicarboxylic acid imide (HONB) (1.02 eq), 4-dimethylaminopyridine (DMAP) (0.34 eq),

and then l-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) (1.1 eq).

The mixture was heated to 55 0C. Upon reaction completion (4-5 hr), the mixture was cooled

to 20 0C and washed successively with 1:1 0.2 M citric acid/brine and brine. The



dichloromethane solution underwent solvent exchange to acetone and then to N N-

dimethylformamide, and the product was isolated by precipitation from acetone/ N N-

dimethylformamide into saturated aqueous sodium chloride. The crude product was

reslurried several times in water to remove residual N,N-dimethylformamide and salts. Yield

= 70% of 38 from compound 36. Introduction of the activated "Tail" onto the disulfide

anchor-resin was performed in NMP by the procedure used for incorporation of the subunits

during solid phase synthesis.

Example 10: Preparation of the Solid Support for Synthesis of Morpholino Oligomers

Example IQa: Preparation ofAminomethylpolystyrene-disulfide resin

This procedure was performed in a silanized, jacketed peptide vessel (custom made by

ChemGlass, NJ, USA) with a coarse porosity (40-60 µm) glass frit, overhead stirrer, and 3-

way Teflon stopcock to allow N to bubble up through the frit or a vacuum extraction.

Temperature control was achieved in the reaction vessel by a circulating water bath.

The resin treatment/wash steps in the following procedure consist of two basic

operations: resin fluidization and solvent/solution extraction. For resin fluidization, the

stopcock was positioned to allow N2 flow up through the frit and the specified resin

treatment/wash was added to the reactor and allowed to permeate and completely wet the

resin. Mixing was then started and the resin slurry mixed for the specified time. For

solvent/solution extraction, mixing and N2 flow were stopped and the vacuum pump was

started and then the stopcock was positioned to allow evacuation of resin treatment/wash to

waste. All resin treatment/wash volumes were 15 mL/g of resin unless noted otherwise.

To aminomethylpolystyrene resin (100-200 mesh; ~1.0 mmol/g N2 substitution; 75 g, 1

eq, Polymer Labs, UK, part #1464-X799) in a silanized, jacketed peptide vessel was added 1-

methyl-2-pyrrolidinone (NMP; 20 ml/g resin) and the resin was allowed to swell with mixing

for 1-2 hr. Following evacuation of the swell solvent, the resin was washed with

dichloromethane (2 x 1-2 min), 5% diisopropylethylamine in 25%

isopropanol/dichloromefhane (2 x 3-4 min) and dichloromethane (2 x 1-2 min). After

evacuation of the final wash, the resin was fluidized with a solution of disulfide anchor 34 in

1-methyl-2-pyrrolidinone (0.17 M; 15 mL/g resin, -2.5 eq) and the resin/reagent mixture was

heated at 450C for 60 hr. On reaction completion, heating was discontinued and the anchor

solution was evacuated and the resin washed with 1-methyl-2-pyrrolidinone (4 x 3-4 min)

and dichloromethane (6 x 1-2 min). The resin was treated with a solution of 10% (v/v)

diethyl dicarbonate in dichloromethane (16 mL/g; 2 x 5-6 min) and then washed with



dichloromethane (6 x 1-2 min). The resin 39 was dried under a N2 stream for 1-3 hr and then

under vacuum to constant weight (± 2%). Yield: 110-150% of the original resin weight.

Example IQb: Determination of the Loading ofAminomethylpolystyrene-disulfide resin

The loading of the resin (number of potentially available reactive sites) is determined by

a spectrometric assay for the number of triphenylmethyl (trityl) groups per gram of resin.

A known weight of dried resin (25 ± 3 mg) is transferred to a silanized 25 ml volumetric

flask and ~5 mL of 2% (v/v) trifluoroacetic acid in dichloromethane is added. The contents

are mixed by gentle swirling and then allowed to stand for 30 min. The volume is brought up

to 25 mL with additional 2% (v/v) trifluoroacetic acid in dichloromethane and the contents

thoroughly mixed. Using a positive displacement pipette, an aliquot of the trityl-containing

solution (500 µL) is transferred to a 10 mL volumetric flask and the volume brought up to 10

mL with methanesulfonic acid.

The trityl cation content in the final solution is measured by UV absorbance at 431.7 nm

and the resin loading calculated in trityl groups per gram resin (µmol/g) using the appropriate

volumes, dilutions, extinction coefficient (ε: 4 1 µmor'cm 1) and resin weight. The assay is

performed in triplicate and an average loading calculated.

The resin loading procedure in this example will provide resin with a loading of

approximately 500 µmol/g. A loading of 300-400 in µmol/g was obtained if the disulfide

anchor incorporation step is performed for 24 hr at room temperature.

Example IQc: Tail loading

Using the same setup and volumes as for the preparation of aminomethylpolystyrene-

disulfide resin, the Tail can be introduced into the molecule. For the coupling step, a solution

of 38 (0.2 M) in NMP containing 4-ethylmorpholine (NEM, 0.4 M) was used instead of the

disulfide anchor solution. After 2 hr at 45 0C, the resin 39 was washed twice with 5%

diisopropylethylamine in 25% isopropanol/dichloromethane and once with DCM. To the

resin was added a solution of benzoic anhydride (0.4 M) and NEM (0.4 M). After 25 min,

the reactor jacket was cooled to room temperature, and the resin washed twice with 5%

diisopropylethylamine in 25% isopropanol/dichloromethane and eight times with DCM. The

resin 40 was filtered and dried under high vacuum. The loading for resin 40 is defined to be

the loading of the original aminomethylpolystyrene-disulfide resin 39 used in the Tail

loading.



Example 11: Preparation of Morpholino Oligomers on an Automated Synthesizer

Example 11a: Solid Phase Synthesis

Morpholino Oligomers were prepared on a Gilson AMS-422 Automated Peptide

Synthesizer in 2 mL Gilson polypropylene reaction columns (Part # 3980270). An aluminum

block with channels for water flow was placed around the columns as they sat on the

synthesizer. The AMS-422 will alternatively add reagent/wash solutions, hold for a specified

time, and evacuate the columns using vacuum.

For oligomers in the range up to about 25 subunits in length, aminomethylpolystyrene-

disulfide resin with loading near 500 µmol/g of resin is preferred. For larger oligomers,

aminomethylpolystyrene-disulfide resin with loading of 300-400 µmol/g of resin is preferred.

If a molecule with 5'-Tail is desired, resin that has been loaded with Tail is chosen with the

same loading guidelines.

The following reagent solutions were prepared:

Detritylation Solution: 10% Cyanoacetic Acid (w/v) in 4:1 dichloromethane/acetonitrile;

Neutralization Solution: 5% Diisopropylethylamine in 3:1 dichloromethane/isopropanol;

Coupling Solution: 0.18 M (or 0.24 M for oligomers having grown longer than 20 subunits)

activated Morpholino Subunit of the desired base and linkage type and 0.4 M

N-ethylmorpholine, in 1,3-dimethylimidazolidinone. Dichloromethane (DCM) was used as a

transitional wash separating the different reagent solution washes.

On the synthesizer, with the block set to 42 °C, to each column containing 30 mg of

aminomethylpolystyrene-disulfide resin (or Tail resin) was added 2 mL of l-methyl-2-

pyrrolidinone and allowed to sit at room temperature for 30 min. After washing with 2 times

2 mL of dichloromethane, the following synthesis cycle was employed:



The sequences of the individual oligomers were programmed into the synthesizer so that

each column receives the proper coupling solution (A,C,G,T,I) in the proper sequence. When

the oligomer in a column had completed incorporation of its final subunit, the column was

removed from the block and a final cycle performed manually with a coupling solution

comprised of 4-methoxytriphenylmethyl chloride (0.32 M in DMI) containing 0.89 M A-

ethylmorpholine.

Example lib: Cleavage from the resin and removal of bases and backbone protecting

groups

After methoxytritylation, the resin was washed 8 times with 2 mL l-methyl-2-

pyrrolidinone. One mL of a cleavage solution consisting of 0.1 M 1,4-dithiothreitol (DTT)

and 0.73 M triethylamine in l-methyl-2-pyrrolidinone was added, the column capped, and

allowed to sit at room temperature for 30 min. After that time, the solution was drained into a

12 mL Wheaton vial. The greatly shrunken resin was washed twice with 300 µL of cleavage

solution. To the solution was added 4.0 mL cone aqueous ammonia (stored at -20 °C), the

vial capped tightly (with Teflon lined screw cap), and the mixture swirled to mix the solution.

The vial was placed in a 45 °C oven for 16-24 hr to effect cleavage of base and backbone

protecting groups.

Example lie: Initial Oligomer Isolation

The vialed ammonolysis solution was removed from the oven and allowed to cool to

room temperature. The solution was diluted with 20 mL of 0.28% aqueous ammonia and

passed through a 2.5x10 cm column containing Macroprep HQ resin (BioRad). A salt

gradient (A: 0.28% ammonia with B : 1 M sodium chloride in 0.28% ammonia; 0-100% B in

60 min) was used to elute the methoxytrityl containing peak. The combined fractions were

pooled and further processed depending on the desired product.



Example Hd: Demethoxytή tylation ofMorpholino Oligomers: Methoxytrityl Off

Oligomers

The pooled fractions from the Macroprep purification were treated with 1 M H3PO to

lower the pH to 2.5. After initial mixing, the samples sat at room temperature for 4 min, at

which time they are neutralized to pH 10-1 1 with 2.8% ammonia/water. The products were

purified by solid phase extraction (SPE).

Amberchrome CG-300M (Rohm and Haas; Philadelphia, PA) (3 mL) is packed into 20

mL fritted columns (BioRad Econo-Pac Chromatography Columns (732-101 1)) and the resin

rinsed with 3 mL of the following: 0.28% NH4OH/80% acetonitrile; 0.5M

NaOH/20%ethanol; water; 50 mM H3PO4/80% acetonitrile; water; 0.5 NaOH/20% ethanol;

water; 0.28% NH4OH.

The solution from the demethoxytritylation was loaded onto the column and the resin

rinsed three times with 3-6 mL 0.28% aqueous ammonia. A Wheaton vial (12 mL) was

placed under the column and the product eluted by two washes with 2 mL of 45% acetonitrile

in 0.28% aqueous ammonia. The solutions were frozen in dry ice and the vials placed in a

freeze dryer to produce a fluffy white powder. The samples were dissolved in water, filtered

through a 0.22 micron filter (Pall Life Sciences, Acrodisc 25 mm syringe filter, with a 0.2

micron HT Tuffryn membrane) using a syringe and the Optical Density (OD) was measured

on a UV spectrophotometer to determine the OD units of oligomer present, as well as

dispense sample for analysis. The solutions were then placed back in Wheaton vials for

lyophilization.

Example lie: Analysis ofMorpholino Oligomers:

MALDI-TOF mass spectrometry was used to determine the composition of fractions in

purifications as well as provide evidence for identity (molecular weight) of the oligomers.

Samples were run following dilution with solution of 3,5-dimethoxy-4-hydroxycinnamic acid

(sinapinic acid), 3,4,5-trihydoxyacetophenone (THAP) or alpha-cyano-4-hydoxycinnamic

acid (HCCA) as matrices.

Cation exchange (SCX) HPLC was performed using a Dionex ProPac SCX-10,

4x250mm column (Dionex Corporation; Sunnyvale, CA) using 25 mM pH=5 sodium acetate

25% acetonitrile (Buffer A) and 25 mM pH=5 sodium acetate 25% acetonitrile 1.5 M

potassium chloride (buffer B) (Gradient 10-100% B in 15 min) or 25 mM KH2PO4 25%

acetonitrile at pH=3.5 (buffer A) and 25 mM KH2PO4 25% acetonitrile at pH=3.5 with 1.5 M

potassium chloride (buffer B) (Gradient 0-35% B in 15 min). The former system was used



for positively charged oligomers that do not have a peptide attached, while the latter was used

for peptide conjugates.

Example Hf: Purification ofMorpholino Oligomers by Cation Exchange

Chromatography

The sample is dissolved in 20 mM sodium acetate, pH=4.5 (buffer A) and applied to a

column of Source 30 cation exchange resin (GE Healthcare) and eluted with a gradient of 0.5

M sodium chloride in 20 mM sodium acetate and 40% acetonitrile, pH=4.5 (buffer B). The

pooled fractions containing product are neutralized with cone aqueous ammonia and applied

to an Amberchrome SPE column. The product is eluted, frozen, and lyophilized as above.

The following oligomers exemplify this method:

5'-(EG3) - G+TGC+TCA+TGG+TGCACGG+TC - 3'-(H), calculated [M+H]+ = 6860.9

daltons, found [M+H]+ = 6861.7 daltons, useful for HCV

5'-(EG3) - GCC+ATGGT+TTT+TTC+TC+AGG -3'-(H), calculated [M+H]+ = 6825.9

daltons, found [M+H]+ = 6827.1 daltons, useful for Ebola

5'-(EG3) - +TGGGT+ATG+TTGT+AGCC+AT -3'-(H), calculated [M+H]+ = 7245.2

daltons, found [M+H]+ = 7246.8 daltons, useful for Ebola

5'-(EG3) - CC+TGCCC+TTTGT+TCT+AGT+TG -3'-(H), calculated [M+H]+ 7092.2

daltons, found [M+H]+ = 7093.8 daltons, useful for Ebola

Example Hg: 3- '-Methoxytrityl and 3 '-Trityl Morpholino Oligomers

The Macroprep purified oligomers were directly applied to the solid phase extraction

columns, and the 3'-methoxytritylated oligomers were isolated and quantified in the same

manner as the demethoxytritylated species.

Example 12: Synthesis of N2,O6-Protected Morpholino G (DPG) for Large Scale

Oligomer Synthesis

Preparation of 41: To a cooled solution of I c and imidazole (1.3 eq) in dichloromethane

(8 mL/g 1) was added a solution of tert-butyldimethylchlorosilane (1.2 eq) in

dichloromethane. After addition, the solution was warmed to 20 0C. Upon reaction

completion ( 1 - 3 hours), this solution was washed successively with 1 M citrate buffer

(adjusted to pH 3 with NaOH) and water. The resulting organic solution was distilled to

azeotropically remove water and used directly in the next step.

Preparation of 42: To a 0 0C cooled solution of 41 in dichloromethane were added

successively triethylamine (1.2 eq), 4-dimethylaminopyridine (0.1 eq), and

triisopropylbenzenesulfonyl chloride (1.1 eq). The solution was warmed to 20 0C. Upon

reaction completion (3 - 9 hours), the solution was washed successively with 1 M KH2PO4



and water. The resulting organic solution was distilled to azeotropically remove water and

used directly in the preparation of compound 44.

Preparation of 43: To a solution of 4-hydroxybenzaldehyde (1.0 eq) and N-

methylimidazole (0.2 eq) in toluene was added a solution OfKHCO (2.0 eq) in water. To the

resulting two-phase mixture was added trimethylacetyl chloride (1.4 eq). Upon reaction

completion ( 1 - 2 hours), methanol (1.0 eq) was added, and the mixture was stirred for 1

hour. After separation of layers, the organic layer was washed successively with 1 M

KH2PO4 and water. The resulting organic solution was distilled to azeotropically remove

water and diluted with THF. To this solution was added 5% Pd/C catalyst (0.004 eq, Johnson

Matthey, West Deptford, NJ, USA), and the mixture was hydrogenated under 5 - 30 psi H2.

Upon reaction completion (4 - 8 hours), the mixture was filtered through a pad of Celite and

washed with pH 6.5 phosphate buffer. The product was crystallized from toluene/heptane.

Yield 80%.

Preparation of 44: To a cooled solution of 3 in dichloromethane was added N-

methylpyrrolidine (2.0 eq). After 10 minutes, 3a (1.2 eq) was added, followed by DBU (1.2

eq). After reagent addition, the solution was warmed to 20 0C. Upon reaction completion ( 1

- 9 hours), the solution was washed successively with 1 M KH2PO4 and water. The resulting

organic solution was distilled to azeotropically remove water and used directly in the next

step.

Preparation of 45: To the solution of 44 in dichloromethane was added triethylamine

trihydrofluoride (2.0 eq). Upon reaction completion (4 - 20 hours), the solution was washed

successively with sodium bicarbonate solution, pH 6.5 phosphate buffer, and water. The

resulting solution was distilled to remove dichloromethane, and the product was crystallized

from THF/water. Yield = 70% from Ic.

Preparation of 46: Compound 45 was dissolved in dichloromethane (6 mL/g 45) and

cooled to < 5 0C. To this solution were added 2,6-lutidine (1.6 eq), N-methylimidazole (0.3

eq), and N,N-dimethylphosphoramidodichloridate (1.6 eq). The solution was warmed to 20

0C. Upon reaction completion (6 - 12 hours), this mixture was washed with a pH 3 citrate

buffer. The crude product was isolated by precipitation/reslurry. The doubly protected

(DPG) product 46 was purified by silica gel chromatography (gradient of ethyl

acetate/heptane) and isolated by precipitation into heptane. Yield = 40 - 60%.

Example 13: Large scale synthesis of Morpholino Oligomers

The reactor design for the loading of anchor and Tail on aminomethylpolystyrene resin is

used for larger scale synthesis of Morpholino Oligomers. Resin loading guidelines are the



same as for the smaller scale synthesis.

Example 13a: Solid Phase Synthesis

Protected oligomers were prepared manually by solid phase oligomer synthesis on

aminomethylpolystyrene-disulfide resin (-500 µmol/g loading) at 10 g scale (starting resin

weight). Solutions used were as follows: detritylation solution: 2% 4-cyanopyridinium

trifluoroacetate (CYTFA) (w/v) in 20% trifluoroethanol/dichloromethane with 1% ethanol;

neutralization solution: 5% diisopropylethylamine in 25% isopropanol/dichloromethane;

coupling solution: 0.165 M (for 46 (DPG) and 5d or other T subunits) or 0.18 M (for 5a and

5b or other A/C subunits) activated Morpholino Subunit and 0.4 M N-ethylmorpholine in

1,3-dimethylimidazolidinone (DMI).

After transfer of the resin to the synthesis reactor and prior to initiating synthesis cycles,

l-methyl-2-pyrrolidinone (NMP, 20 mL/g resin) was added and allowed to sit for 1-2 hrs.

After washing 2 times with dichloromethane (10 mL/g resin), the following synthesis cycle

was used with addition of the appropriate coupling solution of activated Morpholino Subunit

of the desired base and desired linkage type at each cycle to give the proper sequence.



After incorporation of the final subunit, a final cycle (methoxytritylation) was performed

with 0.32 M 4-methoxytriphenylmethyl chloride and 0.4 M N-ethylmorpholine in DMI.

After methoxytritylation, the resin was washed 8 times with NMP and then treated with

cleavage solution consisting of 0.1 M 1,4-dithiothreitol (DTT) and 0.73 M triethylamine in

NMP (27 mL/g starting resin) for 30 min. After collection of the protected oligomer solution,

the resin (significantly reduced in volume) was washed with two additional portions of

cleavage solution (13 mL/g starting resin for 15 min each) and the washes were combined

with the bulk solution. To the protected oligomer solution in an appropriately sized pressure

bottle with Teflon plug (Ace Glass, NJ, USA) was added concentrated aqueous ammonia

( 106 mL/g starting resin, previously cooled to -20 0C), the bottle sealed, and the contents

mixed by swirling. The bottle was placed in a 45 0C oven for 16-20 hr to remove base and

backbone protecting groups.

Following ammonolysis, the crude oligomer solution is cooled to room temperature and

then diafiltered against 0.28% aqueous ammonia using a PLBC 3kd Regenerated Cellulose

membrane (Millipore) to remove solvents and small molecules prior to ion exchange

chromatography.

Example 13b: Purification ofMorpholino Oligomers by Anion Exchange

Chromatography

The crude oligomer solution obtained from diafiltration is adjusted to pH 11-1 1.5 and

loaded onto a column of ToyoPearl Super-Q 650S anion exchange resin (Tosoh Bioscience.

The methoxytritylated oligomer was eluted with a gradient of 5-35% B over 17 column

volume (Buffer A : 10 mM sodium hydroxide; Buffer B : 1 M sodium chloride in 10 mM

sodium hydroxide) and fractions of acceptable purity (anion exchange HPLC and mass spec)

pooled.

Example 13c: Demethoxytritylation ofMorpholino Oligomers

To the pooled fractions from anion exchange chromatography was added acetonitrile

(10% by volume) followed by 2 M H3PO4 to adjust the pH to 3. The solution was mixed for

45 min and then neutralized with concentrated aqueous ammonia to pH 7 . The oligomer

solution was diafiltered against 20 mM sodium acetate using a PLBC 3kd Regenerated

Cellulose membrane (Millipore) to exchange buffers prior to cation exchange

chromatography.



Example 13d: Purification ofMorpholino Oligomers by Cation Exchange

Chromatography

The oligomer solution was adjusted to pH 4.5 with acetic acid and loaded onto a column

of Source 3OS cation exchange resin (GE Healthcare). The oligomer was eluted with a

gradient of 0-35% B over 17 column volumes (Buffer A : 20 mM sodium acetate, 25%

acetonitrile, pH 4.5; Buffer B : 0.5 M sodium chloride, 20 mM sodium acetate, 25%

acetonitrile, pH 4.5) and fractions of acceptable purity (cation exchange HPLC and mass

spec) pooled.

Example 13e: Isolation ofMorpholino Oligomers

The purified oligomer solution was diafiltered against 0.028% aqueous ammonia using a

PLBC 3kd Regenerated Cellulose membrane (Millipore) to remove salt and generate the

oligomer free base. The desalted oligomer solution was then frozen and lyophilized to give

the oligomer as a white fluffy powder (-12% water content). By this method compounds

useful in Ebola treatment were prepared:

5'-(EG3) - GCC+ATGGT+TTT+TTC+TC+AGG - 3'-(H), 8.4 g

5'-(EG3) - CC+TGCCC+TTTGT+TCT+AGT+TG - 3'-(H), 10.0 g

Identical to the compounds made by small scale.

Example 13f: Analysis ofMorpholino Oligomers by Anion Exchange HPLC:

Anion exchange (SAX) HPLC was performed using a Dionex DNAPac, 4x250mm

column (Dionex Corporation; Sunnyvale, CA) using 20 mM sodium chloride, 10 mmol

sodium hydroxide (Buffer A) and 1 M sodium chloride, 10 mmol sodium hydroxide (buffer

B), (Gradient 10-53% B in 20 min).

Example 14: Introduction of a Guanidinium group into a Morpholino Oligomer.

Example 14a: By direct guanylation of amines:

10 µmol of a Morpholino Oligomer, the backbone of which contained three piperazine

secondary amines, were dissolved in 0.5 M Na2CO3 at 75 mg/ mL. 700 µmol of 1-H-

pyrazole-1-carboxamidine HCl were added to the Morpholino Oligomer solution and the

reaction stirred at room temperature. After three hours had elapsed, the reaction was diluted

with water and purified by solid phase extraction (SPE) using an Amberchrom CG300M

(Rohm and Haas; Philadelphia, PA) column. The SPE purification entailed loading the

sample onto the column at 20 mg/mL, washing the column with 4 column volumes of 1 M

NaCl and then 3 column volumes of water. The product was eluted by washing the column

with 3 column volumes of acetonitrile/water (1:1 v/v). The product, as the HCl salt, was then

lyophilized.



Strong cation exchange (SCX) purification at pH = 9 of morpholino oligomers

containing guanidine backbone moieties may be achieved when the oligomer contains at least

three guanidine groups on the backbone and/or termini. Prior to lyophilization, the desalted

solution from above was purified by SCX at pH 9 to separate the guanidine-modified product

from any remaining underivatized piperazine precursor. The liquid chromatography column

had dimensions of 10 x 62 mm (Bio-Chem Valve / Omnifit, Cambridge, United Kingdom)

and contained Source 15S strong cation exchange media (GE Healthcare Bio-Sciences Corp.,

Piscataway, NJ). The mobile phase compositions were A) 25mM Tris HCl, 25% acetonitrile

(v/v); pH 9.0 and B) 1.0 M sodium chloride, 25mM Tris HCl, 25% acetonitrile (v/v); pH 9.0.

A linear velocity of 342 cm/hr was used. After equilibration of the column with four column

volumes of mobile phase A, the oligomer sample was loaded in mobile phase A at a

concentration of approximately 5 mg/mL. The column was then washed for two minutes

with mobile phase A, after which fraction collection was initiated concurrently with a linear

gradient of 0-20% mobile phase B over twenty-two minutes. Fractions were analyzed

individually by MALDI-TOF MS. Selected fractions were pooled and desalted by solid

phase extraction. The fraction pool was diluted 5-fold with water and loaded onto an

Amberchrom CG300M column. The SPE desalt entailed loading the sample onto the column

at 20 mg/mL and washing the column with 3 column volumes of water. The product was

then eluted by washing the column with 3 column volumes of acetonitrile/water (1:1 v/v).

The product was lyophilized and analyzed by MALDI-TOF MS and SCX HPLC.

The following oligomers exemplify this method:

5'-(EG3) - CTGGG+ATG+AG+ATCC+ATC+ACT -3'-(H) was prepared using resin

with Tail. A sample (1000 OD) was converted by the methods above into:

5'-(EG3) - CTGGG(Gupip)ATG(Gupip)AG(Gupip)ATCC(Gupip)ATC(Gupip)ACT -3'-(Gu)

calculated [M+H]+ = 7421 .5 daltons. The crude product (907 OD) recovered after SPE,

found [M+H]+ = 7422.6 daltons, was purified on SCX ion exchange at pH = 9 to provide 378

OD product, found [M+H]+ = 7420.9.

Example 14b: Introduction of euanidinium groups by reaction with Guanidino amino

acid trifluoroacetate salts

Preparation of Guanidino acid trifluoroacetate salts.

The guanidino acid was dissolved in trifluoroacetic acid at a concentration of 330 mg/

mL with gentle heating and stirring. Once fully dissolved, the solution was added dropwise

to a tenfold volumetric excess of diethyl ether to precipitate the trifluoroacetate salt of the

guanidino acid. The suspension was centrifuged, the supernatant decanted, and the solid



triturated in a fresh portion of diethyl ether. The suspension was again centrifuged, the

supernatant decanted, and the solid dried under vacuum.

Conjugation of Guanidino acids (general) to amines of a Morpholino Olifiomer.

The morpholino oligomer, containing free amino groups on the backbone and/or termini,

was dissolved in DMSO at 75 mg/ mL. Separately, an activated guanidino acid solution was

prepared by dissolving the trifiuoroacetate or hydrochloride salt of the guanidino acid (2

equivalents with respect to Morpholino Oligomer amines) and HBTU (1.95 equivalents with

respect amines) in NMP at 100 mg/ mL (with respect to guanidino acid). DIEA (3

equivalents with respect to guanidino acid) was then added to the guanidino acid solution.

The activated guanidino acid solution was mixed briefly and immediately added to the

Morpholino Oligomer solution. After three hours of stirring at room temperature, the

reaction was diluted 2 .33-fold with cold concentrated ammonium hydroxide. As required,

TFE was added slowly with gentle heating and mixing to redissolve the precipitated solid.

The reaction was then heated at 45 C in a sealed vessel for 18 hours, after which it was

diluted 15-fold with water and purified by SPE using an Amberchrom CG300M (Rohm and

Haas; Philadelphia, PA) column. The SPE purification entailed loading the sample onto the

column at 20 mg/mL, washing the column with 4 column volumes of 1 M NaCl and then 3

column volumes of water. The product was eluted by washing the column with 3 column

volumes of acetonitrile/water (1:1 v/v). The conjugate was lyophilized and analyzed by

MALDI-TOF MS and SCX HPLC.

The following oligomers exemplify this method:

5'-(H) - C+TTCGA+TAG+TG -3'-(H) was prepared from using resin with no Tail. A

sample (970 OD) was converted with 4-guanidinobutanoic acid by the methods above into:

5'-( GuBu) - C(GuBupip)TTCGA(GuBupip)TAG(GuBupip)TG -3'-(GuBu), calculated

[M+H]+ = 4541 .2 daltons. The crude product (820 OD) recovered after SPE, found [M+H]+ =

4541 .9 daltons, was purified on SCX ion exchange at pH = 9 to provide 356 OD product,

found [M+H]+ = 4542.1

Conjugation of 6-Guanidinohexanoic acid to secondary amines of a Morpholino

Oligomer .

6-Guanidinohexanoic acid was obtained from AlzChem; Trostberg, Germany. The

Morpholino Oligomer (20 µmol), an 18-mer with eight secondary amines incorporated into

the backbone (160 µmol of amine groups), was dissolved in dimethylsulfoxide (DMSO) at 75

mg/ mL. Separately, an activated 6-guanidinohexanoic acid solution was prepared by

dissolving 320 µmol (2 molar equivalents with respect to amines) of the trifiuoroacetate salt



of 6-Guanidinohexanoic acid and 312 µmol of 2-(l- H-benzotriazol-l-yl)-l,l,3,3-

tetramethylaminium hexafluorophosphate (HBTU) in 920 µL of 1-methyl-2-pyrrolidinone

(NMP) and adding 960 µmol of N,N-diisopropylethylamine (DIEA). Immediately after

addition of DIEA, the activated guanidino-acid solution was added to the Morpholino

Oligomer solution. After stirring under nitrogen at room temperature for three hours, 4 mL

of concentrated ammonium hydroxide were added to the reaction. 7 mL of 2,2,2-

trifluoroethanol (TFE) were added with gently heating and mixing to redissolve the

precipitated solid and the solution heated at 45°C for 18 hours. The solution was then diluted

to 200 mL with water and purified by solid phase extraction (SPE) using an Amberchrom

CG300M column as detailed above. The conjugate was lyophilized and analyzed by

MALDI-TOF MS and SCX HPLC.

The following oligomers exemplify this method:

5'-(H) - C+TTCGA+TAG+TG -3'-(H) was prepared using resin with no Tail. A sample

(635 OD) was converted by the methods above into:

5' -(GuAhx) - C(GUX)TTCGA(GUX)T AG(GuX)TG -3 '-(GuAhx), calculated [M+H]+ =

468 1.4 daltons. The crude product (563 OD) recovered after SPE, found [M+H]+ 468 1.2

daltons, was purified on SCX ion exchange at pH = 6.5 to provide 427 OD product of 93.3%

purity by SCX HPLC, found [M+H]+ = 4682.4.

5'-(EG3) - CTGGG+ATG+AG+ATCC+ATC+ACT -3'-(H) was prepared using resin

with Tail. A sample (1500 OD) was converted by the methods above into:

5'-(EG3) - CTGGG(GuX)ATG(GuX)AG(GuX)ATCC(GuX)ATC(GuX)ACT -3 '-(GuAhx),

calculated [M+H]+ 8100.5 daltons. The crude product (1486 OD) recovered after SPE,

found [M+H]+ = 8100.4 daltons, was purified on SCX ion exchange at pH = 9 to provide 700

OD product, found [M+H]+ = 8100.6.

This method was also used to add peptide acids such as AcRAhxRAhxB (written more

expansively as AcNH-RAhxRAhxB-OH in Figure 20) to the backbone amines.

Example 14c: By Conjugation of aminoalkanoic acids to amines of a Morpholino

Oligomer followed by guanylation:

The Morpholino Oligomer, containing free amino groups on the backbone and/or

termini, was dissolved in DMSO at 75 mg/ mL. Separately, an activated Fmoc-

aminoalkanoic acid solution was prepared by dissolving the Fmoc-protected amino acid (2

equivalents with respect to Morpholino Oligomer amines) and HBTU (1.95 equivalents with

respect amines) in NMP at 100 mg/ mL (with respect to amino acid). DIEA (3 equivalents

with respect to amino acid) was then added to the amino acid solution. The activated amino



acid solution was mixed briefly and immediately added to the Morpholino Oligomer solution.

After three hours of stirring at room temperature, the reaction was diluted 2 .33-fold with cold

concentrated ammonium hydroxide. The reaction was then heated at 45°C in a sealed vessel

for 18 hours, after which it was diluted 15-fold with water and purified by SPE using an

Amberchrom CG300M (Rohm and Haas; Philadelphia, PA) column. The SPE purification

entailed loading the sample onto the column at 20 mg/mL, washing the column with 4

column volumes of 1 M NaCl and then 3 column volumes of water. The product was eluted

by washing the column with 3 column volumes of acetonitrile/water (1:1 v/v). The conjugate

was lyophilized and analyzed by MALDI-TOF MS and SCX HPLC. The product may be

guanylated and purified as per the previous examples.

The following oligomers exemplify this method:

5'-(EG3) - CTGGG+ATG+AG+ATCC+ATC+ACT -3'-(H) was prepared using resin

with Tail. A sample (2000 OD) was converted by the methods above into:

5'-(EG3) - CTGGG(Ahxpip)ATG(Ahxpip)AG(Ahxpip)ATCC(G)ATC(Ahxpip)ACT -3'-

(Ahx), calculated [M+H]+ = 7848.3 daltons. The crude product (1672 OD) recovered after

SPE, found [M+H]+ = 7847.7 daltons. A portion of this material (800 OD) was further

converted by guanylation into

5'-(EG3) - CTGGG(GuX)ATG(GuX)AG(GuX)ATCC(GuX)ATC(GuX)ACT -3'-(GuAhx),

calculated [M+H]+ = 8100.5 daltons. The crude product recovered after SPE, found [M+H]+

= 8101.4 daltons, as purified by SCX chromatography to give 320 OD of final product.

Example 15: Introduction of Arginine rich peptides into a Morpholino Oligomer.

The morpholino oligomer, containing free amino groups on the backbone and/or termini,

was dissolved in DMSO at 75 mg/ mL. Separately, an activated peptide solution was

prepared, the peptide being 1-25 amino acid residues in length, containing an N-terminal

blocking group, preferably acetyl, and comprised of amino acids with guanidinium,

hydrocarbon, or other non-nucleophilic side chains. The peptide (2 equivalents with respect

to morpholino oligomer amines) and HBTU (1.95 equivalents with respect to amine groups)

were dissolved in NMP at 100 mg/ mL (with respect to peptide). DIEA (2 equivalents with

respect to peptide) was then added to the peptide solution. The activated peptide solution was

mixed briefly and immediately added to the morpholino oligomer solution. After three hours

of stirring at room temperature, the reaction was diluted 2 .33-fold with cold concentrated

ammonium hydroxide. As required, TFE was added slowly with gentle heating and mixing

to redissolve the precipitated solid. The reaction was then heated at 45 C in a sealed vessel

for 18 hours, after which it was diluted 15-fold with water and purified by SPE using an



Amberchrom CG300M (Rohm and Haas; Philadelphia, PA) column. The SPE purification

entailed loading the sample onto the column at 20 mg/mL, washing the column with 4

column volumes of 1 M NaCl and then 3 column volumes of water. The product was eluted

by washing the column with 3 column volumes of acetonitrile/water (1:1 v/v). The conjugate

was lyophilized and analyzed by MALDI-TOF MS and SCX HPLC. The product may be

purified as per the pervious examples.

Example 16: Preparation of Morpholino Oligomers having an Arginine rich peptide and

backbone Guanidinium groups

Morpholino oligomers with backbone guanidinium groups, as prepared in Example 14,

were reacted with arginine rich peptides as in Example 15. The products were purified on

Source 15S SCX cation exchange resin as described in Example 13.

Example 17: Preparation of Morpholino Oligomers having an Arginine rich peptide and

backbone amine groups

Example 17a: Protection of morpholino oligomer secondary amines as

trifluoroacetamides:

4 1 mg of the Morpholino oligomer, an 11-mer with three backbone secondary amines

and 3'-trityl or methoxytrityl, were dissolved in 0.500 mL of dimethylsulfoxide (DMSO). To

the oligomer solution were added 8.2 µL (5 eq) N,N-diisopropylethylamine (DIEA) followed

by 44 µL (5 eq.) of a 250 mg/mL solution of 4-nitrophenyl trifluoroacetate in N-

methylpyrrolidinone (NMP). The additions of DIEA and 4-nitrophenyl trifluoroacetate were

repeated four more times at 90 min intervals and the reaction then stirred for 15 hr at room

temperature. The 3'-trityl or methoxytrityl group was then removed by adding 3.76 mL (20

eq.) of a 50 mM solution of 4-cyanopyridinium trifluoroacetate in 2,2,2-trifluoroethanol

(TFE) and stirring for 40 min. The reaction was then diluted to 40 mL with water and the pH

adjusted to 7.5 by adding 0.5 M sodium phosphate buffer, pH 7.5, dropwise. The product

was isolated by solid phase extraction using a 2 mL Amberchrom CG300M column. After

loading the crude reaction mixture onto the column, the column was rinsed with two column

volumes of water, four column volumes of 15% acetonitrile/water (v/v), and four column

volumes of 20% acetonitrile/water (v/v). The backbone-protected product with free 3'-

morpholine amine was then eluted with three column volumes of 1:1 acetonitrile/water (v/v)

and lyophilized.



Example 17b: Conjugation ofArginine rich peptides to Morpholino oligomer followed

by unmasking of oligomer backbone amines:

An activated peptide solution was prepared by dissolving the peptide-acid (22.6 µmol)

and HBTU (22.3 µmol) in 300 µl NMP and adding DIEA (40.8 µmol). Immediately after

addition of DIEA, the peptide solution was added to a solution of the backbone-protected

Morpholino oligomer with free 3'-morpholino amine in 0.550 mL DMSO. After 180 minutes

at room temperature, 2 mL of concentrated ammonium hydroxide were added to the reaction.

The resulting precipitate was redissolved with the addition of 4 mL TFE and gentle heating

and mixing. The reaction was placed in a 45 C oven for 15 hours. Water was then added,

diluting the reaction to 40 mL. Then the solution was neutralized by adding 2 M phosphoric

acid dropwise with stirring. The product was isolated by solid phase extraction using a 2 mL

Amberchrom CG300M column. After loading the crude reaction mixture onto the column,

the column was rinsed with four column volumes of water. The product was then eluted with

three column volumes of 1:1 acetonitrile/water (v/v) and lyophilized.

The following oligomers exemplify this method:

5'-(EG3) - G+TGC+TCA+TGG+TGCACGG+TC -3'- (Ac(RAhxR)4AhxB-), calculated

[M+H]+ = 8789.3 daltons, found [M+H]+ = 8789.9 daltons, useful for Ebola

5'-(EG3) - C+TTCGA+TAG+TG -3'-(trityl) was prepared using resin with Tail. A

sample (994 OD) was converted by the methods above into:

5'-(EG3) - C(TFApip)TTCGA(TFApip)TAG(TFApip)TG -3 '-(H), calculated [M+H]+

4368.6 daltons. The crude product recovered after SPE, found [M+H]+ = 4371.1 daltons.

This sample was further converted by acylation with Ac(RAhxR)4AhxB to give

5'-(EG3) - C+TTCGA+TAG+TG -3' - (Ac(RAhxR)4AhxB-), calculated [M+H]+ = 6010.0

daltons. The crude product (770 OD) recovered after SPE, found [M+H]+ = 601 1.6 daltons.

This was purified on SCX ion exchange at pH = 6.5 to provide 478 OD product, found

[M+H]+ = 6010.7 daltons, with SCX HPLC purity of 84.7%. .

Example 18: Reductive Methylation of Morpholino Oligomer Amines

A formaldehyde solution was prepared by dissolving 0.52g paraformaldehyde in 17 mL

of 200 mM pH 8.5 sodium borate buffer with heating and stirring. The solution was heated

to a gentle boil, with a reflux condenser attached, for 1 hour. Heating was then ceased, the

reaction mixture cooled to room temperature, and the solution continued to stir for the

duration of the methylation reaction.

I l l



A 1 M solution of sodium borohydride was prepared by cooling 10 mL of 200 mM pH

8.5 sodium borate buffer on an ice bath and then dissolving 0.378 g of sodium borohydride in

it. The solution was kept cold on ice for the duration of the methylation reaction.

33 mg (4.6 µmol) of a 20-mer Morpholino oligomer with five secondary amines

incorporated into the backbone and a free morpholine secondary amine at the 3'-terminus

was weighed into a glass vial. The oligomer was then dissolved in 1 mL of 200 mM pH 8.5

sodium borate buffer and cooled to 0 ° C on an ice bath with stirring. 200 µL of the

formaldehyde solution (-43 eq.) prepared above were added to the stirring Morpholino

oligomer solution. Immediately after the formaldehyde addition, 40 µL of the 1 M sodium

borohydride solution (8.7 eq.) were added. The formaldehyde and sodium borohydride

additions were repeated five times at 30 min. intervals. After the final additions, the reaction

was stirred for 30 min. and then 4 mg of sodium borohydride added. The reaction was then

stirred for another 2 hours. Water was added to dilute the reaction to 5 mL and the pH

adjusted to 6.5 by adding 1 M phosphoric acid dropwise.

The product was isolated by solid phase extraction using a 2 mL Amberchrom CG300M

column. After loading the crude reaction mixture onto the column, the column was rinsed

with four column volumes of water. The product was then eluted with three column volumes

of 1:1 acetonitrile/water (v/v) and lyophilized.

The following oligomers exemplify this method:

5'-(EG3) - CTGGG+ATG+AG+ATCC+ATC+ACT -3'-(H) was prepared using resin

with Tail. A sample (885 OD) was converted by the methods above into:

5'-(EG3) - CTGGG(Mepip)ATG(Mepip)AG(Mepip)ATCC(Mepip)ATC(Mepip)ACT -3'-

(Methyl) calculated [M+H]+ = 7253.5 daltons. The crude product (625 OD) recovered after

SPE, found [M+H]+ = 7250.5 daltons.

Example 19: Cell free in vitro translation assay (General method)

The protein coding sequence for firefly luciferase, without the initiator-Met codon ATG,

was subcloned into the multiple cloning site of plasmid pCiNeo (Promega). Subsequently,

complementary oligonucleotides for Ebola virus (GenBank Accession No. AF086833) VP35

(-98 to +39 bases 3020 to 3157), Ebola virus VP24 (-84 to +43 or bases 10261 to 10390), or

Ebola virus L (-80 to +49 or bases 11501 to 11632) start codon regions were duplexed and

subcloned into Nhe 1 and Sal 1 sites. RNA was generated from the T7 promoter with T7

Mega script (Ambion, Inc., Austin, TX).

For experiments targeting CYP3A2 gene mRNA, oligonucleotides for the rat CYP3A2

gene start codon region were prepared (GenBank Accession No. U09742; -25 to +22 or bases



44 to 90) and cloned into pCiNeo as described above. For experiments targeting the hepatitis

C virus start codon region, oligonucleotides encoding the HCV start codon region were

prepared (GenBank Accession No. AF009606; -20 to +31 or bases 322 to 372) and cloned

into pCiNeo as described above.

The cell free in vitro translation assays were carried out by mixing different

concentrations of PMO with 6 nM RNA. The mixture was then added to a rabbit reticulocyte

translation system (Promega, Inc.), and the amount of luciferase protein produced was

determined by light emission measured in a luminometer. A sigmoidal curve to determine

the EC50 values was generated from the plot of the observed luciferase light emission (n=3

per PMO concentration) versus the PMO concentration, e.g. as shown in Fig. 4 .

Example 20: Splice Correction Translation Assay in Cell Culture (General method)

HeLa cells were stably transfected with plasmid pLuc/705, which has a luciferase gene

interrupted by a human β-globin intron mutated at nucleotide 705, thus causing incorrect

splicing. Because the mis-spliced transcripts do not produce functional reporter proteins, no

reporter signals are observed unless wild-type splicing is induced with a splice-correcting

oligomer. An antisense oligomer targeting the 705 splice site (having SEQ ID NO: 286),

when delivered effectively, corrects splicing and allows luciferase expression.

This assay measures the ability of oligomers to enter cells and nuclei, block incorrect

splicing of pre-mRNA, and thus cause expression of a reporter gene. Because oligomers

must enter cells and cell nuclei to produce a signal in the assay, it is useful for measuring

uptake and effectiveness of delivery moieties as well as antisense activity of the binding

oligomers.

The uptake and activity of various oligomers and transporter-oligomer conjugates, as

described above, in HeLa pLuc/705 cells was studied by fluorescence spectroscopy.

Experiments were generally run in triplicate. According to the general procedure, culture

medium containing the test substance at a specified concentration was added to HeLa

pLuc/705 cells plated in a 48-well plate. After incubation, the cells were washed with PBS

three times, and the cell lysate was collected. The amount of functional luciferase produced

was determined by mixing 30 µl of cell lysate and 50 µl of Luciferase Assay Reagent (LAR)

(Promega, WI) and measuring the light production using a Fix 800 microplate

fluorescence/luminescence reader (Bio-tek, Vermont). The relative light units were

normalized to µg of protein determined by the bicinchoninic acid (BCA) method, following

the manufacturer's procedure (Pierce, IL).



Example 21. Increased antisense of activity using PMO with cationic linkages

Two PMOs were synthesized using cationic linkages for a subset of the oligomer

linkages as shown in Sequence Listing for SEQ ID NOs: 9 (+T+TCAACC+T+TG

AAACC+T+TGCG) and 10 (GCCA+TGG+T+T+T+ T+T+TC+TCAGG). These oligomers

incorporated a cationic linkage (1-piperazino phosphoramidate), as shown in Fig. IB, at the

positions indicated with a "+". These two PMOs target the EBOV VP24 mRNA. A cell free

translation assay was performed using the VP24:luciferase mRNA as the input RNA. PMO

with and without cationic linkages were compared for their ability to inhibit luciferase

expression and the results are shown in Fig. 3. Compared to the uncharged PMO with the

same base sequence, the PMOs with between 6 and 8 cationic linkages demonstrated between

10 and 100-fold increased antisense activity in this assay.

Example 22. Ebola virus infection of oligomer-treated animals

C57B1/6 mice, aged 8-10 weeks of both sexes, were obtained from National Cancer

Institute, Frederick Cancer Research and Development Center (Frederick, MD). Mice were

housed in microisolator cages and provided autoclaved water and chow ad libitum. Mice

were challenged by intraperitoneal injection with ~1000 pfu of mouse-adapted Ebola virus

diluted in phosphate buffered saline (PBS) (Bray, Davis et al. 1998). Mice were treated with

a total of 100 µg of either PMO or +PMO, split between two equivalent doses at 24 and 4

hours prior to Ebola virus challenge. C57B1/6 mice were challenged intraperitoneally with

1000 plaque-forming units of mouse-adapted Ebola virus (Bray, Davis et al. 1998). Results

are described above and diplayed graphically in Fig. 6.

Hartley guinea pigs were treated intraperitoneally with up to 20 mg/kg of each of the

VP24-AUG, L-AUG and VP35 PMO or +PMO (SEQ ID NOs: 1,5 and 11 or 287, 288 and

289, respectively) 24 hours before or 24 or 96 hours after subcutaneous challenge with 1000

pfu of guinea-pig adapted Ebola virus (Connolly, Steele et al. 1999).

The non-human primate model for lethal Ebola virus challenge used female rhesus

macaques of 3-4 kg in weight that were challenged withl,000 pfu of EBOV-Zaire (1995

strain) by intramuscular injection prior to PMO treatment. The monkeys were treated from

days 1 through day 10 via parenteral routes. The dose of the PMO was 20mg/kg for each of

the two PMO in the two drug combination (SEQ ID NOs: 288 and 289).



Sequence Listing Table















CAAATACTCCTTTTGGTTTATTCTTACC
ACCTTGCTTCTGTGTTCCTTGGGAATGC
TGCTGTGCTTATGCATCTGGTCTCTTTT
TGGAGCTACAGTGGACAGGCATTTGTGA
CAGCACTATGGGACTGAGTAACATTCTC
TTTGTGATGGCCTTCCTGCTCTCTGGTG
CTGCTCCTCTGAAGATTCAAGCTTATTT
CAATGAGACTGCAGACCTGCCATGCCAA
TTTGCAAACTCTCAAAACCAAAGCCTGA
GTGAGCTAGTAGTATTTTGGCAGGACCA
GGAAAACTTGGTTCTGAATGAGGTATAC
TTAGGCAAAGAGAAATTTGACAGTGTTC
ATTCCAAGTATATGGGCCGCACAAGTTT
TGATTCGGACAGTTGGACCCTGAGACTT
CACAATCTTCAGATCAAGGACAAGGGCT
TGTATCAATGTATCATCCATCACAAAAA
GCCCACAGGAATGATTCGCATCCACCAG
ATGAATTCTGAACTGTCAGTGCTTGCTA
ACTTCAGTCAACCTGAAATAGTACCAAT
TTCTAATATAACAGAAAATGTGTACATA
AATTTGACCTGCTCATCTATACACGGTT
ACCCAGAACCTAAGAAGATGAGTGTTTT
GCTAAGAACCAAGAATTCAACTATCGAG
TATGATGGTATTATGCAGAAATCTCAAG
ATAATGTCACAGAACTGTACGACGTTTC
CATCAGCTTGTCTGTTTCATTCCCTGAT
GTTACGAGCAATATGACCATCTTCTGTA
TTCTGGAAACTGACAAGACGCGGCTTTT
ATCTTCACCTTTCTCTATAGAGCTTGAG
GACCCTCAGCCTCCCCCAGACCACATTC
CTTGGATTACAGCTGTACTTCCAACAGT
TATTATATGTGTGATGGTTTTCTGTCTA
ATTCTATGGAAATGGAAGAAGAAGAAGC
GGCCTCGCAACTCTTATAAATGTGGAAC
CAACACAATGGAGAGGGAAGAGAGTGAA
CAGACCAAGAAAAGAGAAAAAATCCATA
TACCTGAAAGATCTGATGAAGCCCAGCG
TGTTTTTAAAAGTTCGAAGACATCTTCA
TGCGACAAAAGTGATACATGTTTTTAAT
TAAAGAGTAAAGCCCATACAAGTATTCA
TTTTTTCTACCCTTTCCTTTGTAAGTTC
CTGGGCAACCTTTTTGATTTCTTCCAGA
AGGCAAAAAGACATTACCATGAGTAATA
AGGGGGCTCCAGGACTCCCTCTAAGTGG
AATAGCCTCCCTGTAACTCCAGCTCTGC
TCCGTATGCCAAGAGGAGACTTTAATTC
TCTTACTGCTTCTTTTCACTTCAGAGCA
CACTTATGGGCCAAGCCCAGCTTAATGG
CTCATGACCTGGAAATAAAATTTAGGAC
CAATACCTCCTCCAGATCAGATTCTTCT
CTTAATTTCATAGATTGTGTTTTTTTTT
AAATAGACCTCTCAATTTCTGGAAAACT



GCCTTTTATCTGCCCAGAATTCTAAGCT

GGTGCCCCACTGAATCTTGTGTACCTGT

GACTAAACAACTACCTCCTCAGTCTGGG

TGGGACTTATGTATTTATGACCTTATAG

TGTTAATATCTTGAAACATAGAGATCTA

TGTACTGTAATAGTGTGATTACTATGCT

CTAGAGAAAAGTCTACCCCTGCTAAGGA

GTTCTCATCCCTCTGTCAGGGTCAGTAA

GGAAAACGGTGGCCTAGGGTACAGGCAA

CAATGAGCAGACCAACCTAAATTTGGGG

AAATTAGGAGAGGCAGAGATAGAACCTG

GAGCCACTTCTATCTGGGCTGTTGCTAA

TATTGAGGAGGCTTGCCCCACCCAACAA

GCCATAGTGGAGAGAACTGAATAAACAG

GAAAATGCCAGAGCTTGTGAACCCTGTT

TCTCTTGAAGAACTGACTAGTGAGATGG

CCTGGGGAAGCTGTGAAAGAACCAAAAG

AGATCACAATACTCAAAAGAGAGAGAGA

GAGAAAAAAGAGAGATCTTGATCCACAG

AAATACATGAAATGTCTGGTCTGTCCAC

CCCATCAACAAGTCTTGAAACAAGCAAC

AGATGGATAGTCTGTCCAAATGGACATA

AGACAGACAGCAGTTTCCCTGGTGGTCA

GGGAGGGGTTTTGGTGATACCCAAGTTA

TTGGGATGTCATCTTCCTGGAAGCAGAG

CTGGGGAGGGAGAGCCATCACCTTGATA

ATGGGATGAATGGAAGGAGGCTTAGGAC

TTTCCACTCCTGGCTGAGAGAGGAAGAG

CTGCAACGGAATTAGGAAGACCAAGACA

CAGATCACCCGGGGCTTACTTAGCCTAC

AGATGTCCTACGGGAACGTGGGCTGGCC

CAGCATAGGGCTAGCAAATTTGAGTTGG

ATGATTGTTTTTGCTCAAGGCAACCAGA

GGAAACTTGCATACAGAGACAGATATAC

TGGGAGAAATGACTTTGAAAACCTGGCT

CTAAGGTGGGATCACTAAGGGATGGGGC

AGTCTCTGCCCAAACATAAAGAGAACTC

TGGGGAGCCTGAGCCACAAAAATGTTCC

TTTATTTTATGTAAACCCTCAAGGGTTA

TAGACTGCCATGCTAGACAAGCTTGTCC

ATGTAATATTCCCATGTTTTTACCCTGC

CCCTGCCTTGATTAGACTCCTAGCACCT

GGCTAGTTTCTAACATGTTTTGTGCAGC

ACAGTTTTTAATAAATGCTTGTTACATT

C

CD86 AUG Human CD86 AUG CATTTGTGACAGCACTATGGGACTGAGT

target AACATTCTCTTTGTGATG
216

Exόsa huCD86 Ex6 target AGCTTGAGGACCCTCAGCCTC 217

Ex6sd huCD86 Ex6 target GCCTCGCAACTCTTATAAATGTG 218

Ex7sa huCD86 Ex7 target GAACCAACACAATGGAGAGGGA 219

Ex7sd huCD86 Ex7 target GAGTGAACAGACCAAGAAAAG 220



8071

PBl-AUG FIuA PBl-AUG AGCGAAAGCAGGCAAACCAUUUGAAUGG

target AUGUCAAUCCGACCUUACUUUU
221

NP-v3' FIuA NP-3'term AGTGATTATCTACCCTGCTTTTGCT

target
222

AVI-4164 NP-3'-Term AGCAAAAGCAGGGTAGATAATC 223

AVI-4235 PBl-AUG GACATCCATTCAAATGGTTTG 224

8073

Myostatin Human Myostatin AGATTCACTGGTGTGGCAAGTTGTCTCT 225

mRNA mRNA CAGACTGTACATGCATTAAAATTTTGCT

TGGCATTACTCAAAAGCAAAAGAAAAGT

AAAAGGAAGAAACAAGAACAAGAAAAAA

GATTATATTGATTTTAAAATCATGCAAA

AACTGCAACTCTGTGTTTATATTTACCT

GTTTATGCTGATTGTTGCTGGTCCAGTG

GATCTAAATGAGAACAGTGAGCAAAAAG

AAAATGTGGAAAAAGAGGGGCTGTGTAA

TGCATGTACTTGGAGACAAAACACTAAA

TCTTCAAGAATAGAAGCCATTAAGATAC

AAATCCTCAGTAAACTTCGTCTGGAAAC

AGCTCCTAACATCAGCAAAGATGTTATA

AGACAACTTTTACCCAAAGCTCCTCCAC

TCCGGGAACTGATTGATCAGTATGATGT

CCAGAGGGATGACAGCAGCGATGGCTCT

TTGGAAGATGACGATTATCACGCTACAA

CGGAAACAATCATTACCATGCCTACAGA

GTCTGATTTTCTAATGCAAGTGGATGGA

AAACCCAAATGTTGCTTCTTTAAATTTA

GCTCTAAAATACAATACAATAAAGTAGT

AAAGGCCCAACTATGGATATATTTGAGA

CCCGTCGAGACTCCTACAACAGTGTTTG

TGCAAATCCTGAGACTCATCAAACCTAT

GAAAGACGGTACAAGGTATACTGGAATC

CGATCTCTGAAACTTGACATGAACCCAG

GCACTGGTATTTGGCAGAGCATTGATGT

GAAGACAGTGTTGCAAAATTGGCTCAAA

CAACCTGAATCCAACTTAGGCATTGAAA

TAAAAGCTTTAGATGAGAATGGTCATGA

TCTTGCTGTAACCTTCCCAGGACCAGGA

GAAGATGGGCTGAATCCGTTTTTAGAGG

TCAAGGTAACAGACACACCAAAAAGATC

CAGAAGGGATTTTGGTCTTGACTGTGAT

GAGCACTCAACAGAATCACGATGCTGTC

GTTACCCTCTAACTGTGGATTTTGAAGC

TTTTGGATGGGATTGGATTATCGCTCCT

AAAAGATATAAGGCCAATTACTGCTCTG

GAGAGTGTGAATTTGTATTTTTACAAAA

ATATCCTCATACTCATCTGGTACACCAA

GCAAACCCCAGAGGTTCAGCAGGCCCTT

GCTGTACTCCCACAAAGATGTCTCCAAT

TAATATGCTATATTTTAATGGCAAAGAA



CAAATAATATATGGGAAAATTCCAGCGA
TGGTAGTAGACCGCTGTGGGTGCTCATG
AGATTTATATTAAGCGTTCATAACTTCC
TAAAACATGGAAGGTTTTCCCCTCAACA
ATTTTGAAGCTGTGAAATTAAGTACCAC
AGGCTATAGGCCTAGAGTATGCTACAGT
CACTTAAGCATAAGCTACAGTATGTAAA
CTAAAAGGGGGAATATATGCAATGGTTG
GCATTTAACCATCCAAACAAATCATACA
AGAAAGTTTTATGATTTCCAGAGTTTTT
GAGCTAGAAGGAGATCAAATTACATTTA
TGTTCCTATATATTACAACATCGGCGAG
GAAATGAAAGCGATTCTCCTTGAGTTCT
GATGAATTAAAGGAGTATGCTTTAAAGT
CTATTTCTTTAAAGTTTTGTTTAATATT
TACAGAAAAATCCACATACAGTATTGGT
AAAATGCAGGATTGTTATATACCATCAT
TCGAATCATCCTTAAACACTTGAATTTA
TATTGTATGGTAGTATACTTGGTAAGAT
AAAATTCCACAAAAATAGGGATGGTGCA
GCATATGCAATTTCCATTCCTATTATAA
TTGACACAGTACATTAACAATCCATGCC
AACGGTGCTAATACGATAGGCTGAATGT
CTGAGGCTACCAGGTTTATCACATAAAA
AACATTCAGTAAAATAGTAAGTTTCTCT
TTTCTTCAGGGGCATTTTCCTACACCTC
CAAATGAGGAATGGATTTTCTTTAATGT
AAGAAGAATCATTTTTCTAGAGGTTGGC
TTTCAATTCTGTAGCATACTTGGAGAAA
CTGCATTATCTTAAAAGGCAGTCAAATG
GTGTTTGTTTTTATCAAAATGTCAAAAT
AACATACTTGGAGAAGTATGTAATTTTG
TCTTTGGAAAATTACAACACTGCCTTTG
CAACACTGCAGTTTTTATGGTAAAATAA
TAGAAATGATCGACTCTATCAATATTGT
ATAAAAAGACTGAAACAATGCATTTATA
TAATATGTATACAATATTGTTTTGTAAA
TAAGTGTCTCCTTTTTTATTTACTTTGG
TATATTTTTACACTAAGGACATTTCAAA
TTAAGTACTAAGGCACAAAGACATGTCA
TGCATCACAGAAAAGCAACTACTTATAT
TTCAGAGCAAATTAGCAGATTAAATAGT
GGTCTTAAAACTCCATATGTTAATGATT
AGATGGTTATATTACAATCATTTTATAT
TTTTTTACATGATTAACATTCACTTATG
GATTCATGATGGCTGTATAAAGTGAATT
TGAAATTTCAATGGTTTACTGTCATTGT
GTTTAAATCTCAACGTTCCATTATTTTA
ATACTTGCAAAAACATTACTAAGTATAC
CAAAATAATTGACTCTATTATCTGAAAT
GAAGAATAAACTGATGCTATCTCAACAA
TAACTGTTACTTTTATTTTATAATTTGA











CLAIMS

1. An oligomer comprising a sequence of morpholino subunits, each supporting a base-

pairing moiety, such that said oligomer can bind in a sequence-specific manner to a target

nucleic acid,

wherein said subunits are joined by phosphorus-containing intersubunit linkages having

the structure:

where

W is S or O,

X = NR 1R2 or OR6,

Y = O orNR 7,

and each said linkage is selected from:

(a) uncharged linkage (a), where each of R1, R2, R6 and R7 is independently selected

from hydrogen and lower alkyl;

(bl) cationic linkage (bl), where X = NR 1R2 and Y = O, and NR 1R2 represents an

optionally substituted piperazino group, such that R1R2 = -CHRCHRN(R 3)(R4)CHRCHR- ,

where

each R is independently H or CH3,

R4 is H, CH3 or an electron pair, and

R3 is selected from H, lower alkyl, C(=NH)NH2, Z-L-NHC(=NH)NH
2

and

[C(O)CHR'NH] mH, where Z is carbonyl (C(O)) or a direct bond, L is an optional linker

up to 18 atoms in length having bonds selected from alkyl, alkoxy, and alkylamino, R ' is

a side chain of a naturally occurring amino acid or a one- or two-carbon homolog

thereof, and m is 1 to 6;

(b2) cationic linkage (b2), where X = NR 1R2 and Y = O, R1= H or CH3, and R2 =

LNR3R4R5, where L, R3, and R4 are as defined above, and R5 is H, lower alkyl, or lower

(alkoxy)alkyl; and



(b3) cationic linkage (b3), where Y = NR7 and X = OR6, and R7 LNR3R4R5, where L,

R3, R4 and R5 are as defined above, and R6 is H or lower alkyl;

and at least one said linkage is selected from cationic linkages (bl), (b2), and (b3).

2 . The oligomer of claim 1, wherein said morpholino subunits have the structure:

(i)

where Pi is a base-pairing moiety, and said linkages connect the nitrogen atom of (i) to the 5'

carbon of an adjacent subunit.

3 . The oligomer of claim 1, wherein all of the cationic linkages in the oligomer are of the

same type.

4 . The oligomer of claim 3, wherein all of the cationic linkages in the oligomer are of type

(bl).

5. The oligomer of claim 3, wherein all of the cationic linkages in the oligomer are of type

(b2).

6 . The oligomer of claim 4, wherein all of the cationic linkages in the oligomer are of type

(b3).

7. The oligomer of claim 1, wherein 5% to 50% of the linkages in the oligomer are cationic

linkages.

8. The oligomer of claim 7, wherein 10% to 35% of the linkages in the oligomer are

cationic linkages.

9 . The oligomer of claim 1, wherein each of R1 and R2, in linkages of type (a), is methyl.



10. The oligomer of claim 1, wherein said oligomer includes at least two consecutive

linkages of type (a).

11. The oligomer of claim 1, having a length of about 10 to 40 subunits.

12. The oligomer of claim 1, having a length of about 15 to 25 subunits.

13. The oligomer of claim 1, wherein said cationic linkages are of type (bl), where each R is

H, R4 is H, CH3, or an electron pair, and R3 is selected from H, CH3, C(=NH)NH2, and

C(O)-L-NHC(=NH)NH 2

14. The oligomer of claim 13, wherein said cationic linkages are of type (bl), where each R

is H, R4 is an electron pair, and R3 is selected from C(=NH)NH2 and C(O)-L-NHC(=NH)NH 2

15. The oligomer of claim 14, wherein R3 is C(O)-L-NHC(=NH)NH2, and L is a

hydrocarbon.

16. The oligomer of claim 15, wherein L has the structure -(CH2)n-, where n is 1 to 12.

17. The oligomer of claim 16, wherein n is 1 to 6.

18. The oligomer of claim 1, wherein said cationic linkages are of type (bl), where each R is

H, and each of R3 and R4 is independently H or CH3

19. The oligomer of claim 18, wherein each of R3 and R4 is H.

20. The oligomer of claim 1, wherein said cationic linkages are of type (b2), where L is a

linker up to 12 atoms in length having bonds selected from alkyl and alkylamino.

21. The oligomer of claim 1, wherein said oligomer contains no linkages of type (bl) in

which each of R, R3 and R4 is H.

22. The oligomer of claim 1, further comprising, conjugated to a terminus of the oligomer, a

peptide transport moiety, comprising 6 to 16 amino acids and composed of subsequences



selected from the group consisting of (X'Y'X'),(X'Y'),(X'Z'), and (X Z Z'),

where

(a) each X' subunit independently represents arginine or an arginine analog, said analog

being a cationic α-amino acid comprising a side chain of the structure R1N=C(NH2)R
2, where

R1 is H or R; R2 is R, NH2, NHR, or NR2, where R is lower alkyl or lower alkenyl and may

further include oxygen or nitrogen; R1 and R2 may together form a ring; and the side chain is

linked to said amino acid via R1 or R2;

(b) each Y' subunit independently represents a neutral linear amino acid

-C(O)-(CHR)n-NH-, where n is 1 to 7 and each R is independently H or methyl; and

(c) each Z' subunit independently represents an α-amino acid having a neutral aralkyl

side chain.

23. The oligomer of claim 22, wherein the peptide comprises a sequence consisting of at

least two repeats of a single subsequence selected from (X Y X X(X Y X(X Z'), and

(X Z Z ) .

24. The oligomer of claim 23, wherein the peptide comprises a sequence consisting of at

least three repeats of a single subsequence selected from (X Y X ) , (X Y ),(X Z'), and

(X Z Z ) .

25. The oligomer of claim 23, wherein the peptide comprises a sequence represented by one

of (X'Y'X') p,(X'Y') m,and (X'Z Z') P, where p is 2 to 5 and m is 2 to 8.

26. The oligomer of claim 22, wherein for each X , the side chain moiety is guanidyl.

27. The oligomer of claim 22, wherein each Y is -CO-(CH2)n-NH-, where n is 1 to 7.

28. The oligomer of claim 27, wherein n is selected from 2 and 5, such that Y is selected

from a β-alanine subunit and a 6-aminohexanoic acid subunit.

29. The oligomer of claim 22, where each Z is phenylalanine.



30. The oligomer of claim 22, wherein the conjugated peptide is linked to a terminus of the

oligomer via a linker Ahx-B, where Ahx is a 6-aminohexanoic acid subunit and B is a β-

alanine subunit.

31. A method of enhancing the antisense activity of an oligomeric nucleic acid analog

having a sequence of morpholino subunits, each supporting a base-pairing moiety, wherein

said subunits are connected by intersubunit linkages, the method comprising

modifying at least one intersubunit linkage to contain a pendant cationic group, wherein

said pendant cationic group includes a nitrogen atom that can bear a positive charge at

physiological pH.

32. The method of claim 31, wherein said intersubunit linkages are phosphorus-containing

intersubunit linkages, and said modifying comprises providing at least one intersubunit

linkage having the structure:

where

(a) W is S or O, and

(bl) X = NR 1R2 and Y = O, and NR 1R2 represents an optionally substituted

piperazino group, such that R1R2 = -CHRCHRN(R3)(R4)CHRCHR- , where: each R is

independently H or CH3; R4 is H, CH3 or an electron pair; and R3 is selected from H, lower

alkyl, C(=NH)NH2, Z-L-NHC(=NH)NH
2

and [C(O)CHR'NH] mH, where Z is carbonyl

(C(O)) or a direct bond, L is an optional linker up to 18 atoms in length having bonds

selected from alkyl, alkoxy, and alkylamino, R' is a side chain of a naturally occurring amino

acid or a one- or two-carbon homolog thereof, and m is 1 to 6; or

(b2) X = NR 1R2 and Y = O, R1= H or CH3 and R2 = LNR3R4R5, where L, R3, and R4 are

as defined above, and R5 is H, lower alkyl, or lower (alkoxy)alkyl; or

(b3) Y = NR7 and X = OR6, and R7 = LNR3R4R5, where L, R3, and R4 are as defined

above, and R6 is H or lower alkyl.



33. The method of claim 32, wherein said morpholino subunits have the structure:

(i)

where Pi is a base-pairing moiety, and said linkages connect the nitrogen atom of (i) to the 5'

carbon of an adjacent subunit.

34. The method of claim 33, wherein all of the cationic linkages in the oligomer are of the

same type.

35. The method of claim 31, wherein 5% to 50% of the intersubunit linkages are so

modified.

36. The method of claim 34, wherein said modified linkages are of type (bl).

37. The method of claim 34, wherein said modified linkages are of type (b2).

38. The method of claim 34, wherein said modified linkages are of type (b3).

39. The method of claim 36, wherein said modified linkages are of type (bl), where each R

is H, R4 is an electron pair, and R3 is C(O)-L-NHC(=NΗ)NH2.

40. The method of claim 36, wherein said modified linkages are of type (bl), where each of

R, R3 and R4 is H.

4 1. The method of claim 37, wherein said cationic linkages are of type (b2), where L is a

linker up to 12 atoms in length having bonds selected from alkyl and alkylamino.

42. The method of claim 31, wherein said oligomer contains no linkages of type (bl) in

which each of R, R3 and R4 is H.
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