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A method and composition for inducing human dendritic 
cells to a condition of reduced capacity for antigen-speci?c 
activation of T cells, and, in mature dendritic cells, increased 
production of extracellular IL-10 is disclosed. A population 
of dendritic cells is exposed to a substantially uncharged 
antisense compound containing 12-40 subunits and a base 
sequence effective to hybridize to an expression-sensitive 
region of a preprocessed or processed human CD86 tran 

script identi?ed, in its processed form, by SEQ ID NO:33, 
to form a duplex structure betWeen said compound and 
transcript having a Tm of at least 45° C. Formation of the 
duplex blocks expression of full-length CD86 in said cells, 
Which in turn leads to reduced capacity for antigen-speci?c 
activation of T cells, and, in mature dendritic cells, increased 
production of extracellular IL-10. 
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ANTISENSE OLIGOMERS AND METHODS FOR 
INDUCING IMMUNE TOLERANCE AND 

IMMUNOSUPPRESSION 

[0001] This application claims priority to US. Provisional 
Application No. 60,538,655, ?led Jan. 23, 2004, Which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to compounds and 
methods of inducing immunological tolerance using a pep 
tide-antisense conjugate to selectively limit costimulation of 
naive T-cells by mature dendritic cells and formation of a 
cytokine microenvironment that augments toleriZed T-cells. 
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BACKGROUND OF THE INVENTION 

[0032] Transplantation of allogeneic donor cells, tissues or 
organs (transplantation betWeen genetically different indi 
viduals of the same species) is used to treat a variety of 
conditions (typically tissue, or organ-failure conditions) and 
is often the sole or highly preferred therapeutic option. The 
list of successfully transplanted cells, tissues and organs 
includes kidney, heart, lung, liver, corneas, pancreas, mar 
roW, skin, and bones. HoWever, allogeneic transplantation 
involves signi?cant risks and draWbacks, including graft 
rejection, complications from immunosuppressive therapy 
and graft-versus host disease Which are frequently highly 
debilitating or lethal. 

[0033] Rejection of allografts is presently understood to be 
initiated by the recognition of allogeneic (i.e. donor) major 
histocompatibility complex (MHC) molecules by recipient 
T-lymphocytes, leading to upregulated cellular and humoral 
immunity through activation of T cells. The MHC antigens 
are typically presented to the recipient T-lymphocytes by 
antigen presenting cells, such as macrophages and dendritic 
cells. Although immunosuppressive drugs such as cyclospo 
rine may be used in an attempt to modulate rejection, these 
immunosuppressive agents have severe side effects and 
often fail to prevent continued rejection episodes. 

[0034] Dendritric cells (DCs) are a family of professional 
antigen presenting cells (APCs) that are present in virtually 
all tissues of the body. The ability of dendritic cells to 
capture foreign antigens, migrate to lymphoid tissues and 
redistribute antigen-MHC to the cell surface along With 
appropriate costimulatory signals are Well knoWn T-cell 
priming functions for these APCs. In addition to these 
immunostimulatory properties, dendritic cells are also 
knoWn to play a role in doWn-regulating immune responses. 
Certain subpopulations of dendritic cells, acting as profes 
sional APCs, also maintain and regulate T-cell tolerance in 
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the periphery. There is thus a need for therapeutic methods 
and compositions capable of inducing immunological toler 
ance With lower toxicity and improved ef?cacy. 

SUMMARY OF THE INVENTION 

[0035] The invention includes, in one aspect, a method of 
inducing human dendritic cells to a condition of reduced 
capacity for antigen-speci?c activation of T cells, and, in 
mature dendritic cells, increased production of extracellular 
IL-10. The method includes exposing a population of human 
dendritic cells to a substantially uncharged antisense com 
pound containing 12-40 subunits and a base sequence effec 
tive to hybridiZe to an expression-sensitive region of a 
preprocessed or processed human CD-86 transcript identi 
?ed, in its processed form, by SEQ ID NO:33, to form, 
betWeen the compound and transcript, a heteroduplex struc 
ture having a Tm of at least 45° C. 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-10 by 
mature dendritic cells. 

[0036] In a preferred embodiment, the antisense com 
pound to Which the dendritic cells are exposed is composed 
of phosphorus-containing intersubunit linkages joining a 
morpholino nitrogen of one subunit to a 5‘ exocyclic carbon 
of an adjacent subunit. In an exemplary compound, the 
morpholino subunits in the compound are joined by phos 
phorodiamidate linkages, in accordance With the structure: 

[0037] Where Y1=O, Z=O, Pj is a purine or pyrimidine 
base-pairing moiety effective to bind, by base-speci?c 
hydrogen bonding, to a base in a polynucleotide, and X is 
alkyl, alkoxy, thioalkoxy, amino or alkyl amino, and the 
heteroduplex structure formed has a Tm of at least 50° C. 
For example, X=NR2, Where each R is independently hydro 
gen or methyl in the compound to Which the dendritic cells 
are exposed. 

[0038] The compound may be covalently linked, at one 
compound end, to an arginine-rich peptide effective to 
enhance uptake of the compound into the dendritic cells. 
Exemplary arginine-rich peptides are those having the 
sequences SEQ ID NOS: 1 or 2. Where the dendritic cells 
include a mixture of immature and mature dendritic cells, 
the arginine-rich peptide may be an rTAT peptide having the 
sequence identi?ed by SEQ ID NO: 1. This peptide is 
effective to achieve a greater level of intracellular uptake of 
the antisense compound into the mature dendritic cells than 
is achieved in the immature dendritic cells, or (ii) by 
exposing the mature dendritic cells to the antisense com 
pound in the absence of the rTAT polypeptide. 
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[0039] More generally, the rTAT peptide may be coupled 
to any antisense or other therapeutic compound to achieve 
selective uptake of the compound into mature dendritic 
cells, relative to uptake in immature cells. 

[0040] Where the antisense compound is effective to 
hybridiZe to an expression-sensitive target region adjacent 
the start site of the processed human CD86 transcript, the 
compound may have a base sequence that is complementary 
to a target region containing at least 12 contiguous bases in 
a processed human CD86 transcript identi?ed by SEQ ID 
NO:9, Where the compound is effective to block translation 
of the processed transcript. The antisense compound may 
have, for example, one of the base sequence identi?ed by 
SEQ ID NOS:21-23 and 32. 

[0041] Where the antisense compound 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 prepro 
cessed human CD86 transcript, Where the compound is 
effective to block processing of a preprocessed CD86 tran 
script to produce a full-length, processed CD 86 transcript. 
The splice site in the preprocessed CD86 transcript may 
have one of the sequences identi?ed by SEQ ID NOS:10-14. 
The antisense compound may have, for example, one of the 
base sequences identi?ed by SEQ ID NOS:24-28. 

[0042] For use in inhibiting transplantation rejection in a 
human subject receiving an allograft tissue or organ, the 
compound 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. 

[0043] For use in treating an autoimmune condition in a 
human subject, the compound 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. 

[0044] In another aspect, the invention provides a com 
position for use in inducing dendritic cells to a condition of 
reduced capacity for antigen-speci?c activation of T cells, 
and, in mature dendritic cells, increased production of 
extracellular IL-10. The compound comprises a substan 
tially uncharged antisense compound containing 12-40 sub 
units and a base sequence effective to hybridiZe to an 
expression-sensitive region of a preprocessed or processed 
human CD-86 transcript identi?ed, in its processed form, by 
SEQ ID NO:33, to form a heteroduplex structure betWeen 
said compound and transcript having a Tm of at least 45° C. 
Exemplary features of the compound are as described above. 

[0045] These and other objects and features of the inven 
tion Will become more fully apparent When the folloWing 
detailed description of the invention is read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0046] FIG. 1A-D shoW several preferred morpholino 
type subunits having 5-atom (A), six-atom (B) and seven 
atom (C-D) linking groups suitable for forming polymers. 
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[0047] FIGS. 2A-D show the repeating subunit segment of 
exemplary morpholino oligonucleotides, designated A 
through D, constructed using subunits A-D, respectively, of 
FIG. 1. 

[0048] FIGS. 3A-3G shoW examples of uncharged link 
age types in oligonucleotide analogs. 

[0049] FIG. 4 shoWs the chemical structures of a phos 
phorodiamidate morpholino oligomer conjugates and the 
sequences of peptide conjugates used in this invention. 
Fluorescein can be linked to the 3‘ end of the peptide-PMO 
conjugate to alloW imaging and/or detection of PMO uptake 
in intact cells. 

[0050] FIG. 5 shoWs a ?uorescence activated cell sorting 
(FACS) analysis of the uptake of ?uorescein-labeled pep 
tide-PMO conjugates into dendritic cells subjected to 
lipopolysaccharide (LPS) activation. 

[0051] FIG. 6 shoWs antisense PMO to CD86 inhibits 
expression of both CD86 and CD80 in dendritic cells. 

[0052] FIG. 7 demonstrates that blocking CD86 interac 
tions does not lead to IL-10 induction in dendritic cells. 

[0053] FIGS. 8A and 8B shoWs that antisense PMO 
targeting of splice donor or acceptor sites alters CD86 
mRNA. 

[0054] FIG. 9 demonstrates that antisense PMO targeted 
to the CD86 start codon or Exon 10 of the CD86 gene alters 
the morphology of the lipopolysaccharide-treated dendritic 
cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] I. De?nitions 

[0056] The terms beloW, as used herein, have the folloW 
ing meanings, unless indicated otherWise. 

[0057] The terms “CD80” and “CD86” refer to the 
costimulatory protein molecules that are expressed on the 
surface of mature, antigen presenting dendritic cells. T cell 
activation is dependent upon signals delivered through the 
antigen-speci?c T cell receptor and accessory costimulatory 
receptors on the T cell. The CD28 costimulatory receptor is 
constitutively expressed on T cells. Engagement of CD28 on 
naive T cells by either CD80 or CD86 ligands on antigen 
presenting cells (e.g. mature dendritic cells) provides a 
potent costimulatory signal to T cells activated through their 
T cell receptor. The CD80 and CD86 costimulatory mol 
ecules are also knoWn as B7-1 and B7-2, respectively. The 
term “B7 molecules” refer collectively to the CD80 and 
CD86 molecules. 

[0058] The term “antigen-activated T cells” refers to T 
cells that become activated after the T cell receptor (TCR) 
complex and a co-stimulatory receptor (e.g. CD28 on naive 
CD4 and CD8 T cells) are engaged to the extent that a signal 
transduction cascade is initiated. Antigen is bound by the 
TCR in the form of a foreign peptide in the context of a self 
MHC molecule, either ClassI or Class II, in the case of CD4 
and CD8 T cells respectively, conferring the antigen speci 
?city of the T cell. Upon activation, T cells Will proliferate 
and then secrete cytokines or carry out cytolysis on cells 
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expressing the foreign peptide With self MHC. Cytokines are 
groWth factors for other T cells or signals for B cells to 
produce antibody. 

[0059] The term “antigen-activated B cells” refer to either 
of tWo different types of B cell activation, T cell dependent 
and T cell independent. T cell independent antigens contain 
repetitive identical epitopes and are capable of clustering 
membrane bound antibody on the surface of the B cell Which 
can result in delivering activation signals. T cell dependent 
activation is in response to protein antigens Where the B cell 
acts as a professional antigen presenting cell. Surface anti 
body bound to antigen is internaliZed by the B cell, the 
antigen processed and presented as peptides on the B cell 
surface bound to MHC II molecules. Responding T cells 
recogniZe the peptide as foreign in the context of self MHC 
and respond by secreting cytokines and expression of 
CD40L. Together these provide a co-stimulatory signal to 
the B cell. In either case of B cell activation the cell Will 
proliferate and differentiate into plasma B cells capable of 
secreting antibodies against the antigen. 

[0060] The terms “activated dendritic cells” and “mature 
dendritic cells” (DCs) refer to professional antigen-present 
ing cells (APCs) capable of expressing both MHC class I 
and II and co-stimulatory molecules including CD80 (B7-1) 
and CD86 (B7-2). TWo different DC phenotypes are exhib 
ited depending on maturation state and location in the body. 
Immature DCs reside in all tissues and organs as active 
phagocytic cells. Mature DCs traffic to secondary lymphoid 
organs (e.g. lymph node and spleen) and present peptides 
derived from processed protein antigens to T cells in the 
context of MHC molecules. Mature DCs also provide the 
necessary co-stimulatory signals to T cells by expressing the 
appropriate surface ligand (e.g. CD80 and CD86 on DCs 
bind to CD28 on T cells). 

[0061] The terms “antisense oligonucleotides, antisense 
oligomer,” and “antisense compound” are used interchange 
ably and refer to a compound having a sequence of nucle 
otide bases and a subunit-to-subunit backbone that alloWs 
the antisense oligomer to hybridiZe to a target sequence in an 
RNA by Watson-Crick base pairing, to form an RNA:oli 
gomer heterduplex Within the target sequence. The antisense 
oligonucleotide includes a sequence of purine and pyrimi 
dine heterocyclic bases, supported by a backbone, Which are 
effective to hydrogen-bond to corresponding, contiguous 
bases in a target nucleic acid sequence. The backbone is 
composed of subunit backbone moieties supporting the 
purine and pyrimidine heterocyclic bases at positions that 
alloW such hydrogen bonding. These backbone moieties are 
cyclic moieties of 5 to 7 atoms in length, linked together by 
phosphorous-containing linkages one to three atoms long. 

[0062] A “morpholino” oligonucleotide refers to a poly 
meric 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 speci?cally a ribose backbone linked by phos 
phodiester bonds Which is typical of nucleotides and nucleo 
sides, but instead contains a ring nitrogen With coupling 
through the ring nitrogen. A preferred “morpholino” oligo 
nucleotide is composed of morpholino subunit structures of 
the form shoWn in FIG. lA-lD, Where the structures are 
linked together by phosphorous-containing linkages, one to 
three atoms long, joining the morpholino nitrogen of one 
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subunit to the 5 ‘ exocyclic carbon of an adjacent subunit, and 
(ii) Pi and Pj are purine or pyrimidine base-pairing moieties 
effective to bind, by base-speci?c hydrogen bonding, to a 
base in a polynucleotide. Exemplary structures for antisense 
oligonucleotides for use in the invention include the mor 
pholino subunit types shoWn in FIGS. lA-lD, With the 
uncharged, phosphorous-containing linkages shoWn in 
FIGS. 2A-2D, and more generally, the uncharged linkages 
3A-3G. 

[0063] As used herein, an oligonucleotide or antisense 
oligomer “speci?cally hybridiZes” to a target polynucleotide 
if the oligomer hybridiZes to the target under physiological 
conditions, With a thermal melting point (Tm) substantially 
greater than 37° C., preferably at least 45° C., and typically 
50° C.-80° C. or higher. Such hybridiZation preferably 
corresponds to stringent hybridiZation conditions, selected 
to be about 10° C., and preferably about 50° C. loWer than 
the Tm for the speci?c sequence at a de?ned ionic strength 
and pH. At a given ionic strength and pH, the Tm is the 
temperature at Which 50% of a target sequence hybridiZes to 
a complementary polynucleotide. 

[0064] Polynucleotides are described as “complementary” 
to one another When hybridiZation occurs in an antiparallel 
con?guration betWeen tWo single-stranded polynucleotides. 
A double-stranded polynucleotide can be “complementary” 
to another polynucleotide, if hybridiZation can occur 
betWeen one of the strands of the ?rst polynucleotide and the 
second. Complementarity (the degree that one polynucle 
otide is complementary With another) is quanti?able 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. An antisense com 
pound may be complementary to a target region of a target 
transcript even if the tWo bases sequences are not 100% 
complementary, as long as the heteroduplex structure 
formed betWeen the compound and transcript has the desired 
Tm stability. 

[0065] As used herein the term “analog” With reference to 
an oligomer means a substance possessing both structural 
and chemical properties similar to those of the reference 
oligomer. 

[0066] As used herein, a ?rst sequence is an “antisense 
sequence” or “targeting sequence” With respect to a second 
sequence or “target sequence” if a polynucleotide Whose 
sequence is the ?rst sequence speci?cally binds to, or 
speci?cally hybridiZes With, the second polynucleotide 
sequence under physiological conditions. 

[0067] As used herein, “effective amount” relative to an 
antisense oligomer refers to the amount of antisense oligo 
mer administered to a subject, either as a single dose or as 

part of a series of doses, that is effective to inhibit expression 
of a selected target nucleic acid sequence. 

[0068] As used herein, an “expression-sensitive region” of 
a processed or preprocessed mRNA transcript refers to either 
(i) a region including or adjacent the AUG start site of a 
processed transcript, Where formation of an antisense-tran 
script heteroduplex is effective to inhibit translation of the 
transcript or (ii) a region including or adjacent a donor or 
acceptor splice site junction in a preprocessed transcript, 
Where formation of an antisense-transcript heteroduplex is 
effective to inhibit formation of a full-length processed 
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transcript, either because one or more exons that Would 
normally be included in the transcript have been deleted or 
because the transcript has been truncated at the target splice 
site. 

[0069] “Dendritic cells” are specialiZed antigen presenting 
cells (APCS) With potent capacity to initiate and direct the 
antigen-speci?c responses of naive T cells. This heteroge 
neous population of cells reside in blood and all tissues as 
tWo phenotypically and functionally distinct forms. “Imma 
ture DCs” are highly phagocytic, pro?cient for antigen 
processing and characteriZed by loW-level expression of 
major histocompatibility complex (MHC) class II and T cell 
costimulatory ligands of the B7 family, CD80 and CD86. 
Maturation can be triggered by various stimuli derived from 
either host or pathogen. In response to such stimuli, “mature 
DCs” cease phagocytic activity and signi?cantly increase 
surface expression of MHC II, CD80 and CD86. Conse 
quently mature DCs are capable of providing suf?cient 
ligand to trigger T cell activation through the T cell and 
costimulatory receptors. 

[0070] Abbreviations: 

[0071] 
mer 

[0072] 

[0073] 

[0074] 

[0075] 

[0076] 
[0077] II. The Role of Antigen Presenting Cells in Trans 
plantation and Autoimmune Disorders 

PMO=phosphorodiamidate morpholino oligo 

AICD=activation induced cell death 

MHC=major histocompatibility 

TCR=T cell receptor 

DC=dendritic cell 

APC=antigen presenting cell 

[0078] There is evidence from the tWo signal model for T 
cell activation that costimulation by the engagement of 
dendritic-cell CD86 molecules With CD28 on T cells is 
necessary for the complete induction of T cell responses. 
The process of antigen presentation Whereby MHC plus 
peptide antigen are presented by the dendritic cell to the T 
cell receptor (TCR) is termed “signal 1”. In circumstances 
Where there is either insuf?cient or an absence of costimu 
lation (termed “signal 2”) during the process of antigen 
presentation, antigen speci?c tolerance can occur. 

[0079] Tolerance produced by a loss in signal 2 can be a 
result of clonal deletion (T cell death in the population of 
cells recogniZing signal 1), anergy (non-responsiveness in 
the antigen-speci?c population on subsequent encounters) or 
through the generation of a regulatory population of antigen 
speci?c T cells. Regulatory T cells can be induced through 
the presentation of antigen by immature dendritic cells 
Which express reduced levels of CD86 compared to mature 
dendritic cells. Regulatory T cells provide a form of func 
tional tolerance Whereby they produce inhibitory cytokines 
(IL-4, IL-10, and TGF-beta) When encountering antigen and 
thus inhibit the organism from responding to the antigen 
(i.e., immuno-suppression). It has been shoWn that the 
process of generating T regulatory cells can be further 
facilitated by providing a third signal (“signal 3”) that is the 
type of cytokines produced by the antigen presenting cell 
While providing signal 1 and 2. 
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[0080] IL-10, previously termed “cytokine synthesis 
inhibiting factor” due to its ability to inhibit cytokine 
production of most immune cell types, can provide a signal 
3 to T cells. During the early stages of T cell activation, upon 
responding to antigen, the cytokines produced by the den 
dritic cell presenting antigen Will promote the resulting 
phenotype of the responding T cell. IL-12 and IL-4 produced 
by dendritic cells promote T cell responses of the Th1 and 
Th2 phenotypes, respectively. The T cell types in turn direct 
the production of cytotoxic T cells or antibodies, respec 
tively, Which are effector cells and molecules capable of 
rejecting transplants or producing autoimmune disease. Th3 
T cells exhibit a regulatory phenotype that directly inhibits 
the development of any future T cell responses from becom 
ing either a Th1 or Th2 cell capable of responding to the 
antigen recogniZed by the Th3 cell or the neWly responding 
T cells. Dendritic cells producing IL-10 can thus induce a 
tolergenic response by diverting the development of T cell 
responses from Th1 and Th2 to a Th3 T cell type. 

[0081] The present invention provides a means to pre 
cisely and speci?cally alter the manner in Which dendritic 
cells elicit antigen-speci?c immune responses from T cells. 
In particular a diminution in the level of CD86 protein is 
achieved by antisense inhibition targeted to dendritic cells. 
Experiments conducted in support of the invention demon 
strated that maturing DCs produce increased amounts of 
IL-10 as a result of diminished CD86 expression. Moreover, 
it Was determined that the cytoplasmic region encoded by 
exon 10 is functionally linked to the regulation of this 
cytokine. 
[0082] III. Antisense Compound for Targeting Activated 
Immune Cells 

[0083] A. Antisense Compound 

[0084] Antisense oligomers for use in practicing the 
invention preferably have the properties: (1) a backbone that 
is substantially uncharged, (2) the ability to hybridiZe With 
the complementary sequence of a target RNA With high 
af?nity, that is a Tm substantially greater than 37° C., 
preferably at least 45° C., and typically greater than 50° C., 
e.g., 60° C.-80° C. or higher, (3) a subunit length of at least 
8 bases, generally about 8-40 bases, preferably 12-25 bases, 
and (4) nuclease resistance. In addition, the antisense com 
pound may have the capability for active or facilitated 
transport as evidenced by competitive binding With a 
phosphorothioate antisense oligomer, and/or (ii) the ability 
to transport a detectable reporter into target cells. 

[0085] Candidate antisense oligomers may be evaluated, 
according to Well knoWn methods, for acute and chronic 
cellular toxicity, such as the effect on protein and DNA 
synthesis as measured via incorporation of 3H-leucine and 
3H-thymidine, respectively. In addition, various control 
oligonucleotides, e.g., control oligonucleotides such as 
sense, nonsense or scrambled antisense sequences, or 

sequences containing mismatched bases, in order to con?rm 
the speci?city of binding of candidate antisense oligomers. 
The outcome of such tests is important in discerning speci?c 
effects of antisense inhibition of gene expression from 
indiscriminate suppression. Accordingly, sequences may be 
modi?ed as needed to limit non-speci?c binding of antisense 
oligomers to non-target nucleic acid sequences. 

[0086] Heteroduplex formation. The effectiveness of a 
given antisense oligomer molecule in forming a heterodu 
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plex With the target mRNA may be determined by screening 
methods knoWn in the art. For example, the oligomer is 
incubated in a cell culture containing an mRNA preferen 
tially expressed in activated lymphocytes, and the effect on 
the target mRNA is evaluated by monitoring the presence or 
absence of (1) heteroduplex formation With the target 
sequence and non-target sequences using procedures knoWn 
to those of skill in the art, (2) the amount of the target mRNA 
expressed by activated lymphocytes, as determined by stan 
dard techniques such as RT-PCR or Northern blot, (3) the 
amount of protein transcribed from the target mRNA, as 
determined by standard techniques such as ELISA or West 
ern blotting. (See, for example, (Pari, Field et al. 1995; 
Anderson, Fox et al. 1996). For the purposes of the inven 
tion, a preferred test for the effectiveness of the CD86 
antisense oligomer is by measuring the induction of IL-10 
expression and loss of CD86 expression in mature dendritic 
cells treated With a CD86 PMO antisense compound. 

[0087] Uptake into cells. A second test measures cell 
transport, by examining the ability of the test compound to 
transport a labeled reporter, e.g., a ?uorescence reporter, into 
cells. The cells are incubated in the presence of labeled test 
compound, added at a ?nal concentration betWeen about 
10-300 nM. After incubation for 30-120 minutes, the cells 
are examined, e.g., by microscopy or FACS analysis, for 
intracellular label. The presence of signi?cant intracellular 
label is evidence that the test compound is transported by 
facilitated or active transport. 

[0088] In one embodiment of the invention, uptake into 
cells is enhanced by administering the antisense compound 
in combination With an arginine-rich peptide linked to the 5‘ 
or 3‘ end of the antisense oligomer. The peptide is typically 
8-16 amino acids and consists of a mixture of arginine, and 
other amino acids including phenylalanine and cysteine, as 
discussed further beloW. 

[0089] RNAse resistance. TWo general mechanisms have 
been proposed to account for inhibition of expression by 
antisense oligonucleotides (AgraWal, Mayrand et al. 1990; 
Bonham, BroWn et al. 1995; Boudvillain, Guerin et al. 
1997). In the ?rst, a heteroduplex formed betWeen the 
oligonucleotide and the viral RNA acts as a substrate for 
RNaseH, leading to cleavage of the RNA. Oligonucleotides 
belonging, or proposed to belong, to this class include 
phosphorothioates, phosphotriesters, and phosphodiesters 
(unmodi?ed “natural” oligonucleotides). Such compounds 
expose the RNA in an oligomer:RNA duplex structure to 
hydrolysis by RNaseH, and therefore loss of function. 

[0090] A second class of oligonucleotide analogs, termed 
“steric blockers” or, alternatively, “RNaseH inactive” or 
“RNaseH resistant”, have not been observed to act as a 
substrate for RNaseH, and act by sterically blocking target 
RNA nucleocytoplasmic transport, splicing, translation, or 
replication. This class includes methylphosphonates 
(Toulme, TineveZ et al. 1996), morpholino oligonucleotides, 
peptide nucleic acids (PNA’s), certain 2‘-O-allyl or 2-0 
alkyl modi?ed oligonucleotides (Bonham, BroWn et al. 
1995), and N3‘QP5‘ phosphoramidates (Ding, GrayaZnov et 
al. 1996; Gee, Robbins et al. 1998). 

[0091] A test oligomer can be assayed for its RNaseH 
resistance by forming an RNA: oligomer duplex With the test 
compound, then incubating the duplex With RNaseH under 
a standard assay conditions, as described (Stein, Foster et al. 
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1997). After exposure to RNaseH, the presence or absence 
of intact duplex can be monitored by gel electrophoresis or 
mass spectrometry. 

[0092] In vivo uptake. In accordance With another aspect 
of the invention, there is provided a simple, rapid test for 
con?rming that a given antisense oligomer type provides the 
required characteristics noted above, namely, high Tm, 
ability to be actively taken up by the host cells, and 
substantial resistance to RNaseH. This method is based on 
the discovery that a properly designed antisense compound 
Will form a stable heteroduplex With the complementary 
portion of the RNA target When administered to a mamma 
lian subject, and the heteroduplex subsequently appears in 
the urine (or other body ?uid). Details of this method are 
also given in co-oWned US. Pat. No. 6,365,351 for “Non 
Invasive Method for Detecting Target RNA,” the disclosure 
of Which is incorporated herein by reference. 

[0093] Brie?y, a test oligomer containing a backbone to be 
evaluated, having a base sequence targeted against a knoWn 
RNA, is injected into a mammalian subject. The antisense 
oligomer may be directed against any intracellular RNA, 
including RNA encoded by a host gene. Several hours 
(typically 8-72) after administration, the urine is assayed for 
the presence of the antisense-RNA heteroduplex. If hetero 
duplex is detected, the backbone is suitable for use in the 
antisense oligomers of the present invention. 

[0094] The test oligomer may be labeled, eg by a ?uo 
rescent or a radioactive tag, to facilitate subsequent analyses, 
if it is appropriate for the mammalian subject. The assay can 
be in any suitable solid-phase or ?uid format. Generally, a 
solid-phase assay involves ?rst binding the heteroduplex 
analyte to a solid-phase support, e.g., particles or a polymer 
or test-strip substrate, and detecting the presence/amount of 
heteroduplex bound. In a ?uid-phase assay, the analyte 
sample is typically pretreated to remove interfering sample 
components. If the oligomer is labeled, the presence of the 
heteroduplex is con?rmed by detecting the label tags. For 
non-labeled compounds, the heteroduplex may be detected 
by immunoassay if in solid phase format or by mass spec 
troscopy or other knoWn methods if in solution or suspen 
sion format. 

[0095] Structural features. As detailed above, the antisense 
oligomer has a base sequence directed to a targeted portion 
of a cellular gene, preferably the region at or adjacent the 
start codon or a processed transcript or a region at or 
adjacent a splice site junction of the CD86 mRNA or 
preprocessed transcript. In addition, the oligomer is able to 
effectively inhibit expression of the targeted gene When 
administered to a host cell, e. g. in a mammalian subject. This 
requirement is met When the oligomer compound (a) has the 
ability to be taken up by dendritic cells and (b) once taken 
up, form a duplex With the target RNA With a Tm greater 
than about 45° C., preferably greater than 50° C. 

[0096] The ability to be taken up selectively by activated 
immune cells requires, in part, that the oligomer backbone 
be substantially uncharged. The ability of the oligomer to 
form a stable duplex With the target RNA Will depend on the 
oligomer backbone, the length and degree of complemen 
tarity of the antisense oligomer With respect to the target, the 
ratio of G:C to A:T base matches, and the positions of any 
mismatched bases. The ability of the antisense oligomer to 
resist cellular nucleases promotes survival and ultimate 
delivery of the agent to the cell cytoplasm. 
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[0097] Antisense oligonucleotides of 15-20 bases are gen 
erally long enough to have one complementary sequence in 
the mammalian genome. In addition, antisense compounds 
having a length of at least 12, typically at least 15 nucle 
otides in length hybridiZe Well With their target mRNA. Due 
to their hydrophobicity, antisense oligonucleotides tend to 
interact Well With phospholipid membranes, and it has been 
suggested that folloWing the interaction With the cellular 
plasma membrane, oligonucleotides are actively transported 
into living cells (Loke, Stein et al. 1989; Yakubov, Deeva et 
al. 1989; Anderson, Xiong et al. 1999). 

[0098] Morpholino oligonucleotides, particularly phos 
phoramidate- or phosphorodiamidate-linked morpholino 
oligonucleotides have been shoWn to have high binding 
af?nities for complementary or near-complementary nucleic 
acids. Morpholino oligomers also exhibit little or no non 
speci?c antisense activity, afford good Water solubility, are 
immune to nucleases, and are designed to have loW produc 
tion costs (Summerton and Weller 1997). 

[0099] Morpholino oligonucleotides (including antisense 
oligomers) are detailed, for example, in co-oWned US. Pat. 
Nos. 5,698,685, 5,217,866, 5,142,047, 5,034,506, 5,166, 
315, 5,185, 444, 5,521,063, and 5,506,337, all of Which are 
expressly incorporated by reference herein In one preferred 
approach, antisense oligomers for use in practicing the 
invention are composed of morpholino subunits of the form 
shoWn in the above cited patents, Where the morpholino 
groups are linked together by uncharged linkages, one to 
three atoms long, joining the morpholino nitrogen of one 
subunit to the 5 ‘ exocyclic carbon of an adjacent subunit, and 
(ii) the base attached to the morpholino group is a purine or 
pyrimidine base-pairing moiety effective to bind, by base 
speci?c hydrogen bonding, to a base in a polynucleotide. 
The purine or pyrimidine base-pairing moiety is typically 
adenine, cytosine, guanine, uracil or thymine. Preparation of 
such oligomers is described in detail in US. Pat. No. 
5,185,444 (Summerton et al., 1993), Which is hereby incor 
porated by reference in its entirety. As shoWn in this refer 
ence, several types of nonionic linkages may be used to 
construct a morpholino backbone. 

[0100] Exemplary subunit structures for antisense oligo 
nucleotides of the invention include the morpholino subunit 
types shoWn in FIGS. 1A-D, each linked by an uncharged, 
phosphorous-containing subunit linkage, as shoWn in FIGS. 
2A-2D, respectively. In these ?gures, the X moiety pendant 
from the phosphorous may be any of the folloWing: ?uorine; 
an alkyl or substituted alkyl; an alkoxy or substituted 
alkoxy; a thioalkoxy or substituted thioalkoxy; or, an unsub 
stituted, monosubstituted, or disubstituted nitrogen, includ 
ing cyclic structures. Alkyl, alkoxy and thioalkoxy prefer 
ably include 1-6 carbon atoms, and more preferably 1-4 
carbon atoms. Monosubstituted or disubstituted nitrogen 
preferably refers to loWer alkyl substitution, and the cyclic 
structures are preferably 5- to 7-membered nitrogen hetero 
cycles optionally containing 1-2 additional heteroatoms 
selected from oxygen, nitrogen, and sulfur. Z is sulfur or 
oxygen, and is preferably oxygen. 

[0101] FIG. 1A shoWs a phosphorous-containing linkage 
Which forms the ?ve atom repeating-unit backbone shoWn in 
FIG. 2A, Where the morpholino rings are linked by a 1-atom 
phosphoamide linkage. Subunit B in FIG. 1B is designed for 
6-atom repeating-unit backbones, as shoWn in FIG. 2B. In 



US 2005/0234002 A1 

FIG. 1B, the atom Y linking the 5‘ morpholino carbon to the 
phosphorous group may be sulfur, nitrogen, carbon or, 
preferably, oxygen. The X moiety pendant from the phos 
phorous may be any of the folloWing: ?uorine; an alkyl or 
substituted alkyl; an alkoxy or substituted alkoxy; a thio 
alkoxy or substituted thioalkoxy; or, an unsubstituted, 
monosubstituted, or disubstituted nitrogen, including cyclic 
structures. Z is sulfur or oxygen, and is preferably oxygen. 
Particularly preferred morpholino oligonucleotides include 
those composed of morpholino subunit structures of the 
form shoWn in FIG. 2B, Where X is an amine or alkyl amine 
of the form X=NR2, Where R is independently H or CH3, 
that is Where X=NH2, X=NHCH3 or X=N(CH3)2, Y=O, 
and Z=O. 

[0102] Subunits C-D in FIGS. 1C-D are designed for 
7-atom unit-length backbones as shoWn for structures in 
FIGS. 2C and D. In Structure C, the X moiety is as in 
Structure B, and the moiety Y may be methylene, sulfur, or 
preferably oxygen. In Structure D, the X and Y moieties are 
as in Structure B. In all subunits depicted in FIGS. 1 and 2, 
each Pi and Pj is a purine or pyrimidine base-pairing moiety 
effective to bind, by base-speci?c hydrogen bonding, to a 
base in a polynucleotide, and is preferably selected from 
adenine, cytosine, guanine and uracil. 

[0103] As noted above, the substantially uncharged oligo 
mer may advantageously include a limited number of 
charged linkages, e.g. up to about 1 per every 5 uncharged 
linkages. In the case of the morpholino oligomers, such a 
charged linkage may be a linkage as represented by any of 
FIGS. 2A-D, preferably FIG. 2B, Where X is oxide (—O—) 
or sul?de 

[0104] More generally, the morpholino oligomers With 
uncharged backbones are shoWn in FIGS. 3A-3G. Espe 
cially preferred is a substantially uncharged morpholino 
oligomer such as illustrated by the phosphorodiamidate 
morpholino oligomer (PMO) shoWn in FIG. 3G. It Will be 
appreciated that a substantially uncharged backbone may 
include one or more, e.g., up to 10-20% of charged inter 
subunit linkages, typically negatively charged phosphorous 
linkages. 

[0105] Antisense sequence. In the methods of the inven 
tion, the antisense oligomer is designed to hybridiZe to a 
region of the target nucleic acid sequence, under physiologi 
cal conditions With a Tm substantially greater than 37° C., 
e.g., at least 45° C. and preferably 60° C.-80° C., Wherein the 
target nucleic acid sequence is preferentially expressed in 
activated lymphocytes. The oligomer is designed to have 
high-binding af?nity to the target nucleic acid sequence and 
may be 100% complementary thereto, or may include mis 
matches, e.g., to accommodate allelic variants, as long as the 
heteroduplex formed betWeen the oligomer and the target 
nucleic acid sequence is suf?ciently stable to Withstand the 
action of cellular nucleases and other modes of degradation 
during its transit from cell to body ?uid. Mismatches, if 
present, are less destabiliZing toWard the end regions of the 
hybrid duplex than in the middle. The number of mis 
matches alloWed Will depend on the length of the oligomer, 
the percentage of G:C base pair in the duplex and the 
position of the mismatch(es) in the duplex, according to Well 
understood principles of duplex stability. 

[0106] Although such an antisense oligomer is not neces 
sarily 100% complementary to a nucleic acid sequence that 

Oct. 20, 2005 

is preferentially expressed in mature dendritic cells, it is 
effective to stably and speci?cally bind to the target 
sequence such that expression of the target sequence is 
modulated. The appropriate length of the oligomer to alloW 
stable, effective binding combined With good speci?city is 
about 8-40 nucleotide base units, and preferably about 12-25 
nucleotides. Oligomer bases that alloW degenerate base 
pairing With target bases are also contemplated, assuming 
base-pair speci?city With the target is maintained. mRNA 
transcribed from the relevant region of a gene associated 
With CD86 expression is generally targeted by the antisense 
oligonucleotides for use in practicing the invention, hoW 
ever, in some cases double-stranded DNA may be targeted 
using a non-ionic probe designed for sequence-speci?c 
binding to major-groove sites in duplex DNA. Such probe 
types are described in US. Pat. No. 5,166,315 (Summerton 
et al., 1992), Which is hereby incorporated by reference, and 
are generally referred to herein as antisense oligomers, 
referring to their ability to block expression of target genes. 

[0107] 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 embodi 
ment, 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 comple 
mentary to a target region containing at least 12 contiguous 
bases in a processed human CD86 transcript, 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 identi 
?ed by SEQ ID NO: 9. Exemplary antisense sequences 
include those identi?ed as SEQ ID NOS: 21-23, and 32. 

[0108] In a more speci?c embodiment, the antisense com 
pounds 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 includ 
ing these bases, e.g., the target bases extending from —2 to 
+19 (SEQ ID NO: 23 beloW), or may hybridiZe to a region 
predominantly doWnstream of and including these bases, 
e.g., the target bases extending from +9 to +30 (SEQ ID NO: 
32 beloW). 

[0109] 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 identi?ed by 
SEQ ID NOS: 10-14. Exemplary antisense sequences 
include those identi?ed as SEQ ID NOS: 24-28. 

[0110] HoWever, in some cases, other regions of the CD86 
mRNA (SEQ ID NO: 29) may be targeted, including one or 
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more of, an initiator or promoter site, a 3‘-untranslated 
region, and a 5‘-untranslated region. Both spliced and 
unspliced, preprocessed RNA may serve as the template for 
design of antisense oligomers for use in the methods of the 
invention. 

[0111] When the antisense compound is complementary to 
a speci?c region of a target gene (such as the region adjacent 
the AUG start codon of the CD86 gene) the method can be 
used to monitor the binding of the oligomer to the CD86 
RNA. 

[0112] The antisense compounds for use in practicing the 
invention can be synthesiZed by stepWise solid-phase syn 
thesis, employing methods detailed in the references cited 
above. The sequence of subunit additions Will be determined 
by the selected base sequence. In some cases, it may be 
desirable to add additional chemical moieties to the oligo 
mer compounds, e. g. to enhance the pharmacokinetics of the 
compound or to facilitate capture or detection of the com 
pound. Such a moiety may be covalently attached, typically 
to the 5‘- or 3‘-end of the oligomer, according to standard 
synthesis methods. For example, addition of a polyethyl 
eneglycol moiety or other hydrophilic polymer, e.g., one 
having 10-100 polymer subunits, may be useful in enhanc 
ing solubility. One or more charged groups, e.g., anionic 
charged groups such as an organic acid, may enhance cell 
uptake. A reporter moiety, such as ?uorescein or a radiola 
beled group, may be attached for purposes of detection. 

[0113] Alternatively, the reporter label attached to the 
oligomer may be a ligand, such as an antigen or biotin, 
capable of binding a labeled antibody or streptavidin. In 
selecting a moiety for attachment or modi?cation of an 
oligomer antisense, it is generally of course desirable to 
select chemical compounds of groups that are biocompatible 
and likely to be tolerated by cells in vitro or in vivo Without 
undesirable side effects. 

[0114] B. Arginine-Rich Polypeptide Moiety 

[0115] The use of arginine-rich peptide sequences conju 
gated to uncharged antisense compounds, e.g., PMO, has 
been shoWn to enhance cellular uptake in a variety of cells 
(Wender, Mitchell et al. 2000; Moulton, Hase et al. 2003; 
Moulton and Moulton 2003) (Iversen, Moulton et al. US. 
Patent Application No. 60/466,703, now US. publication 
No. 2004/0265879 A1, published Dec. 30, 2004, all of Which 
are incorporated herein by reference. 

[0116] In one embodiment of the invention, the antisense 
compound is covalently linked at its 3‘ or 5‘ end to an 
arginine rich-peptide effective to enhance uptake of the 
compound into dendritic cells relative to uptake in the 
absence of the peptide. The arginine-rich peptide is detailed 
in the above references to Moulton et al., and described in 
US. patent application. Preferably, the peptide is composed 
of d-amino acids, 1-amino acids, non-natural amino acids or 
a combination thereof. Exemplary arginine-rich peptides 
include those identi?ed by SEQ ID NOS: 1-3, of Which 
those identi?ed as SEQ ID NOS: 1 and 2 are preferred. 

[0117] The transport peptide may signi?cantly enhance 
cell entry of attached uncharged oligomer compounds, rela 
tive to uptake of the compound 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 
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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. 

[0118] A further bene?t 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 speci?city. 

[0119] The transport moiety may also loWer the effective 
concentration of an antisense oligomer to achieve antisense 
activity as measured in both tissue culture and cell-free 
systems. Cell-free translation systems provide an indepen 
dent means to assess the enhanced effect of the transport 
moiety on the antisense oligomer’s ability to bind to its 
target and, through steric blocking, inhibit translation of 
doWnstream sequences. 

[0120] C. rTAT (P002) Peptide 
[0121] In studies conducted in support of the present 
invention, several different “arginine-rich” peptide 
sequences Were conjugated to ?uorescent tagged PMO 
(PMO-?) and examined to determine the effect of peptide 
sequence on uptake into lymphocytes Enhanced uptake Was 
observed for all arginine-rich peptide-PMO conjugates 
tested compared to unconjugated PMO. The P003 and P005 
arginine-rich peptides (SEQ ID NOS: 2 and 3, respectively) 
provide enhanced uptake into lymphocytes regardless of the 
cell activation state. HoWever, among the arginine-rich 
peptides examined, the rTAT (P002) peptide [NH2— 
RRRQRRKKRC—COOH] (SEQ ID NO: 1) PMO conju 
gate exhibited differential uptake into dendritic cells depen 
dent on cell activation status. PMO uptake Was greatly 
increased in mature dendritic cells as shoWn beloW as Well 
as activated B cells and CD4 and CD8 T cells When 
compared to na'ive lymphocytes (Mourich, Moulton et al. 
US. Patent Application No. 60/505,418). Furthermore, 
experiments in support of the invention demonstrate that the 
arginine-rich peptide-antisense compounds conjugates alone 
do not affect the maturation state of dendritic cells. This Was 
shoWn by treating dendritic cells With arginine-rich peptide 
PMO conjugates in the absence of a maturation stimulus and 
observing no activation of the dendritic cell population. 

[0122] The rTAT peptide can be synthesiZed by a variety 
of knoWn methods, including solid-phase synthesis. The 
amino acid subunits used in construction of the polypeptide 
may be either I- or d-amino acids, preferably all I-amino 
acids or all d-amino acids. Minor (or neutral) amino acid 
substitutions are alloWed, as long as these do not substan 
tially degrade the ability of the polypeptide to enhance 
uptake of antisense compounds selectively into activated T 
cells. One skilled in the art can readily determine the effect 
of amino acid substitutions by construction of a series of 
substituted rTAT polypeptides, e.g., With a given amino acid 
substitution separately at each of the positions along the 
rTAT chain. Using the above test for uptake of ?uorescein 
ated PMO-polypeptide conjugate, one can then determine 
Which substitutions are neutral and Which signi?cantly 
degrade the transporter activity of the peptide. Rules for 
neutral amino acid substitutions, based on common charge 
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and hydrophobicity similarities among distinct classes of 
amino acids are Well known and applicable here. In addition, 
it Will be recognized that the C-terminal cysteine of SEQ ID 
NO: 1 is added for purposes of coupling to the antisense 
compound, and may be replaced/deleted When another ter 
minal amino acid or linker is used for coupling. 

[0123] The rTAT polypeptide can be linked to the com 
pound to be delivered by a variety of methods available to 
one of skill in the art. The linkage point can be at various 
locations along the transporter. In selected embodiments, it 
is at a terminus of the transporter, e.g., the C-terminal or 
N-terminal amino acid. In one exemplary approach, the 
polypeptide has, as its C-terminal residue, a single cysteine 
residue Whose side chain thiol is used for linking. Multiple 
transporters can be attached to a single compound if desired. 

[0124] When the compound is a PMO, the transporter can 
be attached at the 5‘ end of the PMO, eg via the 5‘-hydroxyl 
group, or via an amine capping moiety, as described (Moul 
ton and Moulton 2003) (Iversen, Moulton et al. US. Patent 
Application No. 60/466,703). Alternatively, the transporter 
may be attached at the 3‘ end, eg via a morpholino ring 
nitrogen, as described (Moulton and Moulton 2003) 
(Iversen, Moulton et al. US. Patent Application No. 60/466, 
703), either at a terminus or an internal linkage. The linker 
may also comprise a direct bond betWeen the carboxy 
terminus of a transporter peptide and an amine or hydroxy 
group of the PMO, formed by condensation promoted by, for 
example carbodiimide. 

[0125] Linkers can be selected from those Which are 
non-cleavable under normal conditions of use, e.g., contain 
ing a thioether or carbamate bond. In some embodiments, it 
may be desirable to include a linkage betWeen the trans 
porter moiety and compound Which is cleavable in vivo. 
Bonds Which are cleavable in vivo are knoWn in the art and 
include, for example, carboxylic acid esters, Which are 
hydrolyZed enZymatically, and disul?des, Which are cleaved 
in the presence of glutathione. It may also be feasible to 
cleave a photolytically cleavable linkage, such as an ortho 
nitrophenyl ether, in vivo by application of radiation of the 
appropriate Wavelength. 
[0126] For example, the preparation of a conjugate having 
a disul?de linker, using the reagent N-succinimidyl 3-(2 
pyridyldithio) propionate (SPDP) or succinimidyloxycarbo 
nyl ot-methyl-ot-(2-pyridyldithio) toluene (SMPT), is 
described (Moulton and Moulton 2003) (Iversen, Moulton et 
al. US. Patent Application No. 60/466,703). Exemplary 
heterobifunctional linking agents Which further contain a 
cleavable disul?de group include N-hydroxysuccinimidyl 
3-[(4-aZidophenyl)dithio] propionate and others. 

[0127] IV. Selective Uptake of rTAT-Antisense Oligomers 
into Activated Dendritic Cells 

[0128] The present invention provides a method and com 
position for delivering therapeutic compounds, e.g., 
uncharged antisense compounds, speci?cally to activated 
immune cells, e.g., antigen-activated T cells, B cells, and 
mature dendritic cells. 

[0129] The ability of the rTat (SEQ ID NO:1, P002) 
peptide to enhance uptake of a ?uoresceinated PMO anti 
sense compound selectively into activated mouse dendritic 
cells is demonstrated in the study described in Example 1, 
and With the results shoWn in FIG. 5. In this study, cultured 
mouse dendritic cells Were incubated With ?uorescein-la 
beled P002-PMO conjugate and subjected to lymphocyte 
activating substances, as described in Example 1. Dendritic 
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cells Were stained With antibody to determine the extent of 
uptake by FACS analysis of the cells. The results shoW 
relatively loW uptake of the antisense PMO into non 
activated dendritic cells. Activation by lipopolysaccharide 
(LPS) caused signi?cantly increased uptake of the antisense 
oligomer into dendritic cells. 

[0130] The property of activation-dependent uptake of 
peptide-antisense conjugate is not observed With other argi 
nine-rich peptides, Which are knoWn to enhance drug trans 
port into cells. This is also demonstrated by the study 
described in Example 1, and With the results shoWn in FIG. 
5. As seen in these ?gures, P003-PMO conjugate (corre 
sponding to the arginine-rich peptide of SEQ ID NO: 2) is 
readily taken up by immature dendritic cells. PMO alone is 
relatively poorly taken up by immature dendritic cells, and 
P002-PMO shoWs enhanced uptake into LPS treated den 
dritic cells. 

[0131] In one aspect of the invention, therefore, the P002 
peptide may be conjugated to a substantially uncharged 
antisense compound, to enhance its uptake selectively into 
antigen-activated, mature dendritic cells, including antigen 
activated, mature human dendritic cells. 

[0132] V. Treating Transplantation Rejection and Autoim 
mune Disorder 

[0133] By manipulating the immune system’s normal 
mechanism for the generation of immune tolerance to self 
antigens, the present invention provides a method and com 
position that 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, in?ammatory 
boWel disease and rheumatoid arthritis. 

[0134] By employing an antisense compound against 
CD86 (e.g., SEQ ID NOS: 21-28 and 32), the present 
invention provides a means to precisely and speci?cally 
block T cell activation to an antigen presented by a mature 
dendritic cell. 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. Where 
the antisense compound is linked to an rTAT peptide, the 
conjugate preferentially targets activated dendritic cells, 
thus alloWing the therapy to be made highly speci?c for 
mature dendritic cells. 

[0135] The generation of toleriZed, anergic T-cells using 
the compounds and methods of the invention also provides 
a long-lasting tolerance that has a variety of therapeutic 
advantages. 

[0136] A. CD86 Antisense Oligomers, T Cell Costimula 
tion and IL10 Production by Mature Dendritic Cells. 

[0137] Dendritic cells (DCs) reside and traf?c through 
most tissues of the body in an immature state. Upon encoun 
tering an in?ammatory stimulus changes in DC phenotype 
rapidly ensue. Hallmarks of this phenotypic shift termed 
“maturation” include the loss of phagocytic function, 
increased surface expression of MHC class I, II, adhesion 
molecules, distinct chemokine receptors and costimulatory 
molecules such as B7-1 (CD80) and B7-2 (CD86). Together 
these provide mature DCs the ability to traf?c to lymphoid 
tissue and the capacity to be potent antigen presenting cells 
(APCs) to naive T cells. The cascade of signaling events that 
folloW When CD28 on the responding T cell is engaged by 
CD86 are Well established. HoWever, little is knoWn about 
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the reciprocity of events occurring in APCs due to the 
expression or engagement of CD80 and CD86 molecules. TABLE 2_¢ontj_nued 
Studies to determine if antisense molecules could enter DCs 
and be used to inhibit the expression of CD86 molecules led @larv CD86 Tarqetinq Sequences 
unexpectedly to the observations described in the present 01, SEQ ID 
. . . . . l omer 

invention that APCs, speci?cally dendritic cells, undergo g . . 
_ _ Target Sequence (5 to 3 ) Sp. NO. 
important alterations When B7 molecules are engaged. 
These observations include a link betWeen the expression of 
CD86 and the regulation of IL-10 expression in bone CD86 AUGl GTTACTCAGTCCCATAGTGCTG hu 21 
marroW-derived mature DCs. 

CD86 AUG2 CCATAGTGCTGTCACAAATG hu 22 

[0138] Exemplary target sequences for the CD86 (B7-2) 
gene are listed in Table 1 beloW. The murine CD86 CD86 AUG3 GAATGTTACTCAGTCCCATAG hu 23 

sequences are noted With “mu” and are derived from Gen- CD86E 6 GAGGCTGAGGGTCCTCAAGCT h 24 
bank Accession No. AF065898. The human CD86 AUG x 56' u 

' ' (6 17 

target and targeting sequences 'are noted With hu and cD86Ex6Sd CACATTTATAAGAGTTGCGAGGC hu 25 
derived from Genbank Accession No. NM006889. The 
human Exon 6, 7, and 8 splice donor (sd) and splice acceptor cD86Ex7Sa TCCCTCTCCATTGTGTTGGTTC hu 26 
(sa) target and targeting sequences are derived from Gen 
bank Accession Nos. U17720, U17721 and U17722, respec- CD86Ex7sd cTTTTcTTGGTcTGTTcAcTc hu 27 
tively. 

TABLE 1 

Exemplary CD86 Tarqet Sequences 

Oligomer SED ID 
Target Sequence (5' to 3') Sp. Nct. Range NO. 

CD86 AUG cggaagcacccacgatggaccccag mu l9—43 4 

Exon 7sa gctgtttccgtggagacgc mu 99—ll7 5 

Exon 9sd gccgaatcagcttagcagg mu 833—851 6 

Exon lOsa gcccagcaacacagcctct mu 851—869 7 

Exon llsa gaaaccaaatgcagagtg mu 944—961 8 

CD86 AUG catttgtgacagcactatgggactgagtaacattct hu l32—l77 9 
ctttgtgatg 

CD86Ex6sa agcttgaggaccctcagcctc hu l70—l90 l0 

CD86Ex6sd gcctcgcaactcttataaatgtg hu 291—3l3 ll 

CD86Ex7sa gaaccaacacaatggagaggga hu 274—295 12 

CD86Ex7sd gagtgaacagaccaagaaaag hu 298—3l9 l3 

CD86Ex8sa agaaaaaatccatatacctgaa hu 223—244 14 

[0139] 
TABLE 2-continued 

TABLE 2 I 
Exemplary CD86 Tarqetlnq Sequences 

Exemplary CD86 Tarqetinq Sequences 
Oligomer SEQ ID 

Oligomer SEQ ID Target Sequence (5' to 3') Sp. NO. 
Target Sequence (5' to 3') Sp. NO. 

B7_2 AUGl CTGGGGTCCATCGTGGGTGC mu 15 CD86Ex8sa TTCAGGTATATGGATTTTTTCT hu 28 

B7-2 AUG2 GGGGTCCATCGTGGGTGCTTCCG mu l6 CD86 AUG4 CATCACAAAGAGAATGTTACTC hu 32 

Exon 7sa GCGTCTCCACGGAAACAGC mu 17 

Exon 95d CCTGCTAAGCTGATTCGGC mu 18 [0140] 13' Treatment Methods 

Exon 10% AGAGGCTGTGTTGCTGGGC mu 19 [0141] In one aspect, the invention is directed to methods 
of inducing immunological tolerance in vivo in a patient, by 

Exon llsa CACTCTGCATTTGGTTTC mu 20 administering to the patient a therapeutically effective 
amount of a peptide-conjugated CD86 PMO pharmaceutical 




























