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A method and composition for 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-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 identified, 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-specific 
activation of T cells, and, in mature dendritic cells, increased 
production of extracellular IL-10. 
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ANTISENSE OLGOMERS AND METHODS FOR 
INDUCING IMMUNE TOLERANCE AND 

IMMUNOSUPPRESSION 

0001. This application claims priority to U.S. Provisional 
Application No. 60,538,655, filed 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. 

REFERENCES 

0003) Agrawal, S., et al., Proc Natl Acad Sci USA 
87(4): 1401-5, (1990). 

0004) Akhtar, S., et al., 
19(20):5551-9, (1991). 

0005) Anderson, C. M., et al., J Neurochem 73(2):867 
73, (1999). 

0006 Anderson, K. P., et al., Antimicrob Agents 
Chemother 40(9):2004-11, (1996). 

0007 Bonham, M. A., et al., Nucleic Acids Res 
23(7): 1197-203, (1995). 

0008 Borriello, F., et al., J Immunol 155(12):5490-7, 
(1995). 

0009 Boudvillain, M., et al., 
36(10):2925-31, (1997). 

0010 Chambers, C. A., et al., Annu Rev Immunol 
19:565-94, (2001). 

0.011 Ding, D., et al., Nucleic Acids Res 24(2):354-60, 
(1996). 

0012 Gee, J. E., et al., Antisense Nucleic Acid Drug 
Dev 8(2):103-11, (1998). 

0013 Gupta, S., Int J Oncol 22(1):15-20, (2003). 
0014 Hudziak, R. M., et al., Antisense Nucleic Acid 
Drug Dev 6(4):267-72, (1996). 

0.015 Loke, S. L., et al., Proc Natl Acad Sci USA 
86(10):3474-8, (1989). 

0016 Lu, W., et al., “Therapeutic dendritic-cell vac 
cine for chronic HIV-1 infection.” Nat Med, (2004). 

0017 Mohamadzadeh, M. and R. Luftig, J Immune 
Based Ther Vaccines 2(1):1, (2004). 

0018 Moulton, H. M., et al., Antisense Nucleic Acid 
Drug Dev 13(1):31-43, (2003). 

0019 Moulton, H. M. and J. D. Moulton, Curr Opin 
Mol Ther 5(2):123-32, (2003). 

0020 Moulton, H. M., et al., Bioconjug Chem 
15(2):290-9, (2004). 

0021 Orabona, C., et al., “CD28 induces immuno 
stimulatory signals in dendritic cells via CD80 and 
CD86.” 5(11): 1134-1142, (2004). 

Nucleic Acids Res 

Biochemistry 

Oct. 20, 2005 

0022 Pari, G. S., et al., Antimicrob Agents Chemother 
39(5):1157-61, (1995). 

0023 Salomon, B. and J. A. Bluestone, Annu Rev 
Immunol 19:225-52, (2001). 

0024. Shevac, E. M., “Animal Models for Autoim 
mune and Inflammatory Disease”, CURRENT PRO 
TOCOLS IN IMMUNOLOGY, John Wiley & Sons, 
Inc., S52, (2002). 

0025 Stein, D., et al., Antisense Nucleic Acid Drug 
Dev 7(3):151-7, (1997). 

0026 Summerton, J. and D. Weller, Antisense Nucleic 
Acid Drug Dev 7(3):187-95, (1997). 

0027 Toulme, J. J., et al., Biochimie 78(7):663-73, 
(1996). 

0028 van der Merwe, P. A. and S. J. Davis, Annu Rev 
Immunol 21:659-84, (2003). 

0029 Wasem, C., et al., J Clin Invest 111 (8): 1191-9, 
(2003). 

0030 Wender, P. A., et al., Proc Natl Acad Sci USA 
97(24): 13003-8, (2000). 

0031) Yakubov, L. A., et al., Proc Natl AcadSci USA 
86(17):6454-8, (1989). 

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 significant 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 efficacy. 

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-specific 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 
fied, 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: 

ZEP-X 

Y1 

r P 

0037 where Y=O, Z=O, P is a purine or pyrimidine 
base-pairing moiety effective to bind, by base-specific 
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=NR, where each R is independently hydro 
gen or methyl in the compound to which the dendritic cells 
are exposed. 
0.038. 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 identified 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 (i) 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 identified 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 identified by 
SEO 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 identified by SEQ ID NOS:10-14. 
The antisense compound may have, for example, one of the 
base sequences identified 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-specific 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 identified, 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. 
004.5 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 fluorescence activated cell sorting 
(FACS) analysis of the uptake of fluorescein-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. 

0.052 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. Definitions 

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-specific 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 Class I or Class II, in the case of CD4 
and CD8 T cells respectively, conferring the antigen Speci 
ficity 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 specifically 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. 1A-1D, where (i) 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 P are purine or pyrimidine base-pairing moieties 
effective to bind, by base-specific 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. 1A-1D, with the 
uncharged, phosphorous-containing linkages shown in 
FIGS. 2A-2D, and more generally, the uncharged linkages 
3A-3G. 

0.063 AS used herein, an oligonucleotide or antisense 
oligomer “specifically 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 Specific Sequence at a defined 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. 

0.064 Polynucleotides are described as “complementary' 
to one another when hybridization occurs in an antiparallel 
configuration 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 first polynucleotide and the 
Second. Complementarity (the degree that one polynucle 
otide 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. 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. 

0.066 As used herein, a first sequence is an “antisense 
Sequence' or “targeting Sequence” with respect to a Second 
Sequence or “target Sequence' if a polynucleotide whose 
Sequence is the first Sequence Specifically binds to, or 
Specifically 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-specific 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, proficient 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 Significantly increase 
surface expression of MHC II, CD80 and CD86. Conse 
quently mature DCS are capable of providing Sufficient 
ligand to trigger T cell activation through the T cell and 
coStimulatory receptors. 

0070 Abbreviations: 

0.071) 
C 

0072) 

0073) 

0074) 

0075) 

0076) 
0.077 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 insufficient or an absence of coStimu 
lation (termed "signal 2’) during the process of antigen 
presentation, antigen Specific 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-specific population on Subsequent encounters) or 
through the generation of a regulatory population of antigen 
Specific 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 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 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 

0.083 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 
affinity, 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 (i) 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 confirm 
the Specificity of binding of candidate antisense oligomers. 
The outcome of Such tests is important in discerning Specific 
effects of antisense inhibition of gene expression from 
indiscriminate Suppression. Accordingly, Sequences may be 
modified as needed to limit non-specific binding of antisense 
oligomers to non-target nucleic acid Sequences. 
0.086 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 fluorescence reporter, into 
cells. The cells are incubated in the presence of labeled test 
compound, added at a final 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 Significant 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 first, 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 
(unmodified “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'-O- 
alkyl modified oligonucleotides (Bonham, Brown et al. 
1995), and N3'->P5' 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 
confirming 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 fluid). Details of this method are 
also given in co-owned U.S. Pat. No. 6,365,351 for “Non 
Invasive Method for Detecting Target RNA, the disclosure 
of which is incorporated herein by reference. 
0.093 Briefly, 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, e.g. by a fluo 
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 fluid format. Generally, a 
Solid-phase assay involves first 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 fluid-phase assay, the analyte 
Sample is typically pretreated to remove interfering Sample 
components. If the oligomer is labeled, the presence of the 
heterodupleX is confirmed 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. 

0.095 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 
affinities for complementary or near-complementary nucleic 
acids. Morpholino oligomerS also exhibit little or no non 
Specific 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 U.S. 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 (i) 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 
Specific 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 U.S. 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 figures, the X moiety pendant 
from the phosphorous may be any of the following: fluorine; 
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 five 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 
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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: fluorine; 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=NR, where R is independently H or CH, 
that is where X=NH, X=NHCH, or X=N(CH), 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 P is a purine or pyrimidine base-pairing moiety 
effective to bind, by base-specific 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 sulfide (-S-). 
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 affinity 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 Sufficiently stable to withstand the 
action of cellular nucleases and other modes of degradation 
during its transit from cell to body fluid. 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 
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is preferentially expressed in mature dendritic cells, it is 
effective to stably and specifically 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 Specificity 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 specificity 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-specific 
binding to major-groove Sites in duplex DNA. Such probe 
types are described in U.S. 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 
fied by SEQ ID NO: 9. Exemplary antisense sequences 
include those identified as SEQ ID NOS: 21-23, and 32. 

0108. In a more specific 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 (SEQID 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 identified by 
SEQ ID NOS: 10-14. Exemplary antisense sequences 
include those identified as SEO 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 Specific 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 fluorescein 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 modification 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. U.S. 
Patent Application No. 60/466,703, now U.S. 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 
U.S. 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 identified by SEQ ID NOS: 1-3, of which 
those identified as SEQ ID NOS: 1 and 2 are preferred. 
0117 The transport peptide may significantly 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 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. 
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 fluorescent tagged PMO 
(PMO-fl) 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 NH 
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 naive lymphocytes (Mourich, Moulton et al. 
U.S. 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. 
0.122 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 fluorescein 
ated PMO-polypeptide conjugate, one can then determine 
which Substitutions are neutral and which Significantly 
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. 
0.124. When the compound is a PMO, the transporter can 
be attached at the 5' end of the PMO, e.g. via the 5'-hydroxyl 
group, or via an amine capping moiety, as described (Moul 
ton and Moulton 2003) (Iversen, Moulton et al. U.S. Patent 
Application No. 60/466,703). Alternatively, the transporter 
may be attached at the 3' end, e.g. via a morpholino ring 
nitrogen, as described (Moulton and Moulton 2003) 
(Iversen, Moulton et al. U.S. 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 disulfides, 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. 
0.126 For example, the preparation of a conjugate having 
a disulfide linker, using the reagent N-Succinimidyl 3-(2- 
pyridyldithio) propionate (SPDP) or succinimidyloxycarbo 
nyl O-methyl-O-(2-pyridyldithio) toluene (SMPT), is 
described (Moulton and Moulton 2003) (Iversen, Moulton et 
al. U.S. Patent Application No. 60/466,703). Exemplary 
heterobifunctional linking agents which further contain a 
cleavable disulfide group include N-hydroxysuccinimidyl 
3-(4-azidophenyl)dithiol 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, Specifically 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 fluoresceinated 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 fluorescein-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 significantly increased uptake of the antisense 
oligomer into dendritic cells. 
0.130. 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 figures, 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 

0.133 By manipulating the immune systems 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, inflammatory 
bowel disease and rheumatoid arthritis. 

0.134. 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 Specifically 
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 Specific for 
mature dendritic cells. 

0.135 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. 

0.136 A. CD86 Antisense Oligomers, T Cell Costimula 
tion and IL10 Production by Mature Dendritic Cells. 
0137 Dendritic cells (DCs) reside and traffic through 
most tissueS of the body in an immature State. Upon encoun 
tering an inflammatory 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 traffic 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-continued 
Studies to determine if antisense molecules could enter DCs 
and be used to inhibit the expression of CD86 molecules led Exemplary CD86 Targeting Sequences 
unexpectedly to the observations described in the present Oli SEQ ID 

Cole invention that APCs, Specifically 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 AUG1 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- CD86Ex6 GAGGCTGAGGGTCCTCAAGCT h 24 
bank Accession No. AFO65898. The human CD86 AUG XS a l 

66 ss 

target and targeting Sequences are noted with “hu' and CD86Ex6sc CACATTTATAAGAGTTGCGAGGC hu 25 
derived from Genbank Accession No. NMOO6889. The 
human Exon 6, 7, and 8 splice donor (Sd) and splice acceptor CD86Exts a TCCCTCTCCATTGGTTGGTTC hu 26 
(sa) target and targeting sequences are derived from Gen 
bank Accession Nos. U17720, U17721 and U17722, respec- CD86Ex7s. CTTTTCTTGGTCTGTTCACTC hu 27 
tively. 

TABLE 1. 

Exemplary CD86 Target Sequences 

Oligomer SED ID 
Target Sequence (5' to 3') Sp. Not. Range NO. 

CD86 AUG cq galagcac coacgatggaccc.ca.g I 19-43 4 

Exon 7 sa gctgtttcc.gtggaga.cgc. 99-117 5 

Exon 9sd gcc.gaatcagottagcagg I 833-851 6 

Exon 10s a gcc.cagoaacacago citct I 851-869 7 

Exon 11 sa gaalaccalaatgcagagtg I 944-961 8 

CD86 AUG catttgttgacago actatgggactgagtaac attct hu 132-177 9 
citttgttgatg 

CD86Ex6sa agcttgagg accotcagocto hu 170-190 10 

CD86Ex6sd gcctc.gcaactcittataaatgttg hu 29.1-313 11 

CD86Ex7s a galaccalacacaatggagaggga hu 24-295 12 

CD86Ex7sd gagtgaacagaccaagaaaag hu 298-319 13 

CD86Ex8sa agaaaaaatccatatacctgaa hu 223-244 14 

0139) 
TABLE 2-continued 

TABLE 2 
Exemplary CD86 Targeting Sequences 

Exemplary CD86 Targeting Sequences 
Oligomer SEQ ID 

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

B7-2 AUG1 CTGGGGTCCATCGTGGGTGC I 15 CD86Ex8s a TTCAGGTATAGGATTTTTTC hu 28 

B7-2 AUG2 GGGGTCCATCGTGGGTGCTTCCG I 16 CD86 AUG4 CATCACAAAGAGAATGTTACTC hu 32 

Exon is a GCGTCTCCACGGAAACAGC I 17 

Exon 9 so CCTGCTAAGCTGATTCGGC I 18 0140) B. Treatment Methods 

Exon 1 Osa AGAGGCTGTGTTGCTGGGC I 19 0.141. In one aspect, the invention is directed to methods 
of inducing immunological tolerance in Vivo in a patient, by 

Exon 11 is a CACTCTGCATTTGGTTTC I 20 administering to the patient a therapeutically effective 
amount of a peptide-conjugated CD86 PMO pharmaceutical 
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composition, as described herein, e.g., a pharmaceutical 
composition comprising an antisense oligomer to CD86. 

0142. The antisense oligomers of the invention 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. 

0143. In one embodiment, a subject is in need of tolerized 
dendritic cells and T cells when responding to an allogeneic 
transplantation. In this embodiment, a CD86 antisense com 
pound is administered to the Subject in a manner effective to 
result in blocking the formation of activated T cells. Typi 
cally, the patient is 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. 

014.4 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. 

0145. It will be understood that in vivo administration of 
Such a CD86 antisense compound is dependent upon, (1) the 
duration, dose and frequency of antisense administration, 
and (2) the general condition of the Subject. A Suitable dose 
can be approximated from animal model Studies and 
extrapolated to patient weight. 

0146 Typically, one or more doses of CD86 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 mg oligomer/patient to 
about 25 mg oligomer/patient (based on an adult weight of 
70 kg). In Some cases, doses of greater than 25 mg oligomer/ 
patient may be necessary. For IV administration, the pre 
ferred doses are from about 1.0 mg oligomer/patient to about 
100 mg oligomer/patient, preferably 5-50 mg oligomer/ 
patient, (based on an adult weight of 70 kg). The antisense 
agent is generally administered in an amount Sufficient to 
result in a peak blood concentration of at least 200-400 nM 
antisense oligomer. 

0147 In general, the method comprises administering to 
a Subject, in a Suitable pharmaceutical carrier, an amount of 
a CD86 antisense oligomer, e.g., morpholino oligomer, 
effective to inhibit expression of CD86 and increase expres 
Sion of IL-10 in dendritic cells. 

0148 Effective delivery of an antisense oligomer to the 
target nucleic acid is an important aspect of the methods 
described herein. In accordance with the invention, Such 
routes of antisense oligomer delivery include, but are not 
limited to, inhalation; transdermal delivery; various SyS 
temic routes, including oral and parenteral routes, e.g., 
intravenous, Subcutaneous, intraperitoneal, or intramuscular 
delivery. 
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0149. It is appreciated that any methods which are effec 
tive to deliver a CD86 PMO to the cells of an allogeneic 
transplant or to introduce the agent into the bloodstream are 
also contemplated. 

0150. 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 treat 
ment. 

0151. It will be understood that an effective in vivo 
treatment regimen using a CD86 antisense compound in the 
methods of the invention will vary according to the fre 
quency and route of administration as well as the condition 
of the Subject under treatment. Accordingly, Such in vivo 
therapy will generally require monitoring by tests appropri 
ate to the condition being treated and a corresponding 
adjustment in the dose or treatment regimen in order to 
achieve an optimal therapeutic outcome. 

0152 C. EX Vivo Treatment of Human Dendritic Cells 
0153. 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. Studies in Several 
Systems have demonstrated that when dendritic cells are 
pulsed with antigens eX Vivo, and these cells are Subse 
quently readministered to the human subject from whom 
they were isolated, Specific immunity can be established 
(Lu, Arraes et al. 2004; Mohamadzadeh and Luftig 2004). A 
Similar Strategy can be used to establish, ex vivo, a tolero 
genic population of dendritic cells using the methods and 
compositions of the present invention. Dendritic cells are 
isolated from the peripheral blood of a human Subject using 
methods well-known to those skilled in the art. Growth and 
treatment of the dendritic cells with the relevant antigen and 
antisense CD86 antisense will induce the formation of 
dendritic cells that, upon readministration to the Subject, will 
condition the dendritic cells to induce a T-cell response that 
Suppresses the antigen-Specific immunity. This application 
of the method is particularly useful in treating an autoim 
mune disorder where the immune System is reacting inap 
propriately 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 Sclero 
sis (MS). Myelin basic protein (MBP) and proteolipid pro 
tein (PLP) are host proteins which are thought to be the key 
antigens in the etiology of this autoimmune disease (Shevac 
2002). 
0154 D. Administration of Anti-CD86 Antisense Oligo 
CS 

O155 Transdermal delivery of an antisense oligomer may 
be accomplished by use of a pharmaceutically acceptable 
carrier. One example of morpholino oligomer delivery is 
described in PCT patent application WO 97/40854, incor 
porated herein by reference. 

0156. In one preferred embodiment, the oligomer is an 
anti-CD86 morpholino oligomer, contained in a pharmaceu 
tically acceptable carrier, and delivered orally. In a further 
aspect of this embodiment, the antisense oligomer is admin 
istered at regular intervals for a short time period, e.g., daily 
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for two weeks or leSS. However, in Some cases the antisense 
oligomer is administered intermittently over a longer period 
of time. 

O157. It follows that a morpholino antisense oligonucle 
otide composition may be administered in any convenient 
vehicle, which is physiologically acceptable. Such an oli 
gonucleotide composition may include any of a variety of 
Standard pharmaceutically accepted carriers employed by 
those of ordinary skill in the art. Examples of Such phar 
maceutical carriers include, but are not limited to, Saline, 
phosphate buffered Saline (PBS), water, acqueous ethanol, 
emulsions Such as oil/water emulsions, triglyceride emul 
Sions, wetting agents, tablets and capsules. It will be under 
stood that the choice of Suitable physiologically acceptable 
carrier will vary dependent upon the chosen mode of admin 
istration. 

0158. In some instances liposomes may be employed to 
facilitate uptake of an antisense oligonucleotide into cells. 
(See, e.g., Williams, 1996; Lappalainen, et al., 1994; Uhl 
mann, et al., 1990; Gregoriadis, 1979.) Hydrogels may also 
be used as vehicles for antisense oligomer administration, 
for example, as described in WO93/01286. Alternatively, an 
oligonucleotide may be administered in microSpheres or 
microparticles. (See, e.g., Wu et al., 1987). 
0159 Sustained release compositions are also contem 
plated within the Scope of this application. These may 
include Semipermeable polymeric matrices in the form of 
shaped articles Such as films or microcapsules. 
0160 E. Monitoring Treatment 
0.161 The efficacy of a given therapeutic regimen involv 
ing the methods described herein, may be monitored, e.g., by 
conventional FACS assays for the phenotype of cells in the 
circulation of the Subject under treatment or cells in culture. 
Such analysis is useful to monitor changes in the numbers of 
cells of various lineages, in particular, activated T and B 
cells in response to an allogeneic transplant. 
0162 Phenotypic analysis is generally carried out using 
monoclonal antibodies Specific to the cell type being ana 
lyzed. The use of monoclonal antibodies in Such phenotypic 
analyses is routinely employed by those of skill in the art for 
cellular analyses and monoclonal antibodies Specific to 
particular cell types are commercially available. 

0163 The CD86 PMO treatment regimen may be 
adjusted (dose, frequency, route, etc.), as indicated, based on 
the results of the phenotypic and biological assays described 
above. 

0164. From the foregoing, it will be appreciated how 
various objects and features of the invention are met. The 
specific blockade of dendritic cell activation of T cells 
capable of rejecting transplanted tissues is an important 
therapy for numerous human diseases where immunological 
tolerance is beneficial. The present invention provides a 
method of Specifically blocking the activation of these cells 
through the use of antisense oligomers designed to inhibit 
CD86 expression, or specific portions of CD86, during the 
Stage of antigen-Specific activation and the generation of 
anergic, tolerized T cells. AntiSense CD86 mediated Sup 
pression of either chronically activated T cells (i.e. autoim 
munity) or naive T cell responding to alloantigens (trans 
plantation) provides a potent and specific therapeutic effect. 
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0.165 Additionally, this treatment method is long lived 
because the immune System is unable to replenish antigen 
Specific T cell clones once the precursor population is 
removed from the T cell repertoire. In addition, by specifi 
cally targeting the antisense CD86 oligomer to mature 
dendritic cells, immature dendritic cells would be unaf 
fected, allowing for the patient to respond normally to 
foreign antigens as Soon as the therapy is withdrawn. More 
over, the immune Status of the patient prior to the antisense 
CD86 therapy (e.g. immunity provided by previous vacci 
nations or infections) would remain intact. 
0166 The following examples illustrate but are not 
intended in any way to limit the invention. 

0167 Materials and Methods 
0168 A. Antisense Oligomers and Peptide Conjugates 
0169 PMO synthesis, peptide conjugation and purifica 
tion were preformed at AVI BioPharma Inc. (Corvallis, 
Oreg.) as previously described (Summerton and Weller 
1997). Oligomer sequences were designed to either block 
translation by binding to bases Surrounding the AUG Start 
site (CAT) or alter RNA splicing by blocking splice donor or 
Splice acceptor Sites, Sa or Sd, respectively. An oligomer with 
the same base composition of the B7-2 (AUG) in a 
Scrambled order was Synthesized to Serve as a control for 
oligomer treatment. B7-1 and B7-2 antisense oligomer 
Sequences were designed using Genbank Sequences acces 
sion numbers X60958 and U39459-66, respectively, The 
PMO sequences and designations are as follows; B7-1 
(AUG) 5'-GCAAGCCATAGCTTC AGATGC-3' (SEQID 
NO:29), B7-2(AUG) 5'-CT GGG GTC CAT CGT GGG 
TGC-3'(SEQ ID NO: 15), EXON 7sa 5'-GCG TCTCCA 
CGG AAACAG C-3' (SEQ ID NO:17), EXON 9sd5'-CCT 
GCT MG CTG ATT CGG C-3' (SEQ ID NO:18), EXON 
10sa 5'-AGA GGC TGT GTT GCT GGG C-3' (SEQ ID 
NO:19), EXON 11 sa 5'-CACTCT GCATTT GGTTTC-3' 
(SEQ ID NO:20), SCRAMBLE 5'-CGT GGT GCA CTG 
CGT GTG GC-3' (SEQ ID NO:30), 705-FL 5'-CCT CTT 
ACC TCA GTT ACA-FL-3' (SEQ ID NO:31). The 3' 
fluorescein conjugated oligomer 705-FL targets an irrelevant 
gene (human b-globin intron 2) and was used to analyze the 
intracellular delivery properties of different peptides into 
cultured DCs. Three different arginine rich peptide 
Sequences were conjugated Separately to the PMOS used in 
this study; P002=N-RRRQRRKKRGYC-CONH. (SEQ ID 
NO:1), P003-N-RRRRRRRRRFFC-CONH(SEQ ID 
NO:2) and P005=N-RRRQRRKKRGYFFC-CONH. (SEQ 
ID NO:3). 
0170 B. Generation and Culturing of Bone Marrow 
Derived DCS 

0171 Murine DCs were generated by culturing marrow 
flushed from the femur and tibia of female BALB/c mice 
obtained from Jackson Laboratory aged 6-12 weeks. The 
marrow was minced through a 70 micron nylon cell Strainer 
(BD Falcon) and washed twice after centrifugation in 
DMEM+1% fetal bovine serum (FBS) and penicillin strep 
tomycin and glutamine (PSG). Cell Suspension were made 
in culture medium (RPMI-10% FBS, PSG and 5x10 M 
2-mecapotoethanol) Supplemented with recombinant mouse 
GM-CSF (eBioscience) 25 ng/ml) and seeded onto a 100 
mm bacteriological Petri dish (Falcon) at 2x10 cells/ml. 
After 3 days an additional 5 ml of fresh medium was added 
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containing GM-CSF. The culture Supernatant was removed 
on the 6" day and centrifuged to recover any dislodged cells. 
The cell pellet was suspended in 10 ml fresh media with 
GM-CSF, placed back on to the original 100 mm dish and 
cultured for an additional 2-4 days prior to treatment with 
PMO. 

0172. Non-adherent cells were harvested by gentle pipet 
ting of the medium which was then transferred to a tube for 
centrifugation at room temperature. The cell pellet was 
washed twice and then enumerated. The wells of a 12 well 
plate were seeded with 1.5 ml 5x10 cells/ml) in fresh 
culture medium containing GM-CSF. PMO working stock 
1 mM in sterile water was added directly to the wells to 
obtain a final concentration ranging from 2-20 uM 2-4 hours 
prior to inducing maturation. Control culture wells were 
treated with the equivalent amount of sterile water. Matu 
ration was induced by the addition of lipopolysaccharide 
(LPS) E. coli 026:B6 (Sigma) (1 lug/ml) or anti-CD40 
(eBioscience) at 5 ug/ml for 16 hours following PMO 
treatment. Culture conditions to block binding of cell asso 
ciated ligand to B7 molecules was carried out by addition of 
5 lug/ml) recombinant chimeric CTLA-4 FC non-cytolytic 
molecule (Chimerigen Allston, Mass.). Cultures used for 
analysis of IL-4 and IL-12 cytokine production were treated 
with 1 ul of the protein transport inhibitor brefeldin A 
GolgiPlug (BD Pharmingen) for the last 4 hrs of incubation. 
0173 C. Flow Cytometric Analysis 

0.174 Cells were removed from culture wells by scrap 
ping with a 25 cm cell Scraper (Sarstedt) and rinsing with 1 
ml cold FACS buffer PBS+2% FBS+0.2% sodium azide). 
The cells were washed twice in cold FACS buffer after 
centrifugation and Suspended in 50 ml FACS buffer con 
taining 1 lug anti-mouse CD16/CD32 FC blocking antibody 
(eBioscience) for 15 min on ice. The FC blocked samples 
were centrifuged and Suspended in 50 ml antibody Staining 
reagent for 30 min on ice. The Surface Staining reagents used 
were; CD111c-APC (BD Bioscience) and CD86-PE, CD86 
FITC and CD80-PE (eBioscience) diluted in 50 ml cold 
FACS buffer. Stains were combined in the 50 ml when dual 
Surface Staining was needed for analysis. Cells were washed 
thrice by centrifugation in FACS buffer prior to analysis or 
use in additional Staining procedures. 
0175 Intracellular cytokine staining was performed 
immediately following Surface Staining and washes. The 
cells were fixed and permeabilized in 100 ul Cytofix/ 
Cytoperm (Pharmingen) buffer for 20 min on ice. Cell 
pellets were suspended in 50 ul of 1x PermNVash buffer 
(Pharmingen) containing either IL-10-FITC or IL-12-APC 
and IL-4-FITC (Pharmingen) and incubated for 30 min on 
ice. The cells were washed thrice and suspended in 300 ml 
FACS buffer prior collection of flow cytometric data on a 
FACS caliber cytometer (Becton Dickinson). Cytometric 
data was analyzed using FCS Express Software (Denovo 
Software). 
0176) D. RT-PCR 
0177. After treatment with PMO conjugates for 4 hours 
and then for 16 hours with LPS 1.0 lug/ml) total cellular 
RNA was isolated from the cultured cells using RNAeasy 
Mini kit (Qiagen) according to manufacture's instructions. 
The isolated RNA was treated with RNAse free DNAse I (2 
U) for 30 min at 37° C. to eliminate contaminating genomic 
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DNA followed by heating to 70° C. for 20 min to inactiva 
tion the enzyme. This material was used as template for 
Single-tube reverse transcription and polymerase chain reac 
tion using SuperScript One-Step RT-PCR with Platinum Taq 
enzyme (Invitrogen). Primers spanning 870 bp of the B7-2 
mRNA, forward primer 5'-GGCAATCCTTATCTTTGTGA 
CAGTC-3' and reverse primer: 5'-TTTGCTGMGC 
MTTTGGGG-3' were used to examine splice altering activ 
ity of the PMOs. Primers to detect mouse IL-10 mRNA 
forward primer 5'-GATCCAGGGATCTTAGCTMCGG-3' 
and reverse primer 5'-TTCTCTTCCCMGACCCATGAGT 
3' spanning 406 bp were derived from the Genbank sequence 
accession number NM 01.0548 bases 675-1081. 

0.178 The resulting amplicons were fractionated on an 
EtBr stained 3.0% agarose gel to determine size. Altered 
Splicing patterns and continuity of the open reading frames 
were confirmed by Sequencing after insertion into plasmid 
vector using the TOPOTA cloning kit according to manu 
facture's instructions (Invitrogen). At least three clones 
harboring the different amplicons were examined. Identity 
and Sequence alignments were performed by BLAST Search 
analysis. 

EXAMPLE 1. 

Arginine-Rich Peptides Enhance Uptake of 
Oligomers into Mature Dendritic Cells 

0179 Delivery of antisense molecules without substan 
tial manipulation of the cellular membrane has been an 
impediment to targeting gene expression in DCS and other 
immune cell types. These procedures often result in exten 
Sive damage to the membrane allowing for only short lived 
experiments to be conducted. Numerous arginine-rich pep 
tides were examined as to their ability to deliver oligomers 
to various cell types with no manipulation beyond direct 
addition to cells cultured under normal conditions. The PMO 
chemical Structure and peptides used in this Study are shown 
in FIG. 4. PMO synthesis and conjugation of peptides and 
or fluorescein were carried out at AVI BioPharma as previ 
ously described (Summerton and Weller 1997; Moulton, 
Hase et al. 2003; Moulton, Nelson et al. 2004). The arginine 
rich peptides shown in FIG. 4 are among several that have 
been shown to enhance cellular uptake. 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. 
0180. Using a fluorescein linked PMO, FIG. 5 shows that 
bone marrow derived DCs readily take up PMO conjugates 
of the P003 peptide (FIG. 5, SEQ ID NO:2). In the experi 
ment represented in this figure an irrelevant control PMO 
(705, 5'-CCTCTTACCTCAGTTACA-3) was used to mea 
Sure uptake of unconjugated and peptide-conjugated PMOS 
into DCs. Peptides with similar amino acid content but 
varied sequence such as P005 (SEQ ID NO:3) perform 
similarly. Surprisingly, when PMO conjugates of P002 pep 
tide (SEQ ID NO:1) were tested it was observed that uptake 
into DCS was enhanced after Stimulation with lipopolysac 
charide (LPS) compared to untreated or immature DCs 
(FIG. 5). 
0181. The data presented in FIG. 5 were obtained using 
murine DCs obtained from murine bone marrow cells cul 
tured for 8 days in RPMI-10% FBS supplemented with 
granulocyte macrophage colony Stimulating factor (GM 
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CSF) (25 ng/ml) and treated in duplicate wells with either 
naked or peptide conjugated PMO 705 5 mM linked to 
fluorescein. One well for each oligomer treatment received 
LPS 1 mg/ml). The cells were cultured for 16 hrs and then 
harvested, washed 3 times with PBS, stained with CD11 
c-APC and analyzed by flow cytometry. The histogram 
indicates the level of fluorescein in the CD11c positive (i.e. 
mature DC) cell population. 

EXAMPLE 2 

Antisense Inhibition of CD86 Expression Also 
Alters CD80 Expression 

0182 To determine if the enhanced uptake of the PMO 
into DCS provided by the peptide conjugates would translate 
into functional antisense activity we chose to Synthesize 
oligomers targeting the translational start site of CD86 (B7-2 
AUG1, SEQ ID NO:15) and a sequence scrambled control 
oligomer (5'-CGTGGTGCACTGCGTGTGGC-3"). A con 
siderable reduction in the level of CD86 (B7-2) was 
observed in cultured DCs after treatment with the sequence 
specific oligomer and LPS compared to controls (FIG. 6, top 
histogram). However, when a measure of the level of CD80 
(B7-1) was made under the same conditions it was observed 
that a significant reduction was produced in the cultures 
treated with antisense to CD86 compared to controls (FIG. 
6, bottom histogram). This was unexpected since the CD86 
sequence shares little homology with that of CD80 and 
considerably low levels of homology around the transla 
tional start site. Nearly identical results were observed with 
regards to a reduction in CD80 when an oligomer targeting 
a different sequence (B7-2 AUG2, SEQ ID NO:16) Sur 
rounding the CD86 translational start site was used (data not 
shown). 
0183 The data in FIG. 6 were generated using bone 
marrow derived DCs treated in duplicate with either P002 
peptide conjugated PMO 20 mM) antisense to CD86 (SEQ 
ID NO: 15), scrambled PMO sequence (5'-CGTGGTG 
CACTGCGTGTGGC-3', SEQ ID NO:30) or media alone 
for 4 hours. LPS 1.0 mg/ml) was then added to all cultures 
for 16 hours. The cells were washed, stained with CD11c 
APC antibody (i.e. specific for mature DCs) and either 
anti-mouse CD80-PE or CD86-PE antibodies and analyzed 
by flow cytometry. 

EXAMPLE 3 

Increased DC IL-10 Production is Linked to 
Diminished CD86 Expression and Not Ligand 

Interaction 

0184. In light of the results seen in Example 2 we 
examined the cytokine production profile of the CD86 
antisense treated DCs. IL-4 and IL-12 production was not 
significantly altered in the DCs receiving the B7-2 AUG1 
CD86 antisense oligomer (SEQ ID NO:15) compared to 
controls (data not shown). However, IL-10 production was 
evident when DCs were treated with a maturation stimulus 
such as LPS in conjunction with the CD86 antisense oligo 
mer-P002 conjugate (SEQ ID NO:15) and not the P002 
peptide alone or a Scrambled control Sequence conjugated to 
P002 as shown in Table 3 below. The same result was seen 
when other delivery peptides were used with SEQID NO:15 
or alternate Sequences targeting the translational Start Site 
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(SEQ ID NO:16). Furthermore, IL-10 staining was detect 
able when the DCs were not permeabilized indicating that 
IL-10 was being secreted from the cells where it could exert 
an autocrine or paracrine effect (data not shown). 

TABLE 3 

Inhibition of CD86 Induces IL-10 Production 
in LPS-treated Dendritic Cells 

%. DCs %. DCs 
Treatment CD86 Positive IL10 Positive 

Control (No LPS) 6.92 O.10 
P002 Peptide (No LPS) 6.47 O.10 
Scramble-POO2 + LPS 13.4 0.75 
B7-2 AUG1(SEQ ID NO: 15)- 2.26 21.1 
POO2(SEQ ID NO: 1) + LPS 

0185. The data presented in Table 3 was generated using 
murine bone marrow derived DCs treated in duplicate with 
either P002 peptide (SEQ ID NO: 1) alone, P002 conjugated 
to PMO antisense CD86 (SEQ ID NO:15) or scrambled 
PMO sequence (5'-CGTGGTGCACTGCGTGTGGC-3', 
SEQ ID NO:30) at 20 mM or media alone for 4 hours. LPS 
1.0 mg/ml) was then added to the appropriate cultures for 
16 hours. The cell were washed, FC blocked, then stained 
with antibody specific for mature DCs (CD11c-APC) and 
antibody specific for CD86 (CD86-PE). Intracellular stain 
ing with anti-IL-10-FITC antibody was carried out after 
fixation and permeabilization of the cells. The numbers 
indicate the percentage of CD11c positive cells (mature 
DCs) staining positive for IL-10 and CD86 respectively. 

0186 We also examined whether the regulation of IL-10 
in the mature DCS was due to the loSS of Some interaction 
with a yet unknown ligand that is present in bone marrow 
derived DCs cultures or whether it might be due to the loss 
of control through the absences of CD86 (B7-2). A recom 
binant form of the CTLA-4 molecule, a receptor on T cells 
for CD86, was used to block interactions of the CD86 
molecule in cultured DCs. DCs receiving this treatment 
were compared to CD86 antisense-treated DCs as to the 
levels of IL-10 produced under two different conditions of 
DCs maturation. DCs received a maturation stimulus from 
either LPS or anti-CD40 and were then stained for intrac 
ellular IL-10. Under either maturation condition IL-10 was 
only significantly produced in the P002-conjugated CD86 
antisense (SEQID NO: 15) treated cells compared to control 
untreated cells (FIG. 7). This suggests that the regulation of 
IL-10 production in maturing DCs is linked to levels of 
CD86 expression and not those of CD86 interactions with a 
ligand. 

0187. The data in FIG. 7, which shows blocking CD86 
interactions does not lead to IL-10 expression in bone 
marrow derived DCs, were generated by treatment of murine 
bone marrow DCs in duplicate with either media alone, 
antisense CD86-P003 conjugate 2 mM) or CTLA-4 Ig 5.0 
mg/ml for 4 hours. One of the duplicate cultures was treated 
with LPS 1.0 mg/ml) and the other with anti-CD405.0 
mg/ml for 16 hours to induce maturation. The cells were 
washed, FC blocked, Surface stained for CD11c-APC, fixed 
and permeabilized for intracellular staining with anti-IL-10 
FITC. Samples were analyzed by flow cytometry gating on 
CD11c positive cells. 



US 2005/0234002 A1 

EXAMPLE 4 

Regulation of IL-10 Production in Mature DCs 
Controlled Through CD86 Exon 10 

0188 To further examine the question regarding the role 
of CD86 in the regulation of IL-10 production in maturing 
DCs we determined what components of the CD86 polypep 
tide might be responsible. The approach taken was to 
Systematically alter the CD86 protein by limiting expression 
of either intracellular or extracellular polypeptide domains. 
This was done by using antisense oligomers with Sequences 
targeting Splice Sites within the unprocessed message 
thereby forcing alterations in the mature message to exclude 
particular exons (Target and targeting sequences are shown 
in Table 1 and Table 2, respectively). 
0189 Employing RT-PCR on total RNA isolated from 
murine DCs treated with the different oligomers shows that 
the predicted alterations to the CD86 mRNA could be 
achieved (FIGS. 8A and 8B). Some cloned sequences 
exhibited an alternative Splice acceptor Site in Exon 8 which 
has been shown to be used in normal APCs (Borriello, 
Oliveros et al. 1995). 
0190. The data in FIGS. 8A and 8B demonstrate that 
antisense targeting of Splice donor or Splice acceptor Sites 
alters CD86 mRNA. The data were generated using bone 
marrow derived DCs treated with 10 mM) of either P002 
CD86 (SEQ ID NO:15) antisense PMO or scramble PMO 
peptide conjugates or P005 PMO peptide conjugates target 
ing splice junction sites for exons 7, 9, 10 and 11 (SEQ ID 
NOS: 17, 18, 19 and 20, respectively) for 4 hours and then 
treated for 16 hours with LPS 1.0 mg/ml). Total RNA was 
isolated from each culture, treated with DNASe free RNAse 
and used as template material for Single-tube reverse tran 
Scription and polymerase chain reaction using primerS Span 
ning an 870 base pair region on the CD86 mRNA. As shown 
in FIG. 8A, the reaction material was fractionated on an 
EtBr stained 3.0% agarose gel to determine the size of the 
resulting amplicons. FIG. 8B shows a schematic of the 
altered splicing patterns that were observed. The continuity 
of the open reading frames were confirmed by Sequencing 
various clones of the amplicons after insertion into plasmid 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 33 

<210> SEQ ID NO 1 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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DNA vector. A schematic representation of some of the 
cloned sequences is shown in FIG. 8B by lines aligned with 
the wild type CD86 map. The intervening black lines depict 
regions where splicing was altered. The relative positions of 
the PMOs and the PCR primers are also shown. 

EXAMPLE 5 

Inhibition of CD86 or CD86 Exon 10 Expression 
Alters Morphology of LPS-Treated DCs 

0191 In addition to molecular evidence of the effect of 
the Splice altering oligomers as described in Example 4, 
phenotypic changes in the treated DCS were also observed. 
Specifically, DCs treated with the Exon 10 antisense oligo 
mer (SEQ ID NO: 19) exhibited the greatest production of 
IL-10 and maintained an immature phenotype when exposed 
to LPS (Table 4, below and FIG. 9, respectively). Table 4, 
shows that antisense PMO designed to block Exon 10 
expression induces IL-10 in mature dendritic cells. FIG. 9 
shows that inhibition of CD86 or Exon 10 expression alters 
the morphology of LPS treated DCs. In this experiment, 
bone marrow derived DCs were treated as previously 
described in Example 4. Prior to staining for flow cytometry 
the cultured DCs were imaged by light microscopy. The 
forward and Side light Scattering properties of each culture 
are shown to the right of each image. 

TABLE 4 

Exon 10 of the CD86 Gene Regulates IL-10 production in 
Mature Dendritic Cells 

%. DCs %. DCs 
Treatment CD86 Positive IL10 Positive 

Control 10.40 O.30 
Control (+ LPS) 33.81 O.O7 
B7-2 AUG (SEQ ID NO: 15) + LPS 17.93 2.06 
EXON 9sd (SEQ ID NO: 18) + LPS 26.62 148 
EXON 10sa (SEQ ID NO: 19) + LPS 13.36 4.04 
EXON 11sa (SEQ ID NO: 20) + LPS 5.06 O.65 

0192) 

<223> OTHER INFORMATION: The reverse of a TAT sequence from the Human 
immunodeficiency virus type 1 

<400 SEQUENCE: 1 

Arg Arg Arg Glin Arg Arg Lys Lys Arg Gly Tyr Cys 
1 5 10 

<210> SEQ ID NO 2 
<211& LENGTH: 12 
&212> TYPE PRT 



US 2005/0234002 A1 Oct. 20, 2005 
16 

-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic arginine-rich peptide 

<400 SEQUENCE: 2 

Arg Arg Arg Arg Arg Arg Arg Arg Arg Phe Phe Cys 
1 5 10 

<210> SEQ ID NO 3 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic arginine-rich peptide 

<400 SEQUENCE: 3 

Arg Arg Arg Arg Arg Phe Phe Arg Arg Arg Arg Cys 
1 5 10 

<210> SEQ ID NO 4 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 4 

cggaag cacc cac gatggac cocag 25 

<21 Oc 
<211 

EQ ID NO 5 
ENGTH 19 
YPE DNA 
RGANISM: Mus musculus : 

<400 SEQUENCE: 5 

gctgtttc.cg toggagacgc 19 

EQ ID NO 6 
ENGTH 19 
YPE DNA 
RGANISM: Mus musculus 

<400 SEQUENCE: 6 

gcc gaatcag cittagcagg 19 

<210 SEQ ID NO 7 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 7 

gcc.ca.gcaac acagoctot 19 

<210 SEQ ID NO 8 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 8 

gaalaccaaat gcagagtg 18 

<210 SEQ ID NO 9 
&2 11s LENGTH 46 
&212> TYPE DNA 



US 2005/0234002 A1 
17 

-continued 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 9 

catttgttgac agcactatog gactgagtaa cattctottt gtgatg 46 

<210> SEQ ID NO 10 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 10 

agcttgagga cccitcago: ct c 21 

<210> SEQ ID NO 11 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

gcct cqcaac tottataaat gtg 23 

<210> SEQ ID NO 12 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 12 

galacca acac aatggagagg ga 22 

<210> SEQ ID NO 13 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 13 

gagtgaacag accaagaaaa g 21 

<210> SEQ ID NO 14 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 14 

agaaaaaatc catatacctg aa 22 

<210 SEQ ID NO 15 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense oligomer sequence directed against 
SEQ ID NO: 4 

<400 SEQUENCE: 15 

Ctggggtoca togtoggtgc 20 

<210> SEQ ID NO 16 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 
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SEQ ID NO: 4 

<400 SEQUENCE: 16 

gggg to catc gtgggtgctt cog 23 

<210 SEQ ID NO 17 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO:5 

<400 SEQUENCE: 17 

gc gtc.tccac ggaaacago 19 

<210> SEQ ID NO 18 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 6 

<400 SEQUENCE: 18 

cctgctaagc tigattcggc 19 

<210 SEQ ID NO 19 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense oligomer sequence directed against 
SEQ ID NO: 7 

<400 SEQUENCE: 19 

agaggctgtg ttgctgggc 19 

<210> SEQ ID NO 20 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 8 

<400 SEQUENCE: 20 

cactctgcat ttggitttc 18 

<210> SEQ ID NO 21 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 9 

<400 SEQUENCE: 21 

gttacticagt cocatagtgc tig 22 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 9 

<400 SEQUENCE: 22 

ccatagtgct gtcacaaatg 20 

<210> SEQ ID NO 23 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 9 

<400 SEQUENCE: 23 

gaatgttact cagtcc cata g 21 

<210> SEQ ID NO 24 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense oligomer sequence directed against 
SEQ ID NO : 10 

<400 SEQUENCE: 24 

gaggct gagg gtcCtcaa.gc t 21 

<210> SEQ ID NO 25 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO : 11 

<400 SEQUENCE: 25 

cacatttata agagttgcga ggc 23 

<210> SEQ ID NO 26 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO:12 

<400 SEQUENCE: 26 

toccitctoca ttgttgttggit to 22 

<210 SEQ ID NO 27 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO : 13 

<400 SEQUENCE: 27 

cittittcttgg totgttcact c 21 

<210> SEQ ID NO 28 
<211& LENGTH 22 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

SEQ ID NO: 14 

<400 SEQUENCE: 28 

ttcaggtata toggattittitt ct 22 

<210 SEQ ID NO 29 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

the start site of mouse B7-1 transcript 

<400 SEQUENCE: 29 

gcaa.gc.cata gottcagatg c 21 

<210 SEQ ID NO 30 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: A scrambled antisense oligomer sequence 

<400 SEQUENCE: 30 

Cgtggtgcac togCgtgtggC 20 

<210> SEQ ID NO 31 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence conjugated to 

fluorescein at the 3' end and directed against human b-globin 
intron 2 

<400 SEQUENCE: 31 

cctottacct cagttaca 18 

<210> SEQ ID NO 32 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense oligomer sequence directed against 

the start site of human CD86 transcript 

<400 SEQUENCE: 32 

catcacaaag agaatgttac to 22 

<210 SEQ ID NO 33 
&2 11s LENGTH 27.17 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 33 

aggagc citta ggaggtacgg ggagctogca aatactccitt ttggitttatt cittaccacct 60 

tgcttctgtg titcCttggga atgctgctgt gct tatgcat citggtotcitt tittggagcta 120 

cagtggacag goatttgttga cagdactato ggactgagta acattcticitt totgatggcc 18O 
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titcc togctict citggtgctgc ticcitctgaag attcaagctt atttcaatga gactgcagac 240 

citgc catgcc aatttgcaaa citctoaaaac caaag.cctga gtgagctagt agtattittgg 3OO 

caggaccagg aaaacttggit totgaatgag gtatact tag goaaaga gaa atttgacagt 360 

gttcattcca agtatatggg cc.gcacaagt tittgatticgg acagttggac cotgagacitt 420 

cacaatctitc agatcaagga caagggcttg tat caatgta totato catca caaaaag.ccc 480 

acaggaatga titcgcatcca coagatgaat totgaactgt cagtgcttgc talactitcagt 540 

caacctgaaa tagtacca at ttctaatata acagaaaatg totacataaa tittgacct gc 600 

to atctatac acggittaccc agaacctaag aagatgagtg ttittgctaag aaccaagaat 660 

tdaactatog agtatgatgg tattatgcag aaatctoaag ataatgtcac agaactgtac 720 

gacgtttcca toagcttgtc. tatttcattc cct gatgtta cq agcaatat gaccatctitc 78O 

tgtattotgg aaactgacaa gacgcggctt ttatcttcac citttctotat agagctt gag 840 

gaccctcago citcccccaga ccacattcct taggattacag citgtactitcc aacagttatt 9 OO 

atatgtgttga tiggittittctg. tctaattcta toggaaatgga agaagaagaa goggcctic go 96.O 

aact cittata aatgtggaac caacacaatg gagagggaag agagtgaac a gaccalagaaa O20 

agagaaaaaa to catatacct gaaagatct gatgaagccc agcgtgttitt taaaagttcg O8O 

aaga catctt catgcgacaa aagtgataca totttittaat taaagagtaa agcc.cataca 14 O 

agtattoatt ttittctacco tittcctttgt aagttcctgg gcaaccttitt to atttctitc 200 

caga aggcaa aaagacatta coatgagtaa taagggggct coaggacitcc citctaagtgg 260 

aatagoctoc cittaacticc agctotgcto cqtatgccala gaggagacitt taattct citt 320 

actgcttctt ttcactitcag agcacactta toggccaagc ccagottaat ggctdatgac 38O 

citggaaataa aatttagg ac caatacctcc tocag atcag attcttctot taattitcata 4 40 

gattgttgttt ttttittaaat agaccitctda atttctggaa aactgccttt tatctg.ccca 5 OO 

gaattctaag citggtgcc cc actgaatctt gtgtacctgt gactaaacaa citaccto citc 560 

agtctgggtg ggacittatgt atttatgacc titatagtgtt aatat cittga aacatagaga 62O 

totatotact gtaatagtgt gattactato citctagagaa aagtc.taccc citgctaagga 680 

gttcto atcc citctgtcagg gtcagtaagg aaaacggtgg cctagggitac aggcaacaat 740 

gag cagacca accitaa attt goggaaatta ggagagg cag agatagalacc toggagcc act 800 

totatotggg citgttgctaa tattgaggag gottgc.ccca cccaacaagc catagtggag 860 

agaactgaat aaa.caggaaa atgccagagc titgtgaacco totttcticitt gaagaactoga 920 

citagtgagat ggcctgggga agctgttgaaa galaccaaaag agatcacaat actcaaaaga 98O 

gagagagaga gaaaaaagag agatcttgat coacagaaat acatgaaatg totggtotgt 20 40 

ccacco catc aacaagtc.tt gaaacaag.ca acagatggat agtctgtc.ca aatggacata 2100 

agacagacag cagtttcc ct ggtggtoagg gaggggttitt gotgataccc aagttattgg 216 O 

gatgtcatct tcc toggaagc agagctgggg agg gaga.gcc atcaccittga taatgggatg 2220 

aatggaagga ggcttaggac titt coacticc togct gagag aggaagagct gcaacggaat 228O 

taggaag acc aagacacaga to accogggg cittacittagc ctacagatgt cottacgggaa 234. O 

cgtgggctgg cccago atag ggctagoaaa tittgagttgg atgattgttt ttgctica agg 24 OO 

calaccagagg aaacttgcat acagagacag atatactggg agaaatgact ttgaaaacct 2460 
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ggctictaagg toggat cact aagggatggg gcagt citctg. cccaaacata aagagaactic 252O 

tggggagcct gagccacaaa aatgttcc tt tattt tatgt aaaccotcaa goggittataga 258O 

citgccatgct agacaagctt gtccatgitaa tattoccatg tttittaccct gcc.cctgcct 264 O 

tgattagact cottagcacct ggctagtttc talacatgttt totgcagdac agtttittaat 27 OO 

aaatgcttgt tacattc 2717 

It is claimed: 

1. 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 produc 
tion of extracellular IL-10, comprising 

(a) exposing a population of human dendritic cells to a 
Substantially uncharged antisense compound contain 
ing 12-40 Subunits and a base Sequence effective to 
hybridize to an expression-Sensitive region of a pre 
processed or processed human CD86 transcript identi 
fied, 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., 

(b) by Said forming, blocking expression of full-length 
CD86 in said cells, and 

(c) by Said blocking, producing inhibition of the expres 
sion of full-length CD86 on the surface of dendritic 
cells, and enhanced expression of extracellular IL-10 
by mature dendritic cells. 

2. The method of claim 1, wherein 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. 

3. The method of claim 2, wherein the morpholino Sub 
units in the compound to which the dendritic cells are 
exposed are joined by phosphorodiamidate linkages, in 
accordance with the Structure: 

ZEP-X 

Y1 

r P 

where Y=O, Z=O, P is a purine or pyrimidine base 
pairing moiety effective to bind, by base-specific hydrogen 
bonding, to a base in a polynucleotide, and X is alkyl, 
alkoxy, thioalkoxy, amino or alkyl amino, and Said hetero 
duplex structure formed in step (a) has a Tm of at least 50 
C. 

4. The method of claim 3, wherein X=NR, where each 
R is independently hydrogen or methyl in the compound to 
which the T cells are exposed. 

5. The method of claim 1, wherein the dendritic cells 
which are exposed to Said compound include mature den 
dritic cells, and said blocking step (b) is effective to enhance 
expression of extracellular IL-10 by the dendritic cells. 

6. The method of claim 1, wherein said compound is 
covalently linked, at one compound end, to an arginine-rich 
peptide effective to enhance uptake of Said compound into 
the dendritic cells. 

7. The method of claim 6, wherein said arginine-rich 
peptide has a Sequence Selected from the group consisting of 
SEO ID NOS: 1 and 2. 

8. The method of claim 6, wherein said dendritic cells 
which are exposed to Said compound include a mixture of 
immature and mature dendritic cells, Said arginine-rich 
peptide is an rTAT peptide having the Sequence identified by 
SEQ ID NO: 1, and the rTAT peptide is effective to achieve 
a greater level of intracellular uptake of the antisense com 
pound into the mature dendritic cells than is achieved (i) in 
the immature dendritic cells, or (ii) by exposing the mature 
dendritic cells to the antisense compound in the absence of 
the rTAT polypeptide. 

9. The method of claim 1, wherein said antisense com 
pound is effective to hybridize to a target region adjacent the 
start site of the processed human CD86 transcript, the 
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 by SEQ ID 
NO:9, and said blocking step (b) is effective to block 
translation of Said processed transcript. 

10. The method of claim 9, wherein the antisense com 
pound includes a base Sequence Selected from the group 
consisting of: SEQ ID NOS:21-23 and 32. 

11. The method of claim 1, wherein the antisense com 
pound is effective to hybridize to a splice site of prepro 
cessed human CD68, and has a base Sequence that is 
complementary to at least 12 contiguous bases of a splice 
Site in a preprocessed human CD86 transcript, and Said 
blocking Step (b) is effective to block processing of a 
preprocessed CD86 transcript to produce a full-length, pro 
cessed CD86 transcript. 

12. The method of claim 11, wherein the splice site in the 
preprocessed CD86 transcript has a Sequence Selected from 
the group consisting of: SEQ ID NOS:10-14. 

13. The method of claim 12, wherein the antisense com 
pound includes a base Sequence Selected from the group 
consisting of: SEQ ID NOS:24-28. 

14. The method of claim 1, for use in inhibiting trans 
plantation rejection in a human Subject receiving an allograft 
tissue or organ, wherein Said exposing includes administer 
ing the antisense compound to the Subject, in an amount 
effective to inhibit the rate and extent of rejection of the 
transplant. 
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15. The method of claim 14, wherein said administering 
is carried out both prior to and following the allograft tissue 
or organ transplantation in the Subject. 

16. The method of claim 14, wherein said administering 
is carried out for a Selected period of 1-3 weeks. 

17. The method of claim 16, which further includes 
further administering the antisense compound to the Subject, 
as needed, to control the extent of transplantation rejection 
in the Subject. 

18. The method of claim 1, for use in treating an autoim 
mune condition in a human Subject, wherein Said exposing 
includes administering the antisense compound to the Sub 
ject, in an amount effective to reduce the Severity of the 
autoimmune condition. 

19. The method of claim 18, wherein said administering 
is carried out over an extended period of time, as needed, to 
control the Severity of the autoimmune condition in the 
Subject. 

20. A method of inducing mature human dendritic cells to 
a condition of increased production of extracellular IL-10, 
comprising 

(a) exposing the population of cells containing mature 
dendritic cells to a Substantially uncharged antisense 
compound containing 12-40 Subunits and a base 
Sequence effective to hybridize to an expression-Sensi 
tive region of a preprocessed or processed human 
CD-86 transcript identified, 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., 

(b) by Said forming, blocking expression of full-length 
CD86 in said cells, and 

(c) by said blocking, enhancing expression of extracellu 
lar IL-10 by the mature dendritic cells. 

21. A composition for use in inducing dendritic cells to a 
condition of reduced capacity for antigen-Specific activation 
of T cells, and, in mature dendritic cells, increased produc 
tion of extracellular IL-10, Said conjugate comprising, 

a Substantially uncharged antisense compound containing 
12-40 subunits and a base sequence effective to hybrid 
ize to an expression-Sensitive region of a preprocessed 
or processed human CD-86 transcript identified, in its 
processed form, by SEQ ID NO:33, to form a hetero 
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duplex Structure between Said compound and transcript 
having a Tm of at least 45 C. 

22. The composition of claim 21, wherein the antisense 
compound is composed of phosphorus-containing interSub 
unit linkages joining a morpholino nitrogen of one Subunit 
to a 5' exocyclic carbon of an adjacent Subunit. 

23. The composition of claim 22, wherein the morpholino 
Subunits in the compound to which the dendritic cells are 
exposed are joined by phosphorodiamidate linkages, in 
accordance with the Structure: 

ZEP-X 

Y1 

r P 

where Y=O, Z=O, P is a purine or pyrimidine base 
pairing moiety effective to bind, by base-specific hydrogen 
bonding, to a base in a polynucleotide, and X is alkyl, 
alkoxy, thioalkoxy, amino or alkyl amino, and Said hetero 
duplex structure has a Tm of at least 50° C. 

24. The composition of claim 27, wherein X=NR, 
where each R is independently hydrogen or methyl in the 
compound to which the T cells are exposed. 

25. The composition of claim 21, which further includes 
an arginine-rich peptide covalently linked to one end of Said 
antisense compound, and Said peptide is effective to promote 
uptake of the composition into dendritic cells. 

26. The composition of claim 25, wherein Said arginine 
rich peptide is an rTAT peptide having the Sequence iden 
tified as SEQ ID NO: 1, and said peptide is effective to 
achieve a greater level of intracellular uptake of the anti 
Sense compound into the mature dendritic cells than is 
achieved (i) 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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