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METHODS FOR USING EXTRACELLULAR
ADENOSINE INHIBITORS AND ADENOSINE
RECEPTOR INHIBITORS TO ENHANCE
IMMUNE RESPONSE AND INFLAMMATION

calcium channels, and inhibits or stimulates pho sphoinositide

turnover through receptor-mediated mechanisms (Fredholm
and Dunwiddie, Trends Pharmacol. Sci. 9:130, 1988; Sebas
tiao et al., Br. J. Pharmacol. 100:55, 1990; Stiles, Clin. Res.
38:10, 1990; and Nakahata et al., J. Neurochem. 57:963,

CROSS REFERENCE TO RELATED
APPLICATIONS

1991). The cDNAs that encode the A1 , A2, andA3 adenosine

receptors have been cloned (Libert et al., Science 244:569,
1989; Maenhaet et al., Biochem. Biophys. Res. Commun.
173:1169, 1990; Libert et al., EMBO J 10:1677, 1991;
Mahan et al., Molecular Pharmacol. 40:1, 1991; Reppert et
al., Molec. Endo. 5:1037-1048, 1991; US. Pat. No. 5,441,
883). Molecular cloning of the adenosine receptors has
revealed that they belong to the superfamily of G-protein

This application is a divisional of US. application Ser. No.

10/498,416 ?led Jun. 10, 2004, US. Pat. No. 8,080,554,
which is the US. National Stage of International Application
No. PCT/U S02/ 36829 ?led Nov. 14, 2002, which claims
priority to US. Provisional Application Nos. 60/340,772 ?led
Dec. 12, 2001 and 60/342,585 ?led Dec. 19, 2001, all hereby

coupled receptors.

incorporated by reference in their entirety.
SUMMARY
FIELD

It is disclosed herein that adenosine receptors play a non

This application relates to the use of inhibitors of extracel
lular adenosine and/ or inhibitors of adenosine receptors, such

20

redundant role in down-regulation of in?ammation in vivo by
acting as a physiological “STOP” (a termination mechanism)

as adenosine receptor antagonists and agents that decrease

that can limit the immune response and thereby protect nor

formation or degrade extracellular adenosine, to enhance an

mal tissues form excessive immune damage during pathogen

immune response and in?ammation, and in some examples

esis of different diseases. Adenosine receptors, such as A2a,
A2b, and A3, are shown to down-regulate the immune
response during in?ammation and protect tissues from

modulate NF-kB activity.
25

BACKGROUND

immune damage. Inhibition of signaling through the adenos
ine receptor can be used to intensify and prolong the immune

The in?ammatory response helps eliminate harmful agents
from the body, but in?ammation is also a non-speci?c
response that can harm healthy tissue. There is a wide range of
pathogenic insults that can initiate an in?ammatory response

30

response.
Methods are provided herein to increase an immune
response. In one example, the method increases desirable and

targeted tissue damage, such as damage of a tumor, for
example cancer. Disclosed herein are methods of inhibiting

including infection, allergens, autoimmune stimuli, immune
response to transplanted tissue, noxious chemicals, and tox

one or more processes conducive to the production of extra

ins, ischemia/reperfusion, hypoxia, mechanical and thermal

cellular adeno sine and adenosine-triggered signaling through

trauma, as well as growth of tumors. In?ammation is nor

35

mally a localized action that results in expulsion or dilution of

immune response, local tissue in?ammation, and targeted
tissue destruction is accomplished by: inhibiting or reducing

a pathogenic agent, resulting in isolation of the damaging
agent and injured tissue. The cells involved in in?ammation
include leukocytes (i.e. the immune system cellsineutro

phils, eosinophils, lymphocytes, monocytes, basophils, mac

the adenosine-producing local tissue hypoxia; by degrading
(or rendering inactive) accumulated extracellular adenosine;
40

rophages, B cells, dendritic cells, granulocytes and mast
cells), the vascular endothelium, vascular smooth muscle
cells, ?broblasts, and myocytes.
Adenosine modulates diverse physiological functions

including induction of sedation, vasodilatation, suppression

naling by adeno sine ligands through adeno sine receptors. The
tration of agents that disrupt the “hypoxia—>adenosine
45

accumulationQimmunosuppressive adenosine receptor sig
naling to immune cells” pathway in subjects suffering from
various diseases (e.g. cancer and sepsis) can result in in vivo

lipolysis (see, Stiles, Trends Pharmacol. Sci. 7:486, 1986;
Williams, Ann. Rev. Pharmacol. Toxicol. 27:315, 1987; Ram
50

adenosine and some adenosine analogs that non-selectively

treatment of tumors or improved immunization.
In one example, the method includes administering one or
more inhibitors of extracellular adenosine and/or adenosine

receptor inhibitors, such as an adenosine receptor antagonist.

activate adenosine receptor subtypes decrease neutrophil pro
duction of in?ammatory oxidative products (Cronstein et al.,
Ann. N.Y.Acad. Sci. 451:291, 1985; Roberts et al., Biochem.
J.,227:669,1985;Schrier et al., J. Immunol. 137:3284,1986;
Cronstein et al., Clinical Immunol. Immunopalh. 42:76,

by preventing or decreasing expression of adenosine recep
tors on immune cells; and/or by inhibiting/antagonizing sig
results disclosed herein demonstrate that by in vivo adminis

of cardiac rate and contractility, inhibition of platelet aggre
gability, stimulation of gluconeogenesis and inhibition of

kumar et al., Prog. Drug. Res. 32:195, 1988). In addition,

adenosine receptors. For example, enhancement of an

To increase the e?icacy of a vaccine, one or more adenosine

receptor inhibitors and/or inhibitors of extracellular adenos
ine can be administered in conjunction with the vaccine. In
55 one example, one or more adenosine receptor inhibitors or

inhibitors of extracellular adenosine are administered to

1 987).

increase an immune response/in?ammation. In another

Based on biochemical and pharmacological criteria, four
subtypes of adenosine receptors have been differentiated:
A2a, A2b, A1, and A3. A1 and A3 inhibit, and A2a and A2b

example, a method is provided to achieve targeted tissue
damage, such as for tumor destruction.
60

stimulate, adenylate cyclase, respectively (Stiles, ibid; Will

BRIEF DESCRIPTION OF THE FIGURES

iams, ibid; see also US. Pat. No. 5,441,883 forA3 receptors).
Substantial progress has been made concerning the biochemi
cal and pharmacological properties of these adenosine recep
tors such as ligand binding characteristics, glycosylation, and
regulation. In addition to its effects on adenylate cyclase,

activated cAMP-elevating receptors or increases in cAMP are

adenosine opens potassium channels, reduces ?ux through

FIG. 1A is a bar graph showing that pharmacologically
65

capable of blocking in?ammation in vivo. The differences
between treated and untreated mice are statistically signi?
cant as indicated by the asterisk (*P<0.05).

US 8,716,301 B2
4

3
FIG. 1B is a bar graph showing that pharmacologically
activated cAMP-elevating A2a receptors are capable of
blocking in?ammation in vivo. The differences between

enhance and/or prolong in?ammatory responses by inhibit
ing or decreasing the endogenous anti-in?ammatory pro

treated and untreated mice are statistically signi?cant as indi

cesses.

FIG. 16 is a summary of the methods that can be used to

cated by the asterisk (*P<0.05).
SEQUENCE LISTING

FIGS. 2A and 2B are bar graphs showing cAMP levels in

lymphoid cells from (A) wild-type (A2aR+/+) or (B) A2aR
The nucleic acid sequence listed in the accompanying
sequence listing are shown using standard letter abbreviations
for nucleotide bases. Only one strand of each nucleic acid
sequence is shown, but the complementary strand is under
stood as included by any reference to the displayed strand.
SEQ ID NO: 1 shows the nucleotide sequence of a CpG

de?cient (A2aR_/_) mice treated with CGS21680 alone, or
CGS21680 and ZM241385.
FIGS. 2C and 2D are bar graphs showing cAMP levels in

lymphoid cells in (C) wild-type (A2aR+/+) or (D) A2aR
de?cient (A2aR_/_) treated with FK, isoproterenol, or PGE2.
The differences between treated and untreated mice are sta

oligonucleotide.

tistically signi?cant as indicated by the asterisk (*P<0.05).
FIGS. 3A and 3B are dot plots showing serum levels of (A)
ALT or (B) TNF-(x in A2aR+/+ and A2aR_/_ mice at various

DETAILED DESCRIPTION OF SEVERAL
SPECIFIC EMBODIMENTS

time points.
FIG. 4A is a bar graph showing serum ALT levels in mice

treated with different combinations of in?ammatory stimuli,
(Con-A) and A2 receptor antagonist ZM241385. *P<0.05

Abbreviations
20

Adoral Adenosine receptor Al
Adora2a Adeno sine receptor A2a
Adora2b Adeno sine receptor A2b
Adora3 Adenosine receptor A3

versus A2aR+/+ mice.
FIGS. 4B and 4C are scatter plots showing serum ALT

levels in mice injected with (B) Pseudomonas Exotoxin A or

(C) carbon tetrachloride.

25

FIG. 5 is a survival graph showing that A2a receptors

life in vivo

protect against death from septic shock. *P<0.05.

ADA SCID Adenosine deaminase severe combined immuno

FIG. 6A-D are scatter plots showing the serum levels
of the indicated cytokines in A2aR_/_ mice as com

pared with A2aR”+ wild type mice subjected to endotoxic

de?ciency
30

CGS CGS2 l 680
Con A: Concanavalin A
FK Forskolin

clease protection assay (RPA) demonstrating the increase of
expression) in mice with inactivated A2a receptors, after
treatment with in?ammatory stimuli.
FIGS. 8A and 8B are digital images showing a ribonu

35

IL- 16 Interleukin-l [3
Iso Isoproterenol
40

expression) in mice with pharmacologically inactivated A2a
receptors after treatment with in?ammatory stimuli.

PGE2 Prostaglandin E2
TNF-(x Tumor necrosis factor 0t
45

Terms

50

The following explanations of terms and methods are pro
vided to better describe the present disclosure and to guide
those of ordinary skill in the art in the practice of the present
disclosure. As used herein and in the claims, the singular

vivo.
FIGS. 10 A and 10B are digital images of Western blots

showing that adenosine receptors negatively regulate NF-kB
translocation by inhibiting phosphorylation of Ik-B by IKK
kinase.
FIG. 11 is a schematic showing the intracellular events
following the activation of immune cells and the mechanism
of A2a adenosine receptor and cAMP-mediated inhibition of
NF-kB activities.
FIGS. 12A-12C are dot plots showing that adenosine

forms “a” or “an” or “the” include plural references unless the

context clearly dictates otherwise. For example, reference to
“an adenosine receptor antagonist” includes a plurality of
such antagonists and reference to “the adenosine receptor”
55

receptor antagonists improve immunotherapy of cancer
tumors by reducing the number of metastatic nodules.
FIGS. 13 and 14 are graphs showing that adenosine recep

60

the size/volume of tumors.

FIG. 15 is a scatter plot showing IgGl concentration in
mice injected subcutaneously with TNP-KLH alone (CPA) or

duction by theophylline in the immunization mixture.

includes reference to one or more receptors and equivalents
thereof known to those skilled in the art, and so forth. Simi
larly, the word “or” is intended to include “and” unless the

context clearly indicates otherwise.
Unless explained otherwise, all technical and scienti?c

tor antagonists improve the therapy of cancers by reducing

with adenosine receptor antagonist theophylline (CFA+an
tagoni st) and demonstrates the improvement of antibody pro

LPS Lipopolysaccharide, bacterial endotoxin
PEA Pseudomonas exotoxin A

FIG. 9 is a digital image showing the results of a nuclear

extract electrophoretic mobility shift assay of macrophages
that demonstrates that A2a receptors negatively regulate NF
kB translocation into the nucleus, and thereby its activity, in

H-E Haematoxylin and eosin
IL- 1 2p40 Interleukin- 1 2p40
IL-6 Interleukin-6

clease protection assay (RPA) demonstrating the increase of

in?ammation (by pro-in?ammatory cytokines mRNA

ALT Alanine aminotransferase. Liver enzyme

cAMP Cyclic adenosine monophosphate

shock. *P<0.05.
FIG. 7 is a digital image showing the results of a ribonu

in?ammation (by pro-in?ammatory cytokines mRNA

ADA Adenosine deaminase, adenosine degrading enzyme
ADA-PEG Polyethylene glycol-modi?edADA to extend half

65

terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. De?nitions of common terms in molecu

lar biology can be found in Benjamin Lewin, Genes V, pub
lished by Oxford University Press, 1994 (ISBN 0-19-854287
9); Kendrew et al. (eds.), The Encyclopedia of Molecular

Biology, published by Blackwell Science Ltd., 1994 (ISBN
0-632-02182-9); and RobertA. Meyers (ed.), MolecularBiol

US 8,716,301 B2
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ogy and Biotechnology: 11 Comprehensive Desk Reference,

emulsion that contains an immunogen, an emulsifying agent

published by VCH Publishers, Inc., 1995 (ISBN 1-56081

and mycobacteria. The classical agents (Freund’s adjuvant,
BCG, Corynebaclerium parvum) contain bacterial antigens.
Some adjuvants are endogenous (e.g. histamine, interferon,

569-8).Although methods and materials similar or equivalent
to those described herein can be used in the practice or testing
of the present disclosure, suitable methods and materials are

transfer factor, tuftsin, interleukin-1 and interleukin- 1 2). The

described below. The materials, methods, and examples are
illustrative only and not intended to be limiting.
Adenosine: A ribonucleotide which includes the nitrog

mode of action of an adjuvant can be non-speci?c, resulting in
increased immune responsiveness to a wide variety of anti
gens, or antigen-speci?c, i.e. affecting a restricted type of
immune response to a narrow group of antigens. The thera

enous base, adenine, linked to the sugar, ribose.

peutic ef?cacy of many biological response modi?ers is
related to their antigen-speci?c immunoadjuvanticity.

Adenosine receptors: At least four subtypes of adenosine

receptor (Adora1,Adora2a,Adora2b, andAdora3, also called
A1, A2a, A2b, and A3, respectively) have been cloned.
Adenosine receptors include both naturally occurring pep

Agent: Any polypeptide, compound, small molecule,
organic compound, salt, polynucleotide, peptidomimetic, or
other molecule of interest.

tides, as well as adenosine receptor fragments and variants
that retain full or partial adenosine receptor biological activ
ity. Adenosine receptors are members of the G-protein

Agonist: An agent that has af?nity for and stimulates physi
ologic activity of a receptor normally stimulated by one or
more naturally occurring agents, thus triggering a biochemi
cal response. In one example, one molecule of agonist (A)

coupled receptor (GPCR) superfamily, and are thought to
mediate stimulation or inhibition of adenylyl cyclase activity,
and hence cyclic AMP levels. The effects on cAMP levels of

the methylxanthine antagonists of adenosine receptors (such

binds reversibly to a receptor molecule (R) to form an active
20

activity. However, there is also evidence for coupling (via
G-proteins) to ion channels, and phospholipase C. In the

agonist-receptor complex (AR), which generates a pharma
cological response while the agonist remains bound.
Antagonist: An agent that tends to nullify the action of

as caffeine, and theophylline which are present in tea, coffee
and cocoa) are known.
The A1 receptor is linked to inhibition of adenylyl cyclase
25

another, as a drug that binds to a receptor without eliciting a
biological response. In one example, an antagonist is a chemi
cal compound that is an antagonist for an adenosine receptor,

such as the A2a, A2b, or A3 receptor. Speci?c examples of
adenosine receptor antagonists, include, but are not limited

nervous system, the A1 adenosine receptor mediates inhibi
tion of transmitter release and the reduction in neuronal activ
ity. Blockade of this receptor in the heart leads to the accel

to: ZM241385; 1,7, methylxantine (caffeine); theophylline;

erated, pronounced “pounding” observed after drinking large

theobromine; SCH 58261 [7-(2-phenylethyl)-5-amino-2-(2

amounts of strong coffee (due to caffeine and theophylline).

30

L22214.

A2a is almost exclusively coupled to stimulation of adeny
lyl cyclase activity. Its distribution in the CNS is very discrete,
being heavily localized in the caudate and putamen bodies,

furyl)-pyrazolo- [4,3 -e]-1,2,4-triazolo[1,5 -c]pyrimidine]
(Schering-Plough Research Institute, Milan, Italy); and
KW-6002 [(E)-1,3-diethyl-8-(3,4-dimethoxystyryl)-7-me
thyl-3,7-dihydro-1H-purine-2,6-dione] (Kyowa Hakko
Kogyo Co. Ltd., Shizuoka, Japan). Particular non-limiting

In one example, A1 is shown as GenBank Accession No.

35

examples ofantagonists are described in US. Pat. Nos. 5,565,

and the nucleus accumbens and olfactory tubercle. In the
periphery, the A2a receptor is present on platelets and is

566; 5, 545, 627, 5,981,524; 5,861,405; 6,066,642; 6,326,
390; 5,670,501; 6,117,998; 6,232,297; 5,786,360; 5,424,297;

anti-aggregatory. In one embodiment, A2A is shown as Gen
Bank Accession No. AH003248, and A2b is shown as Gen
Bank Accession No. NM000676. A2a and A2b receptors
cause similar cellular effects, but have different tissue distri

6,313,131, 5,504,090; and 6,322,771. In another example, an
adenosine receptor antagonist is an antisense oligonucle
otide, ribozyme, or other catalytic nucleic acid that selec
tively binds mRNA encoding the adenosine receptor.
Animal: Living multi-cellular vertebrate organisms, a cat
egory that includes, for example, mammals and birds. The

40

bution and requirements for the levels of extracellular adenos
ine needed for their activation. It appears that A2b receptor is
activated by higher levels of adenosine then A2a receptor

(Linden, Ann. Rev Pharmacol. Toxicol. 41:775-87, 2001).
A3 couples to inhibition of adenylyl cyclase activity. In one

term mammal includes both human and non-human mam
45

Antibody: Immunoglobulin molecules and immunologi
cally active portions of immunoglobulin molecules, i.e. mol

example, A3 is shown as GenBank Accession No.
AH003597.

Adenosine receptor inhibitor: Any agent or composition
that decreases the activity of an adenosine receptor. For
example, such an inhibitor may decrease the activity of an
adenosine receptor, as compared to the activity of the adenos
ine receptor in the absence of such an inhibitor. Examples
include, but are not limited to, a pharmacological antagonist,
a gene therapy agent, a ribozyme, an antisense oligonucle
otide, or another catalytic nucleic acid that selectively binds
mRNA encoding an adenosine receptor.
Adjuvant: Any agent that enhances or increases one or

ecules that contain an antigen-binding site that speci?cally
50

binds (immunoreacts with) an antigen. A naturally occurring
antibody (e.g. IgG) includes four polypeptide chains, two
heavy (H) chains and two light (L) chains inter-connected by
disul?de bonds. However, the antigen-binding function of an

antibody can be performed by fragments of a naturally-oc
55

more immune-stimulating properties of another agent (such
as a chemical compound or antigenic epitope). An adjuvant

mals. Similarly, the term “subject” includes both human and

veterinary subjects.

60

curring antibody. Thus, these antigen-binding fragments are
also designated by the term “antibody”.
Examples of binding fragments encompassed within the
term antibody include (i) an Fab fragment consisting of the
VL, VH, CL and CH1 domains; (ii) an Fd fragment consisting
of the VH and CH1 domains; (iii) an Fv fragment consisting

augments, stimulates, activates, potentiates, or modulates the

of the VL and VH domains of a single arm of an antibody, (iv)

immune response at the cellular or humoral level.

a dAb fragment (Ward et al., Nature 341:544-6, 1989) which

For example, addition of an adjuvant to a vaccine improves

consists of a VH domain; (v) an isolated complimentarity

the immune response of a cell, such as a cell in a subject. An
adjuvant can be used so that less vaccine is needed to produce

the immune response. One speci?c, non-limiting example of

determining region (CDR); and (vi) an F(ab')2 fragment, a
bivalent fragment comprising two Fab fragments linked by a
disul?de bridge at the hinge region. Furthermore, although

an adjuvant is Freund’s adjuvant, which is a water-in-oil

the two domains of the Fv fragment are coded for by separate
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genes, a synthetic linker can be made that enables them to be

sense oligonucleotide based on an adenosine receptor locus,

made as a single protein chain (known as single chain Fv
(scFv); Bird et al. Science 242:423-6, 1988; and Huston et al.

e.g. the adenosine receptorA1,A2a,A2b, orA3 locus, includ
ing the reverse complement of the adenosine receptor cDNA
coding sequence, the adenosine receptor cDNA or gene
sequence or ?anking regions thereof.
The introduced sequence need not be the full-length human

Proc. Natl. Acad. Sci. 85:5879-83, 1988) by recombinant
methods. Such single chain antibodies are also included.
In one example, antibody fragments are those which are

capable of crosslinking their target antigen, e.g., bivalent

adenosine receptor cDNA or gene or reverse complement

fragments such as F(ab')2 fragments. Alternatively, an anti
body fragment which does not itself crosslink its target anti

thereof, and need not be exactly homologous to the equivalent
sequence found in the cell type to be transformed. Generally,
however, where the introduced sequence is of shorter length,
a higher degree of homology to the native adenosine or
adenosine receptor locus sequence will be needed for effec
tive antisense suppression. The introduced antisense

gen (e.g., a Fab fragment) can be used in conjunction with a

secondary antibody which serves to crosslink the antibody

fragment, thereby crosslinking the target antigen. Antibodies
can be fragmented using conventional techniques and the
fragments screened for utility in the same manner as

sequence in the vector can be at least 30 nucleotides in length,

described for whole antibodies. An antibody is further
intended to include bispeci?c and chimeric molecules that

and improved antisense suppression will typically be
observed as the length of the antisense sequence increases,
such as when the sequence is greater than 100 nucleotides.
For suppression of the adenosine receptor gene itself, tran
scription of an antisense construct results in the production of

speci?cally bind the target antigen.
“Speci?cally binds” refers to the ability of individual anti
bodies to speci?cally immunoreact with an antigen, such as a

T cell surface molecule. The binding is a non-random binding
reaction between an antibody molecule and an antigenic
determinant of the T cell surface molecule. The desired bind

20

ing speci?city is typically determined from the reference
point of the ability of the antibody to differentially bind the T
cell surface molecule and an unrelated antigen, and therefore

25

distinguish between two different antigens, particularly
where the two antigens have unique epitopes. An antibody
that speci?cally binds to a particular epitope is referred to as

a “speci?c antibody.”
Antigen: A compound, composition, or agent capable of
being the target of inducing a speci?c immune response, such

30

35

induced by heterologous immunogens. The term “antigen”
includes all related antigenic epitopes.
Antisense, Sense, and Antigene: Double-stranded DNA

agents or molecules, such as an antigen and an antibody.
40

45

tary to either RNA or the plus strand of DNA. Sense mol
ecules are molecules that are speci?cally hybridizable or

cells producing antibody molecules of the same antigen
speci?city as this receptor.
Binding or stable binding: An oligonucleotide binds or

55

the oligonucleotide forms base pairs or is hybridized to its
target nucleic acid to permit detection of that binding. Bind
ing can be detected by either physical or functional properties
of the target:oligonucleotide complex. Binding between a
target and an oligonucleotide can be detected by any proce

stably binds to a target nucleic acid if a suf?cient amount of

(such as all or a portion of a cDNA or gene sequence, or the

reverse complement thereof), arranged in reverse orientation

dure known to one skilled in the art, including both functional

relative to the promoter sequence in a transformation vector.
In one example, the sequence is an adenosine receptor

sequence (e.g. Genbank accession number L22214,
AH003248, NM000676, and AH003597). Where the reverse

60

gene, DNA replication, transcription, translation and the like.

Physical methods of detecting the binding of complemen

suppress expression of proteins from the adenosine receptor
reduction of adenosine receptor protein expression in a trans
genic cell can be obtained by introducing into cells an anti

and physical binding assays. Binding can be detected func
tionally by determining whether binding has an observable
effect upon a biosynthetic process such as expression of a

complement of a adenosine receptor sequence is used to
locus, the sense strand of adenosine or adenosine receptor
locus or cDNA is inserted into the antisense construct. A

the same antigen.
B cell or B lymphocyte: One of the two major types of

50

Antigene molecules are either antisense or sense molecules
directed to a dsDNA target.

Antisense oligonucleotide: A sequence of at least about 8
nucleotides, such as about at least 10, 12, 15, 20, 30 or 50
nucleotides, wherein the sequence is from a gene sequence

Avidity depends on both the af?nity and the valency of inter
actions. Therefore, the avidity of a pentameric lgM antibody,
with ten antigen binding sites, for a multivalent antigen can be
much greater than the avidity of a dimeric lgG molecule for
lymphocyte. The antigen receptor on B lymphocytes, some
times called the B cell receptor, is a cell-surface immunoglo
bulin. On activation by an antigen, B cells differentiate into

that are speci?cally hybridizable or speci?cally complemen
speci?cally complementary to the minus strand of DNA.

system produces an immune response (e.g. a B cell or a T cell

injury to tissues.
Avidity: The overall strength of interaction between two

referred to as the minus strand. Because RNA polymerase
adds nucleic acids in a 5'Q3' direction, the minus strand of the
DNA serves as the template for the RNA during transcription.
Thus, the RNA formed will have a sequence complementary

to the minus strand and identical to the plus strand (except that
U is substituted for T). Antisense molecules are molecules

ecules transcribed from the endogenous adenosine or adenos
ine receptor gene, assuming the antisense construct was
generated from sequence within the adeno sine receptor gene
rather than in a ?anking region. Antisense molecules made to
target the sequence that is the reverse complement of the
adenosine receptor locus will serve to suppress any abnormal

response) against an endogenous antigen, with consequent

(dsDNA) has two strands, a 5'—>3' strand, referred to as the

plus strand, and a 3'—>5' strand (the reverse compliment),

tion of RNA molecules that are identical to the mRNA mol

expression of proteins or peptides from the strand of the locus
not encoding the adenosine receptor cDNA.
Autoimmune disorder: A disorder in which the immune

as stimulate the production of antibodies or a T-cell response

in a subject, including compositions that are injected or
absorbed into a subject. An antigen reacts with the products of

speci?c humoral or cellular immunity, including those

RNA molecules that are the reverse complement of mRNA

molecules transcribed from the endogenous adenosine recep
tor gene in the cell. For suppression of protein expression
from the opposite strand of the adenosine receptor locus,
transcription of an antisense construct results in the produc

tary strands of DNA or RNA include such methods as DNase
65

I or chemical footprinting, gel shift and af?nity cleavage
assays, Northern blotting, dot blotting and light absorption
detection procedures. For example, one method that is widely

US 8,716,301 B2
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Cytokine: Proteins made by cells that affect the behavior of

used involves observing a change in the light absorption of a
solution containing an oligonucleotide (or an analog) and a

other cells, such as lymphocytes. In one example, a cytokine
is a chemokine, a molecule that affects cellular traf?cking.
DNA: Deoxyribonucleic acid. DNA is a long chain poly
mer which comprises the genetic material of most living

target nucleic acid at 220 to 300 nm as the temperature is

slowly increased. If the oligonucleotide or analog has bound
to its target, there is an increase in absorption at a character

istic temperature as the oligonucleotide (or analog) and target

organisms (some viruses have genes comprising ribonucleic

disassociate from each other, or melt.

acid (RNA)). The repeating units in DNA polymers are four
different nucleotides, each of which comprises one of the four
bases, adenine, guanine, cytosine and thymine bound to a
deoxyribose sugar to which a phosphate group is attached.
Triplets of nucleotides (referred to as codons) code for each

The binding between an oligomer and its target nucleic

acid is frequently characterized by the temperature (Tm) at
which 50% of the oligomer is melted from its target. A higher
(Tm) means a stronger or more stable complex relative to a

complex with a lower (Tm).

amino acid in a polypeptide. The term codon is also used for

Biological samples: Suitable biological samples include
samples containing genomic DNA, RNA (including mRNA),

the corresponding (and complementary) sequences of three

and/or protein, obtained from cells of a subject. Examples
include, but are not limited to, peripheral blood, urine, semen,

nucleotides in the mRNA into which the DNA sequence is
transcribed.
Deletion: The removal of a sequence of DNA, the regions

saliva, tissue biopsy, surgical specimen, amniocentesis

on either side being joined together.
Differentiation: The process by which cells become more

samples, derivatives and fractions of blood such as serum, and

biopsy material.
Cancer: Malignant neoplasm that has undergone charac

specialized to perform biological functions. Differentiation is
20

growth, invasion of surrounding tissue, and is capable of

Epitope: An antigenic determinant. These are particular

metastasis.

chemical groups or peptide sequences on a molecule that are

cDNA (complementary DNA): A piece of DNA lacking

internal, non-coding segments (introns) and regulatory

a property that is totally or partially lost by cells that have

undergone malignant transformation.

teristic anaplasia with loss of differentiation, increase rate of

antigenic, i.e. that elicit a speci?c immune response. An anti
25

body binds a particular antigenic epitope.

sequences that determine transcription. cDNA is synthesized
in the laboratory by reverse transcription from messenger

Encode: A polynucleotide is said to “encode” a polypep
tide if, in its native state or when manipulated by methods

RNA extracted from cells.

well known to those skilled in the art, it can be transcribed
and/or translated to produce the mRNA for and/or the
polypeptide or a fragment thereof. The anti-sense strand is the

Complementarity and percentage complementarity: Mol
ecules with complementary nucleic acids form a stable

30

duplex or triplex when the strands bind, (hybridize), to each

complement of such a nucleic acid, and the encoding

other by forming Watson-Crick, Hoogsteen or reverse Hoogs

sequence can be deduced therefrom.

teen base pairs. Stable binding occurs when an oligonucle
otide remains detectably bound to a target nucleic acid
sequence under the required conditions.
Complementarity is the degree to which bases in one
nucleic acid strand base pair with the bases in a second

Hybridization: Oligonucleotides and their analogs hybrid
ize by hydrogen bonding, which includes Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding,

35

between complementary bases. Generally, nucleic acid con
sists of nitrogenous bases that are either pyrimidines (cy

nucleic acid strand. Complementarity is conveniently
described by percentage, i.e. the proportion of nucleotides
that form base pairs between two strands or within a speci?c
region or domain of two strands. For example, if 10 nucle

tosine (C), uracil (U), and thymine (T)) or purines (adenine
(A) and guanine (G)). These nitrogenous bases form hydro
40

otides of a 15-nucleotide oligonucleotide form base pairs
with a targeted region of a DNA molecule, that oligonucle
otide is said to have 66.67% complementarity to the region of

DNA targeted.
In the present disclosure, “suf?cient complementarity”

45

oligonucleotide and the target sequence to achieve detectable
binding, and in the case of the binding of an antigen, disrupt

or an adenosine receptor-encoding dsDNA.

“Speci?cally hybridizable” and “speci?cally complemen
50

tary” are terms that indicate a suf?cient degree of comple

mentarity such that stable and speci?c binding occurs
between the oligonucleotide (or its analog) and the DNA or
RNA target. The oligonucleotide or oligonucleotide analog

can range from as little as about 50% complementarity to full,

(100%) complementary. In general, su?icient complementa
rity is at least about 50%, for example at least 75%, 90%,

or two distinct regions of the same nucleic acid sequence. For

example, a therapeutically effective oligonucleotide can be
complementary to an adenosine receptor-encoding mRNA,

means that a suf?cient number of base pairs exist between the

expression of gene products (such as adenosine receptors).
When expressed or measured by percentage of base pairs
formed, the percentage complementarity that ful?lls this goal

gen bonds between a pyrimidine and a purine, and the bond
ing of the pyrimidine to the purine is referred to as “base
pairing.” More speci?cally, A will hydrogen bond to T or U,
and G will bond to C. “Complementary” refers to the base
pairing that occurs between to distinct nucleic acid sequences

need not be 100% complementary to its target sequence to be
55

speci?cally hybridizable. An oligonucleotide or analog is

95%, 98% or even 100% complementarity.

speci?cally hybridizable whenbinding of the oligonucleotide

A thorough treatment of the qualitative and quantitative
considerations involved in establishing binding conditions

or analog to the target DNA or RNA molecule interferes with
the normal function of the target DNA or RNA, and there is a

that allow one skilled in the art to design appropriate oligo
nucleotides for use under the desired conditions is provided
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by Beltz et al. Methods Enzymol 100:266-285, 1983, and by
Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989.
Comprises: A term that means “including.” For example,
“comprising A or B” means including A or B, or both A and

B, unless clearly indicated otherwise.

suf?cient degree of complementarity to avoid non-speci?c
binding of the oligonucleotide or analog to non-target
sequences under conditions where speci?c binding is desired,
for example under physiological conditions in the case of in
vivo assays or systems. Such binding is referred to as speci?c

hybridization.
65

Hybridization conditions resulting in particular degrees of
stringency will vary depending upon the nature of the hybrid
ization method of choice and the composition and length of

