US008470342B2

(12) United States Patent

(10) Patent N0.:

Klinman et a].
(54)

US 8,470,342 B2

(45) Date of Patent:

METHODS OF ALTERING AN IMMUNE

Jun. 25, 2013

OTHER PUBLICATIONS

RESPONSE INDUCED BY CPG
OLIGODEOXYNUCLEOTIDES

H d
t 1 “Th D. . t
. l.k M t 11
t .
ADAMIO
I un ausene a .,
‘e I1s1n egnn- 1 e e a opro einase I

Inventors: Dennis M_ Klinman’ Potomac, MD

Regulates CXBCLl-mediated Cell-CellAdhesion,”Blood 10211186

is Involved in Constitutive Cleavage of CX3CLl (fractalkine) and

(75)

(US); Mayda Gursel, Ankara (TR);

1195 (2003)

Ihsan Gursel’ Ankara (TR)

Wuttge et al., “CXCLl6/SR-PSOX Is an Interferon-y-Regulated
Chemokine and Scavenger Receptor Expressed in Atherosclerotic

(73) Assigneez The United states OfAmeriCa, as

24:750'755 2004 ~

Department of Health and Human

Abel et al., The Transmembrane CXC-Chemokine Ligand 16 1s

services Washington DC (Us)

Induced by IFN-yand TNF-otand Shed by the Activity of the

’

*

( )

N t-

0 Ice

.

Lesions,” A(rterio)sclerosis, Thrombosis, and Vascular Biology

Represented by the Secretary of the

S b-

’

u

d~

th t

fthi

2x11251115; deilnllioer 3 2

% S C 154(1)) b 214 da JS
' '

'

y

(22) Flled.

Gijbeles et al., “Reversal of Experimental Autoimmune
Gough et al., “A Disintegrin and Metalloproteinase lO-Mediated

Cleavage and Shedding Regulates the Cell Surface Expression of
CXC Chemokine Ligand 16,” Journal ofImmunology 17213678

Jan. 12, 2011
.

(65)

nology 172(10):6362-6372 (May 15, 2004).

loproteases,”Journal of Clinical Investigation 94:2177-2182 (1994).

_
_

_

Encephalomyelitis With a Hydroxamate Inhibitor of Matrix Metal

y '

(21) Appl' NO" 13/005’488
.

_

Disintergrin-Like Metalloproteinase ADAMlO,” Journal of Immu

1 -

:teJITtC isoeilgn

_

3685 (2004).
.

.

Gursel et al., “CXCLl6 In?uences the Nature and Speci?cally of

Pnor Pubhcatlon Data
US 2011/0110883 A1
May 12, 2011

CpG-Induced Immune Activation,” Journal of Immunology
l77(3):l575-l580 (Aug. 3, 2006).
International Search report from PCT Application No. PCT/US2006/

Related US. Application Data
_

_ _

_

033774, dated Feb. 5, 2007.

_

Tobata et al., “Distribution and Kinetics of SR-PSOX/CXCL16 and

(62)

Dlvlsloll of apphcanon NO‘ 12/065’085’ ?led as

CXCR6 Expression on Human Dendritic cell Subsets and CD4+ T

(60)

apphcanon NO‘ PCT/US2006/033774 on Aug‘ 28’
2006’ HOW Pat' NO' 7>892>569~
Provisional application NO‘ 60/713 547 ?led on Aug‘

Cells,” Journal ofLeukocyte Biology 77:777-786 (2005).
Verthelyi et al., “Human Peripheral Blood Cells Differentially Rec
ogniZe and Respond to Two Distinct CPG Motifs,”Journal ofImmu

31 2005

nology 166(4):2372-2377 (Feb. 15, 2001).

(51)

’

Int_ CL
A61]; 45/00

’

Primary Examiner * Patricia A Duffy
(74) Attorney, Agent, or Firm * Klarquist Sparkman, LLP

(200601)

A61K 39/12
A61K 39/02
(52) U-S- Cl-

(2006.01)
(2006.01)

(57)

. . . . . . . . . . . . . . . . ..

expression of

424/2341; 424/2741
(58)

Field of Classi?cation Search
None

_

_

_

JP

References Clted
FOREIGN PATENT DOCUMENTS
2 138868

5/1990

W0

W0 9556755

11/1999

W0

W0 00/61 151

10/2000

W0

WO 01/22990

4/2001

can be used to alter the uptake of

D-type CpG oligodeoxynucleotides (D ODNs). Methods of
inducing an immune response are disclosed that include

_

See aPPhCaUOn ?le for Complete Search hlstory-

(56)

ABSTRACT

It is disclosed herein that agents that affect the activity and/or

administering agents that increase the activity and/or expres

sion of CXCL16 and a D ODN. Methods of decreasing an
immune response to a CpG ODN are also disclosed. These

methods include administering an agent that decreases the
activity and/or expression of CXCL1 6. Compositions includ
ing one or more D-type ODNs and an agent that modulates

that activity and/ or expression of CXCL1 6 are provided.
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METHODS OF ALTERING AN IMMUNE
RESPONSE INDUCED BY CPG
OLIGODEOXYNUCLEOTIDES

Methods to alter the uptake and subsequent immune activa
tion triggered by CpG ODN are disclosed herein.
SUMMARY

PRIORITY CLAIM,
It is disclosed herein that agents that affect the activity
and/or expression of CXCL16 can be used to alter the uptake

CROSS REFERENCE TO RELATED
APPLICATIONS

of CpG oligodeoxynucleotides (ODN), speci?cally D-type
CpG oligodeoxynucleotides (D ODN). Thus, agents that
affect the activity and/ or expression of CXCL1 6 can be used

This application is a divisional of US. patent application

to alter an immune response induced by D ODN. In one

Ser. No. 12/065,085, ?led Feb. 27, 2008 now US. Pat. No.

example, the agent increases the activity and/or expression of
CXCL16, thereby increasing the uptake of D ODN. Agents

7,892,569, Which is the US. National Stage of International

Application No. PCT/US2006/033774, ?led Aug. 28, 2006,

that increase the activity and/or expression of CXCL1 6 can be

Which Was published in English under PCT Article 21(2),
Which in turn claims the bene?t of US. Provisional Applica

used to increase an immune response induced by a D ODN.

Agents that decrease the activity and/or expression of

tion No. 60/713,547, ?led Aug. 31, 2005. The prior applica

CXCL16 can be used to decrease an immune response

tions are incorporated herein by reference in their entirety.
FIELD

20

This application relates to the ?eld of immunology, spe
ci?cally to agents that can be used to alter the uptake of

induced by D ODN.
Speci?c compositions including one or more D-type
ODNs and an agent that modulates that activity and/or
expression of CXCL1 6 are provided herein. These composi
tions are of use to induce an immune response, such as to a

speci?c antigen.

immunostimulatory oligodeoxynucleotides (ODNs).
25

BACKGROUND

The foregoing and other features and advantages Will
become more apparent from the folloWing detailed descrip
tion of several embodiments, Which proceeds With reference

to the accompanying ?gures.
DNA is a complex macromolecule Whose activities are

BRIEF DESCRIPTION OF THE FIGURES

in?uenced by its base composition and base modi?cation, as
Well as helical orientation. Bacterial DNA, as Well as certain

30

FIGS. 1A-1C are graphs and digital images illustrating that
CXCL16 selectively recognizes D ODN. FIG. 1A is a line

synthetic oligodeoxynucleotides (ODNs) containing unm
ethylated CpG sequences, can induce proliferation and

graph shoWing CpG ODN binding to recombinant CXCL16.

immunoglobulin production by murine B cells. Unmethy

96-Well ?at bottom ELISA plates Were coated With 0.4 ug/ml

lated CpG dinucleotides are more frequent in the genomes of

bacteria and viruses than vertebrates. Studies have suggested
that immune recognition of these motifs may contribute to the
host’s innate immune response. (Klinman et al., Proc. Natl.
Acad. Sci. USA 9312879, 1996;Y1 et al., .I. Immun. 15715394,

1996; Liang et al., J. Clin. Invest. II 9:89, 1996; Krieg et al.,

Nature 3741546, 1995).
A CpG oligodeoxynucleotide (ODN) is an oligodeoxy
nucleotide including a CpG motif, Wherein the pyrimidine
ring of the cytosine is unmethylated. Three types of CpG
ODNs have been identi?ed1 C-type, K-type and D-type
ODNs. Generally, CpG ODNs range from about 8 to 30 bases
in siZe. D- and K-type nucleic acid sequences have been
described in the published PCT Publication No. W0
98/ 18810A1 (K-type) and published PCT Publication No.
WO 00/61151 (D-type). Generally D ODNs can stimulate a

35

40

anti-CXCL16 antibody and then incubated Without (dotted
lines) or With 200 ng/ml of recombinant CXCL1 6 (full lines).
FolloWing Washing, 1, 0.2 or 0.04 uM biotin-conjugated K or
D oligodeoxynucleotide (ODN) Were added. After Washing,
ODN binding Was detected colorimetrically using phos
phatase-conjugated avidin folloWed by a phosphatase spe
ci?c colorimetric substrate. Results are presented as

averagezstandard deviation (SD) of three independent read
ings. FIG. 1B is a set of digital images and plots shoWing that
45

D but not K ODN colocaliZe With CXCL16 and its uptake is
enhanced in transfected HEK293 cells. CXCL16 transfected
HEK293 cells Were incubated With 3 uM of FITC conjugated
CpG ODN at 37° C. for 20 minutes. Cells Were stained for

CXCL16 expression (left) and colocaliZation (bright cells,
50

cellular immune response, While K ODNs can stimulate a

humoral immune response.

right) With ODN (middle) Was determined using confocal
microscopy. Percent of FITC-ODN bright cells in mock
transfected (?lled histograms) and CXCL1 6 transfected (dark
open histograms) Was determined using ?oW cytometry and

Unmethylated CpG motifs, including both D-type ODNs

are shoWn against background staining (dotted histograms).

and K-type ODNs, are recogniZed by the Toll-like receptor 9

Results are representative of at least six independent experi
ments. FIG. 1C is a bar graph shoWing that anti-CXCL16
inhibit D ODN binding to pDC. Binding of FITC conjugated
ODN to CD123/BDCA-2 double positive pDC Was deter

(TLR9) expressed on immune cells (such as B cells, mac

55

rophages, and dendritic cells). The CpG DNA is taken up by
an endocytic/phagocytic pathWay. It is knoWn that the inter
action of CpG ODN With TLR9 triggers recruitment of a
MyD88 adaptor molecule, activation of an IL-1R kinase-1

and other factors, resulting in the production of cytokines (see

mined in the absence or presence of anti-CXCL1 6 or isotype

matched control (100 ug/ml each). Percent inhibition of
60

LatZ et al., Nat. Immunol. 51190-8, 2004).

ments (*, P<0.05; **, P<0.01).

CpG ODNs can be used to induce an immune response.
Thus, they have been found to have many uses, such as to
induce an immune response to antigens, in the production of

vaccines, and as adjuvants. It Would be advantageous to be
able to alter the uptake of CpG ODN by cells, in order to alter

the immune response produced by these oligonucleotides.

uptake Was determined comparative to the isotype matched
control group. Results represent the meaniSD of 2 experi
FIGS. 2A-2D are graphs and plots shoWing that CXCL16
positive cells preferentially respond to D ODN. FIG. 2A is a

65

plot shoWing that CXCL16 expression versus cytokine pro
duction in pDCs stimulated With CpG ODN. Peripheral blood
mononuclear cells (PBMC) (4><106/ml) Were stimulated With

US 8,470,342 B2
3

4

Control, K or D ODN in the presence of Brefeldin A (10
ug/ml) for 4.5 h (TNF-ot) or for 12 hours (Brefeldin A was
added after 8 hours of incubation) in the case of IFN-ot.
Cytokine producing cells were assessed from the CD123"
gated cells as a function of CXCL16 expression. Results are
representative of 3 independent experiments. FIG. 2B is a bar

that only binding to the pDC but not to the basophil popula
tion (which do not express CXCL16) is inhibited by anti
CXCL16, providing evidence for the speci?city of this anti

body.
FIG. 5 is a set of plots of the results obtained when elutri
ated monocytes were stained for pDC markers and CXCL16
and BDCA-2/CD123 gated cells were sorted into the

graph showing that antibodies against CXCL16 inhibit D
ODN induced cytokine production. PBMC were preincu
bated with 25 ug/ml of isotype (open bars) or anti-CXCL16
antibody (?lled bars) for 30 minutes at 370 C. and then stimu

CXCL16 negative or CXCL16 positive+negative populations
using FACSAria cell sorter. The resulting populations were
then incubated with 1 and 3 uM of K and D ODN, respec
tively, or with 1><107 pfu/ml of UV-inactivated HSV-l.
Twenty-four hours later, cells were stained and expression of
HLA-DR/CD86 was assessed by ?ow cytometry.
FIG. 6 is a bar graph showing the expression of CXCL1 6 in
HEK293 cells stably expressing TLR9 confers D ODN
responsiveness. Stable TLR9 expressing HEK293 cells were
co-transfected with 0.5 ug p5><NF-kB B-luc and 1 ug of

lated with 1 uM each of K or with 3 uM D ODN for 24 hours.
Percent inhibition of cytokine production was calculated
from three different individuals (*, P<0.05). FIG. 2C is a plot
showing the effect of anti-CXCL16 on the upregulation of

HLA-DR and CD86 by CpG ODN. Elutriated monocytes
were preincubated with anti-CXCL16 or isotype matched

control antibody and then stimulated with Control (3 uM), K
(1 uM) or D (3 uM) ODN for 24 hours. The percent of cells
expressing HLA-DR and CD86 was determined by ?ow
cytometry. Results are representative of ?ve independent
experiments. FIG. 2D is a bar graph of the results showing

20

HEK293 cells transfected with CXCL16 gain responsiveness

(?lled bars) transfected TLR9 expressing HEK293 cells.

to D ODN. HEK293 cells stably expressing TLR9 were co

FIGS. 7A-7B are a plot and a bar graph showing the met

transfected with p5><NF-kB. In this ?gure, the ratio of NF-kB
induction in CXCL16 transfected over mock transfected is
displayed for each ODN. All ODN names are shown on the

alloproteinase inhibitor GM-6001
25

presence (?lled bars) of GM-6001 (50 uM) for 30 minutes,
washed and then stained for CXCL16 expression onpDC (see

tive luciferase units from CXCL16 transfected cells over
those from mock transfected cells were determined 24 hours

FIG. 7A) or stimulated with 1 uM of K or 3 uM D ODN for 24
30

of 4 independent experiments (*, P<0.05; **, P<0.0l).

ELISA. Individual results from six different PBMC are

shown.

ODN. FIG. 3A is a bar graph of the results obtained when
35

medium or with 50 ug/ml each of inhibitors followed by
addition of 1 uM FITC conjugated ODN. Mean ?uorescence

intensity representing binding of FITC-ODN was assessed
using ?ow cytometry. Results represent the mean:S.D of
three independent experiments. FIG. 3B is a bar graph show

hours (FIG. 7B). Cytokine production (IL-6 for K ODN and
IFN-ot D ODN) was assessed from culture supernatants using

FIGS. 3A-3D are bar graphs and plots showing the effect of
scavenger receptor ligands on the binding and activity of CpG

puri?ed pDC were preincubated (20 minutes at 40 C.) with

enhances CXCL16

expression and subsequent cytokine production induced by D
ODN. PBMC were preincubated in the absence (openbars) or

X-axis. B-luciferase plus control plasmid or CXCL16. Rela

after ODN treatment (3 uM). Results represent the meaniSD

CXCL16 or control plasmid for 24 hours. Data show relative
luciferase units obtained following 24 hours incubation with
3 uM ODN in mock transfected (open bars) and CXCL16

SEQUENCE LISTING
The nucleic and amino acid sequences listed in the accom

40

panying sequence listing are shown using standard letter
abbreviations for nucleotide bases, and three letter code for

ing D ODN induced IFN-ot from peripheral blood mono

amino acids, as de?ned in 37 C.F.R. 1.822. Only one strand of

nuclear cells (PBMC). Open bars: medium; dotted bars:

each nucleic acid sequence is shown, but the complementary

chondroitin sulfate; right-striped bars: fucoidan; left-striped

strand is understood as included by any reference to the

bars: dextran sulfate Production of IFN-ot from PBMC (in the
absence or presence of 50 ug/ml inhibitors) was determined
by ELISA from 24 hour culture supernatants. FIG. 3C is a plot

displayed strand where appropriate.
45

showing K ODN induced TNF-ot production in pDC (in the
absence or presence of 50 ug/ml dextran sulfate). TNF-ot

production was determined using intracytoplasmic cytokine

staining (representative plots of three independent experi

50

ments). FIG. 3D is a plot showing the results obtained when
puri?ed pDC were incubated with 1 uM each of K or with 3
uM D ODN in the absence or presence of 50 ug/ml dextran

SEQ ID NOs: 1-17 are the nucleic acid sequences of D
ODN.
SEQ ID NOs: 18-20 are the nucleic acid sequences of

CXCL16 probes and primers.
SEQ ID NO: 21 is the consensus nucleic acid sequence of
a D ODN.

sulfate. Upregulation of HLA-DR/CD54 was determined 24

hours later using ?ow cytometry.
FIGS. 4A-4B are plots showing the expression of

The Sequence Listing is submitted as an ASCII text ?le

[Sequence_Listingi4239-70295-08.txt, Jan. 12, 2011, 6.13
KB], which is incorporated by reference herein.

55

CXCL16. FIG. 4A shows pDCs express CXCL16 on their
surface. pDCs were enriched from PBMC using the BDCA-4

SEQ ID NO: 22 is the consensus nucleic aid sequence of a
K ODN.
The Sequence Listing is submitted as anASCII text ?le

DETAILED DESCRIPTION

magnetic cell separation kit. Expression of CXCL16 versus
isotype matched control was analyZed on CD123/BDCA-2

double positive cells. Data is representative of at least ?ve
independent experiments. FIG. 4B is a plot showing that
anti-CXCL16 speci?cally inhibits binding of D ODN to pDC.
Binding of FITC conjugated D ODN to CD123 gated cells
was analyZed using ?ow cytometry. The ?gure shows that

both basophils (BDCA-2”eg“””e) and pDCs (BDCA-2posi?ve)
bind D ODN in the presence of isotype matched antibody and

60

I. Terms
Unless otherwise noted, technical terms are used according
to conventional usage. De?nitions of common terms in

molecular biology may be found in Benjamin Lewin, Genes
65

V, published 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 Robert A. Meyers (ed.),

US 8,470,342 B2
5

6

Molecular Biology and Biotechnology: a Comprehensive

gonucleotide is an oligonucleotide that is at least about ten

Desk Reference, published by VCH Publishers, Inc., 1995

nucleotides in length and includes an unmethylated CpG.

(ISBN 1-56081-569-8).

CpG oligonucleotides include both D- and K-type oligode
oxynucleotides (see beloW). CpG oligodeoxynucleotides are

In order to facilitate revieW of the various embodiments of

this disclosure, the following explanations of speci?c terms

single- stranded. The entire CpG oligodeoxynucleotide can be
unmethylated or portions may be unmethylated. In one
embodiment, at least the C of the 5' CG 3' is unmethylated.

are provided:
ADAM-10: A protein that is an enzyme also known as

Cancer: A malignant neoplasm that has undergone charac

disintegrin, metalloprotease domain 10, and MADM mam
malian disintegrin metalloprotease. It is a member of the
ADAM protein family. The protein has been shoWn to be a

teristic anaplasia With loss of differentiation, increased rate of

groWth, invasion of surrounding tissue, and is capable of

physiologically relevant TNF-processing enzyme (TNF-al
pha convertase, TNF -alpha converting enzyme). It cleaves the

metastasis. For example, thyroid cancer is a malignant neo
plasm that arises in or from thyroid tissue, and breast cancer
is a malignant neoplasm that arises in or from breast tissue

26 kDa membrane-bound precursor form of TNF-alpha to
release the soluble mature 17 kDa TNF form.

ADAM-10 contains the canonical zinc metalloproteinase
motif, and has been shoWn to be proteolytically active.
ADAM-10 from bovine kidney Was shoWn to have type-IV

(such as a ductal carcinoma). Residual cancer is cancer that
5

remains in a subject after any form of treatment given to the
subject to reduce or eradicate the cancer. Metastatic cancer is
a cancer at one or more sites in the body other than the site of

collagenolytic activity, making ADAM-10 a “gelatinase.”
ADAM-10 is e?iciently inhibited by the endogenous MMP

origin of the original (primary) cancer from Which the meta
static cancer is derived.

TIMP-4.
The full length ADAM- 1 0 sequence codes for a 748 amino

Chemotherapy or Chemotherapeutic Agents: As used
herein, any chemical agent With therapeutic usefulness in the
treatment of diseases characterized by abnormal cell groWth.

acid protein, With a predicted mass, is 84.142 kD. Glycosy
lation and the cyteine-rich regions make the protein run at 98

as diseases characterized by hyperplastic groWth such as pso

inhibitors TIMP-1 and TIMP-3, but not by TIMP-2 and

kD on reduced SDS PAGE, and 60-58 kD When Furin pro
cessed. A smaller 691 amino acid sequence for ADAM-10,

20

Such diseases include tumors, neoplasms, and cancer as Well
25

lacking the transmembrane domain, has been reported, With a
predicted molecular Weight of 77.633 kD. ADAM-10 is
thought to be membrane-anchored under normal conditions.
The sequence of ADAM-10 can be found, for example, as

30

GENBANKTM Accession Nos. AAC51766 (Sep. 26, 1997),

AF009615 (Sep. 27, 1997) and CAA88463 (Apr. 18, 2005,

riasis. In one embodiment, a chemotherapeutic agent is an
agent of use in treating neoplasms such as solidtumors. In one
embodiment, a chemotherapeutic agent is a radioactive mol
ecule. One of skill in the art can readily identify a chemo

therapeutic agent of use (eg see Slapak and Kufe, Principles
of Cancer Therapy, Chapter 86 in Harrison’s Principles of
Internal Medicine, 14th edition; Perry et al., Chemotherapy,
Ch. 17 in Abeloff, Clinical Oncology 2”“ ed., @ 2000

MADAM), Which are all incorporated herein by reference.

Churchill Livingstone, Inc; Baltzer L, Berkery R (eds):

Animal: Living multi-cellular vertebrate organisms, a cat
egory that includes, for example, mammals and birds. The

Oncology Pocket Guide to Chemotherapy, 2nd ed. St. Louis,
35

Mosby-Year Book, 1995; Fischer D S, Knobf M F, Durivage

term mammal includes both human and non-human mam

H J (eds): The Cancer Chemotherapy Handbook, 4th ed. St.

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

Louis, Mosby-Year Book, 1993). Chemotherapeutic agents

veterinary subjects.
40

include those knoWn by those skilled in the art, including but
not limited to: 5-?uorouracil (5 -FU), azathioprine, cyclo
phosphamide, antimetabolites (such as Fludarabine), antine
oplastics (such as Etoposide, Doxorubicin, methotrexate, and
Vincristine), carboplatin, cis-platinum and the taxanes, such

45

as taxol. Rapamycin has also been used as a chemotherapeu
tic.
CXCL16: A chemokine that speci?cally binds to the
CXCL16 receptor (CXCR6, also knoWn as Bonzo), also
knoWn as SR-PSOX. Exemplary amino acid sequences for

Antigen: A compound, composition, or substance that can
stimulate the production of antibodies or a T cell response in

an animal, including compositions that are injected or
absorbed into an animal. An antigen reacts With the products

of speci?c humoral or cellular immunity, including those

induced by heterologous immunogens. The term “antigen”
includes all related antigenic epitopes.
“C” Class oligodeoxynucleotides (ODNs): ODNs that
resemble K ODNs and are composed of only phosphorothiote

CXCL16, and nucleotide sequence(s) encoding CXCL16 are

nucleotides. Typically, C class ODNs have a TCGTCG motif
at the 5' end and have a CpG motif imbedded in a palindromic

sequence. Backbone modi?cations like 2'-O-methyl modi?
cations especially in the 5' part of the ODN in?uence IFN
alpha-producing capacity of these ODN. C class ODNs have
combined properties of D- and K-type ODNs. This class of

set forth as GENBANKTM/EMBL Data Bank as Accession
50

SR-PSOX, J an. 8, 2001 ), Which are all incorporated herein by
reference). Variants of CXCL1 6 that bind to their receptor are

also encompassed by this disclosure. The CXCL16 receptor

ODNs stimulates B cells to secrete IL-6 and stimulates plas

macytoid dendritic cells to produce interferon-0t. C class
ODNs also induce IP-10 production and strong NK activa

55

tion.
CpG or CpG Motif: A nucleic acid having a cytosine fol
loWed by a guanine linked by a phosphate bond in Which the

pyrimidine ring of the cytosine is unmethylated. The term
“methylated CpG” refers to the methylation of the cytosine on
the pyrimidine ring, usually occurring at the 5-position of the
pyrimidine ring. A CpG motif is a pattern of bases that include
an unmethylated central CpG surrounded by at least one base
?anking (on the 3' and the 5' side of) the central CpG. Without

being bound by theory, the bases ?anking the CpG confer part
of the activity to the CpG oligodeoxynucleotide. A CpG oli

Nos. AF275260 (human SR-PSOX, Jan. 2, 2001), AF277001
(murine SR-PSOX, Jan. 8, 2001), and AF277000 (porcine

60

is a type I membrane protein Which is expressed on macroph
ages and dendritic cells and has a molecular Weight of
approximately 30 KDa.
CXCL16 is a ligand for the CXC-chemokine receptor
CXCR6, and is a scavenger receptor for oxidized loW density
lipoprotein (LDL). CXCL16 is expressed on the cell mem
brane as a multidomain molecule including a chemokine

65

domain folloWed by a glycosylated mucin-like stalk and
single transmembrane helix folloWed by a short cytoplasmic
tail. CXCL16 is expressed on antigen presenting cells
(APCs). CXCL16 induces chemotaxis of activatedT cells and
bone marroW plasma cells. Cell expressed CXCL16 is

released from the cell membrane by proteolytic cleavage. The
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disintegrin-like metalloproteinase ADAM-l0 plays a role in
CXCL16 cleavage. CXCL16 is induced by IFN-y and TNF-ot.
Cytokine: Proteins made by cells that affect the behavior of

to compare the percent of samples that respond to a D ODN as

compared to the percent of samples that respond to a control.
A non-paramentric ANOVA can be used to compare differ
ences in the magnitude of the response induced by D ODN as

other cells, such as lymphocytes. In one embodiment, a
cytokine is a chemokine, a molecule that affects cellular

compared to the percent of samples that respond using a
control. In this example, p<0.05 is signi?cant, and indicates a
substantial increase in the parameter of the immune response.
One of skill in the art can readily identify other statistical

traf?cking.
D-Type Oligodeoxynucleotide (D ODN): An oligodeoxy
nucleotide including an unmethylated CpG motif that has a

assays ofuse.
Infectious Agent: An agent that can infect a subject, includ

sequence represented by the formula:

ing, but not limited to, viruses, bacteria, and fungi.
Examples of infectious virus include: Retroviridae; Picor

naviridae (for example, polio viruses, hepatitis A virus;

Wherein the central CpG motif is unmethylated, R is A or G (a

enteroviruses, human coxsackie viruses, rhinoviruses, echo

purine), andY is C or T (a pyrimidine). D-type oligodeoxy

viruses); Calciviridae (such as strains that cause gastroenteri

nucleotides include an unmethylated CpG dinucleotide.
Inversion, replacement or methylation of the CpG reduces or

tis); Togaviridae (for example, equine encephalitis viruses,
rubella viruses); Flaviridae (for example, dengue viruses,
encephalitis viruses, yelloW fever viruses); Coronaviridae
(for example, coronaviruses); Rhabdoviridae (for example,

abrogates the activity of the D oligodeoxynucleotide.
In one embodiment, a D-type ODN is at least about 16

nucleotides in length and includes a sequence represented by

20

the formula:

vesicular stomatitis viruses, rabies viruses); Filoviridae (for

example, ebola viruses); Paramyxoviridae (for example,
parain?uenZa viruses, mumps virus, measles virus, respira

tory syncytial virus); Orthomyxoviridae (for example, in?u

21)
5!
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Wherein the central CpG motif is unmethylated, Pu is a purine
nucleotide, Py is a pyrimidine nucleotide, X and W are any
nucleotide, M is any integer from 0 to 10, and N is any integer
from 4 to 10. An additional detailed description of D ODN
sequences and their activities can be found in Verthelyi et al.,
J. Immunol. 166:2372-2377, 2001, Which is herein incorpo
rated by reference. Generally D ODNs can stimulate a cellu
lar response. For example, an “effective amount” or “thera
peutically effective amount” of a D ODN is an amount of the
D ODN su?icient to stimulate a response.

enZa viruses); Bungaviridae (for example, Hantaan viruses,
bunga viruses, phleboviruses and Nairo viruses); Arena viri
dae (hemorrhagic fever viruses); Reoviridae (e. g., reoviruses,
orbiviurses and rotaviruses); Bimaviridae; Hepadnaviridae

(Hepatitis B virus); Parvoviridae (parvoviruses); Papovaviri
dae (papilloma viruses, polyoma viruses); Adenoviridae
30

(most adenoviruses); Herpesviridae (herpes simplex virus
(HSV) l and HSV-2, varicella Zoster virus, cytomegalovirus

(CMV), herpes viruses); Poxviridae (variola viruses, vaccinia
viruses, pox viruses); and Iridoviridae (such as African sWine
fever virus); and unclassi?ed viruses (for example, the etio
35

Epitope: An antigenic determinant. These are particular

logical agents of Spongiform encephalopathies, the agent of
delta hepatitis (thought to be a defective satellite of Hepatitis

chemical groups or peptide sequences on a molecule that are

B virus), the agents of non-A, non-B Hepatitis (class l:inter

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

nally transmitted; class 2:parenterally transmitted (i.e.,
Hepatitis C); NorWalk and related viruses, and astroviruses).

body binds a particular antigenic epitope.

Functionally Equivalent: Sequence alterations, for

40

Examples of infectious bacteria include: Helicobacter

example in a D-type ODN, that yield the same results as
described herein. Such sequence alterations can include, but
are not limited to, deletions, base modi?cations, mutations,

pyloris; Borelia burgdorferi; Legionella pneumophilia;

labeling, and insertions.

aureus, Neisseria gonorrhoeae; Neisseria meningitidis; List
eria monocytogenes; Streptococcus pyogenes (Group A

Immune Response: A response of a cell of the immune

Mycobacteria sps (such as, M tuberculosis, M. avium, M

intracellulare, M kansaii, M gordonae); Staphylococcus
45

Streptococcus); Streptococcus agalactiae (Group B Strepto
coccus); Streptococcus (viridans group); Streptococcus
faecalis; Streptococcus Bovis; Streptococcus (anaerobic
sps); Streptococcus pneumoniae; pathogenic Campylobacter

system, such as a B cell, or a T cell, to a stimulus. In one

embodiment, the response is speci?c for a particular antigen

(an “antigen-speci?c response”).
A “parameter of an immune response” is any particular
measurable aspect of an immune response, including, but not

50

sp.; Enterococcus sp.; Haemophilus in?uenzae; Bacillus

limited to, cytokine secretion (IL-6, IL-l0, IFN-ot, etc.),
immunoglobulin production, dendritic cell maturation, and

antracis; corynebacterium diphtheriae; corynebacterium

proliferation of a cell of the immune system. One of skill in

Clostridium tetani; Enterobacter aerogenes; Klebsiella
pneumoniae; Pasturella multocida; Bacteroides sp.; Fuso

sp.; Erysipelothrix rhusiopathiae; Clostridium per/‘ringers;

the art can readily determine an increase in any one of these

parameters, using knoWn laboratory assays. In one speci?c
non-limiting example, to assess cell proliferation, incorpora

55

tion of 3H-thymidine can be assessed. A “substantial”
increase in a parameter of the immune response is a signi?

Examples of infectious fungi include, but are not limited to,

Cryptococcus neoformans; Histoplasma capsulatum; Coc

cant increase in this parameter as compared to a control.

Speci?c, non-limiting examples of a substantial increase are

60

test used to assess a substantial increase is the use of a Z test

cidioides immitis; Blastomyces dermatitidis; Chlamydia tra
chomatis; and Candida albicans.
Other infectious organisms (such as protists) include: Plas

at least about a 50% increase, at least about a 75% increase, at
least about a 90% increase, at least about a 100% increase, at
least about a 200% increase, at least about a 300% increase,
and at least about a 500% increase. One of skill in the art can

readily identify a signi?cant increase using knoWn statistical
methods. One speci?c, non-limiting example of a statistical

bacterium nucleatum; Streptobacillus moniliformis; Tre

ponema pallidum; Treponema pertenue; Leptospira; and
Actinomyces israelli.

modiumfalciparum and Toxoplasma gondii.
Interferon alpha ((1.) IFN-ot forms are produced by mono
65

cytes/macrophages, lymphoblastoid cells, ?broblasts, and a
number of different cell types folloWing induction by viruses,
nucleic acids, glucocorticoid hormones, and loW-molecular
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Weight substances (n-butyrate, 5-bromodeoxy uridine). At

K-Type Oligodeoxynucleotide (K ODN): An oligodeoxy

least 23 different variants of IFN-ot are known. The individual
proteins have molecular masses betWeen 19-26 kDa and con

nucleotide including an unmethylated CpG motif that has a

sequence represented by the formula:

sist of proteins With lengths of 156-166 and 172 amino acids.
All IFN-ot subtypes possess a common conserved

sequence regionbetWeen amino acid positions 1 15-151 While
the amino-terminal ends are variable. Many IFN-ot subtypes

Wherein the central CpG motif is unmethylated, Q is T, G or
A, W is A or T, and N1, N2, N3, N4, N5, and N6 are any

differ in their sequences at only one or tWo positions. Natu

rally occurring variants also include proteins truncated by 10
amino acids at the carboxy-terminal end. Disul?de bonds are

nucleotides. In one embodiment, Q is a T. An additional

formed betWeen cysteines at positions 1/ 98 and 29/ 138. The
disul?de bond 29/138 is essential for biological activity While
the 1/ 98 bond can be reduced Without affecting biological

can be found beloW. Generally K ODNs can stimulate a

detailed description of K ODN sequences and their activities
humoral response. For example, K ODNs stimulate the pro
duction of immunoglobulins, such as IgM and IgG. K ODNs
can also stimulate proliferation of peripheral blood mono
nuclear cells and increase expression of IL-6 and/or IL-12,
amongst other activities.

activity.
There are at least 23 different IFN-ot genes. They have a
length of 1-2 kb and are clustered on human chromosome
9p22. IFN-ot genes do not contain intron sequences found in
many other eukaryotic genes. Based upon the structures tWo

Leukocyte: Cells in the blood, also termed “White cells,”
that are involved in defending the body against infective

types of IFN-ot genes, designated class I and II, are distin

guished. They encode proteins of 156-166 and 172 amino

20

acids, respectively.
All knoWn subtypes of IFN-ot shoW the same antiviral

cells, subdivided betWeen 2 main groups: polymorpho

antiparasitic, antiproliferative activities in suitable bioassays
although they may differ in relative activities. Human IFN-ot
is also a potent antiviral substance in murine, porcine, and
bovine cell systems. A number of assays for IFN-ot have been
described. For example, IFN-ot can be assayed by a cyto
pathic effect reduction test employing human and bovine cell
lines. Minute amounts of IFN-ot can be assayed also by detec

tion of the Mx protein speci?cally induced by this interferon.
A sandWich ELISA employing bispeci?c monoclonal anti

nuclear leukocytes (neutrophils, eosinophils, basophils) and
mononuclear leukocytes (monocytes and lymphocytes).
25

differences of natural IFN-y With respect to molecular mass
and charge are due to variable glycosylation patterns. 40-60
kDa forms observed under non-denaturing conditions are
dimers and tetramers of IFN-y. The human gene has a length

35
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otide” as used herein refers to both oligoribonucleotides

(ORNs) and oligodeoxyribonucleotides (ODNs). The term
“oligonucleotide” also includes oligonucleosides (i.e. an oli
gonucleotide minus the phosphate) and any other organic
base polymer. Oligonucleotides can be obtained from exist
50

ing nucleic acid sources (eg genomic or cDNA), but are

preferably synthetic (e.g. produced by oligonucleotide syn
thesis).

rectly by measuring IFN-induced proteins such as Mx pro
tein. The induction of the synthesis of IP-10 has been used
also to measure IFN-y concentrations. In addition, bioassays

A “stabiliZed oligonucleotide” is an oligonucleotide that is
relatively resistant to in vivo degradation (for example via an

can be used to detect IFN-y, such as an assay that employs
55

cells.
Isolated: An “isolated” biological component (such as a

?cation methods. The term also embraces nucleic acids, pep

molecules comprising a sugar (e.g. ribose or deoxyribose)
linked to a phosphate group and to an exchangeable organic

base, Which is either a substituted pyrimidine (Py) (e.g.
cytosine (C), thymine (T) or uracil (U)) or a substituted purine
(Pu) (e. g. adenine (A) or guanine (G)). The term “oligonucle

IFN-y can be detected by sensitive immunoassays, such as
an ELSA test that alloWs detection of individual cells produc

nucleic acid, peptide or protein) has been substantially sepa
rated, produced apart from, or puri?ed aWay from other bio
logical components in the cell of the organism in Which the
component naturally occurs, i.e., other chromosomal and
extrachromosomal DNA and RNA, and proteins. Nucleic
acids, peptides and proteins Which have been “isolated” thus
include nucleic acids and proteins puri?ed by standard puri

Neoplasm: An abnormal cellular proliferation, Which
includes benign and malignant tumors, as Well as other pro
liferative disorders.
Nucleic Acid: A deoxyribonucleotide or ribonucleotide
polymer in either single- or double-stranded form, and unless
otherWise limited, encompasses knoWn analogs of natural
nucleotides that hybridiZe to nucleic acids in a manner similar

chromosome 12q24.1.

induction of indoleamine 2,3-dioxygenase activity in 2D9

and veterinary subjects.

to naturally occurring nucleotides.
Oligonucleotide or “Oligo”: Multiple nucleotides (i.e.

of approximately 6 kb. It contains four exons and maps to

ing IFN-y. Minute amounts of IFN-y can be detected indi

When an infection is present, the production of leukocytes
increases.
Mammal: This term includes both human and non-human

mammals. Similarly, the term “subject” includes both human
30

bodies for rapid detection (10 units/mL:0.1 ng/mL Within
2-3 hours) is also available.
Interferon Gamma (y): IFN-y is a dimeric protein With
subunits of 146 amino acids. The protein is glycosylated at
tWo sites, and the pl is 8.3-8.5. IFN-y is synthesized as a
precursor protein of 166 amino acids including a secretory
signal sequence of 23 amino acids. TWo molecular forms of
the biologically active protein of 20 and 25 kDa have been
described. Both of them are glycosylated at position 25. The
25 kDa form is also glycosylated at position 97. The observed

organisms and foreign substances. Leukocytes are produced
in the bone marroW. There are 5 main types of White blood

exo- or endo-nuclease). In one embodiment, a stabiliZed oli

gonucleotide has a modi?ed phosphate backbone. One spe

60

ci?c, non-limiting example of a stabiliZed oligonucleotide
has a phosphothioate modi?ed phosphate backbone (Wherein
at least one of the phosphate oxygens is replaced by sulfur).
Other stabiliZed oligonucleotides include: nonionic DNA
analogs, such as alkyl- and aryl-phosphonates (in Which the
charged phosphonate oxygen is replaced by an alkyl or aryl

group), phosphodiester and alkylphosphotriesters, in Which
the charged oxygen moiety is alkylated. Oligonucleotides

tides and proteins prepared by recombinant expression in a

Which contain a diol, such as tetraethyleneglycol or hexaeth
yleneglycol, at either or both termini have also been shoWn to

host cell as Well as chemically synthesiZed nucleic acids.

be substantially resistant to nuclease degradation.

65
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An “immunostimulatory oligonucleotide,” “immuno

Pamoate (Embonate), Palmitate, Pantothenate, Phosphate/

stimulatory CpG containing oligodeoxynucleotide,” “CpG

diphosphate, Polygalacturonate, Potassium, Salicylate,

ODN,” refers to an oligodeoxynucleotide, Which contains a

Sodium, Stearate, Subacetate, Succinate, Tannate, Tartrate,
Teoclate, Tosylate, Triethiodide, Trimethylammonium and

cytosine, guanine dinucleotide sequence and stimulates (e.g.
has a mitogenic effect or induces cytokine production) verte

Valerate.
Preventing or Treating a Disease: “Preventing” a disease
refers to inhibiting the full development of a disease, for
example in a person Who is knoWn to have a predisposition to

brate immune cells. The cytosine, guanine is unmethylated.
An “oligonucleotide delivery complex” is an oligonucle
otide associated With (for example, ionically or covalently
bound to; or encapsulated Within) a targeting means (such as
a molecule that results in a higher a?inity binding to a target

a disease, such as tumor or a disease caused by a pathogen,
such as a virus or a bacteria. An example of a person With a

cell (B cell or natural killer (NK) cell) surface and/or

knoWn predisposition is someone With a history of diabetes in
the family, or Who has been exposed to factors that predispose
the subject to a condition. “Treatment” refers to a therapeutic

increased cellular uptake by target cells). Examples of oligo
nucleotide delivery complexes include oligonucleotides
associated With: a sterol (for example, cholesterol), a lipid
(for example, cationic lipid, virosome or liposome), or a

intervention that ameliorates a sign or symptom of a disease

or pathological condition after it has begun to develop.
Puri?ed: The term puri?ed does not require absolute

target cell speci?c binding agent (for example, a ligand rec
ogniZed by a target cell speci?c receptor). Preferred com
plexes must be su?iciently stable in vivo to prevent signi?cant
uncoupling prior to intemaliZation by the target cell. HoW
ever, the complex should be cleavable or otherWise accessible
under appropriate conditions Within the cell so that the oligo

purity; rather, it is intended as a relative term. Thus, for
20

example, a puri?ed peptide preparation is one in Which the
peptide or protein is more enriched than the peptide or protein

25

ration is puri?ed such that the protein or peptide represents at
least 50% of the total peptide or protein content of the prepa
ration.
Self-Complementary Nucleic Acid Sequence: A nucleic

is in its natural environment Within a cell. Preferably, a prepa

nucleotide is functional (Gursel, J. Immunol. 167:3324,

2001).
Pharmaceutical Agent or Drug: A chemical compound or
composition capable of inducing a desired therapeutic or
prophylactic effect When properly administered to a subject.
Pharmaceutical agents include, but are not limited to, chemo

acid sequence that can form Watson-Crick base pairs. The
fourbases characteristic of deoxyribonucleic unit of DNA are

therapeutic agents and anti-infective agents.

the purines (adenine and guanine) and the pyrimidines (cy

Pharmaceutically Acceptable Carriers: The pharmaceuti
cally acceptable carriers useful in the methods and composi

tosine and thymine). Adenine pairs With thymine via tWo
30

hydrogen bonds, While guanine pairs With cytosine via three

tions disclosed herein are conventional. Remington ’s Phar

hydrogen bonds. If a nucleic acid sequence includes tWo or

maceutical Sciences, by E. W. Martin, Mack Publishing Co.,
Easton, Pa., 15th Edition (1975), describes compositions and

more bases in sequence that can form hydrogen bonds With

formulations suitable for pharmaceutical delivery of the
fusion proteins herein disclosed.

tWo or more other bases in the same nucleic acid sequence,
35

In general, the nature of the carrier Will depend on the

particular mode of administration being employed. For

instance, parenteral formulations usually comprise injectable
?uids that include pharmaceutically and physiologically
acceptable ?uids such as Water, physiological saline, bal

40

then the nucleic acid includes a self-complementary
sequence. In several embodiments, a self-complementary
nucleic acid sequence includes 3, 4, 5, 6 or more bases that
could form hydrogen bonds With 3, 4, 5, 6 or more bases,
respectively, of the same nucleic acid sequence.
Therapeutically Effective Dose: A dose suf?cient to pre
vent advancement, or to cause regression of the disease, or

anced salt solutions, aqueous dextrose, glycerol or the like as

Which is capable of relieving symptoms caused by the dis

a vehicle. For solid compositions (e. g., poWder, pill, tablet, or
capsule forms), conventional non-toxic solid carriers can

ease, such as pain or sWelling.

include, for example, pharmaceutical grades of mannitol,

cluding but not limited to bacteria and viruses), living micro
organisms, antigen, or killed microorganisms, administered

lactose, starch, or magnesium stearate. In addition to biologi

Vaccine: A preparation of attenuated microorganisms (in
45

cally-neutral carriers, pharmaceutical compositions to be

for the prevention, amelioration or treatment of infectious
disease.

administered can contain minor amounts of non-toxic auxil

Unless otherWise explained, all technical and scienti?c

iary substances, such as Wetting or emulsifying agents, pre

servatives, and pH buffering agents and the like, for example
sodium acetate or sorbitan monolaurate.

50

Salts encompassed Within the term “pharmaceutically
acceptable salts” refer to non-toxic salts. In one example,
preparation of a salt, such as of an agonists of ADAM-10, are
prepared by reacting the free base With a suitable organic or
inorganic acid or by reacting the acid With a suitable organic
or inorganic base.

disclosure belongs. The singular terms “a,” “an,” and “the”
include plural referents unless context clearly indicates oth
erWise. Similarly, the Word “or” is intended to include “and”
55

Representative salts include the folloWing salts: Acetate,

BenZenesulfonate, BenZoate, Bicarbonate, Bisulfate, Bitar
trate, Borate, Bromide, Calcium Edetate, Camsylate, Carbon
ate, Chloride, Clavulanate, Citrate, Dihydrochloride, Edetate,
Edisylate, Estolate, Esylate, Fumarate, Gluceptate, Glucon
ate, Glutamate, Glycollylarsanilate, Hexylresorcinate,

60

Methylnitrate, Methylsulfate, Monopotassium Maleate,
Mucate, Napsylate, Nitrate, N-methylglucamine, Oxalate,

unless the context clearly indicates otherWise. It is further to
be understood that all base siZes or amino acid siZes, and all
molecular Weight or molecular mass values, given for nucleic
acids or polypeptides are approximate, and are provided for
description. Although methods and materials similar or
equivalent to those described herein can be used in the prac
tice or testing of this disclosure, suitable methods and mate
rials are described beloW. The term “comprises” means

“includes.”All publications, patent applications, patents, and

Hydrabamine, Hydrobromide, Hydrocloride, Hydroxynaph
thoate, Iodide, Isethionate, Lactate, Lactobionate, Laurate,
Malate, Maleate, Mandelate, Mesylate, Methylbromide,

terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to Which this

other references mentioned in this Detailed Description are

incorporated by reference in their entirety. In case of con?ict,
65

the present speci?cation, including explanations of terms,
Will control. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting.
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II. Speci?c Embodiments
It is disclosed herein that agents that affect the activity

theory, because phosphothioate-modi?ed nucleotides confer
resistance to exonuclease digestion, the D ODNs are “stabi

and/or expression of CXCL16 can be used in conjunction
With a D-type oligodeoxynucleotide (ODN). Speci?c com

liZed” by incorporating phosphothioate-modi?ed nucle

positions including one or more D-type ODNs and an agent
that modulates that activity and/ or expression of CXCL16 are
provided herein. These compositions are of use to induce an
immune response. The immune response can be to any anti

its immediate ?anking regions include phosphodiester rather

otides. In one embodiment, the CpG dinucleotide motif and

than phosphothioate nucleotides. In one speci?c, non-limit

ing example, the sequence Pul Py2 CpG Pu3 Py4 includes
phosphodiester bases. In another speci?c, non-limiting
example, all of the bases in the sequence Pu 1 Py2 CpG Pu3 Py4
are phosphodiester bases. In yet another speci?c, non-limit

gen of interest, including by not limited to, an antigen from a
pathogen or a tumor.

A. D Oligodeoxynucletotides (ODNs)

ing example, XIXZX3 and X4XSX6(W)M (G)N include phos

D ODNs (also knoWn as “A” class ODNs) differ both in
structure and activity from K ODNs (also knoWn as “B” class
ODNs) and a third type of ODNs, knoWn as “C” class ODNs.
For example, as disclosed herein, D ODNs stimulate the
release of cytokines from cells of the immune system, and
induce the maturation of dendritic cells. In speci?c, non
limiting examples D ODNs stimulate the release or produc

phodiester bases. In yet another speci?c, non-limiting

example, XlXzX3 Pul Py2 CpG Pu3 Py4X4XSX6(W)M (G)N
(SEQ ID NO:2l)include phosphodiester bases. In further
non-limiting examples the sequence X lX2X3 includes at most
one or at most tWo phosphothioate bases and/ or the sequence
X4X5X6 includes at most one or at most tWo phosphothioate

bases. In additional non-limiting examples, X4X5X6(W)M

tion of IP-lO and IFN-ot by monocytes and/or plasmacytoid
dendritic cells.
With regard to structure, in one embodiment, a CpG motif
in a D ODN has been described by the formula:

20

phothioate/phosphodiester chimera.
As disclosed herein, any suitable modi?cation can be used
to render the D ODN resistant to degradation in vivo (for
25

example, via an exo- or endo-nuclease). In one speci?c, non

limiting example, a modi?cation that renders the oligodeoxy
nucleotide less susceptible to degradation is the inclusion of

Wherein the central CpG motif is unmethylated, R is A or G (a

purine), andY is C or T (a pyrimidine). D-type oligonucle
otides include an unmethylated CpG dinucleotide. Inversion,
replacement or methylation of the CpG reduces or abrogates
the activity of the D oligonucleotide.

(G)N includes at least 1, at least 2, at least 3, at least 4, or at
least 5 phosphothioate bases. Thus, a D ODN can be a phos

nontraditional bases such as inosine and quesine, as Well as
30

acetyl-, thio- and similarly modi?ed forms of adenine, cyti
dine, guanine, thymine, and uridine. Other modi?ed nucle
otides include nonionic DNA analogs, such as alkyl or aryl

In one embodiment, a D-type ODN is at least about 16

phosphonates (i.e., the charged phosphonate oxygen is

nucleotides in length and includes a sequence represented by

replaced With an alkyl or aryl group, as set forth in US. Pat.

the formula:

No. 4,469,863), phosphodiesters and alkylphosphotriesters
35

21)
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Wherein the central CpG motif is unmethylated, Pu is a purine
nucleotide, Py is a pyrimidine nucleotide, X and W are any
nucleotide, M is any integer from 0 to 10, and N is any integer

(i.e., the charged oxygen moiety is alkylated, as set forth in
US. Pat. No. 5,023,243 and European Patent No. 0 092 574).
Oligonucleotides containing a diol, such as tetraethylenegly
col or hexaethyleneglycol, at either or both termini, have also
been shoWn to be more resistant to degradation. The D-type

40

oligodeoxynucleotides can also be modi?ed to contain a sec

ondary structure (e.g., stem-loop structure). Without being

from 4 to 10.

bound by theory, it is believed that incorporation of a stem

The region Pu 1 Py2 CpG Pu3 Py4 is termed the CpG motif.
The region X lXZX3 is termed the 5' ?anking region, and the
region X4X5X6 is termed the 3' ?anking region. If nucleotides

loop structure renders an oligodeoxynucleotide more effec
tive.
45

are included 5' of XlXzX3 in the D ODN, these nucleotides
are termed the 5' far-?anking region. Nucleotides 3' of
X4X5X6 in the D ODN are termed the 3' far-?anking region.

In one speci?c, non-limiting example, Py2 is a cytosine. In
another speci?c, non-limiting example, Pu3 is a guanidine. In
yet another speci?c, non limiting example, Py2 is a thymidine

X4XSX6 are self-complementary. In yet another embodiment

XlX2X3Pul Py2 and Pu3 Py4 X4X5X6 are self-complemen
tary.
50

and Pu3 is an adenine. In a further speci?c, non-limiting
example, Pul is an adenine and Py2 is a tyrosine. In another
speci?c, non-limiting example, Pu3 is an adenine and Py4 is a

tyrosine.

In a further embodiment, Pul, Py2 and Pu3 Py4 are self
complementary. In another embodiment, X lX2X3 and

Speci?c non-limiting examples of a D ODN Wherein Pul
Py2 and Pu3 Py4 are self-complementary include, but are not

limited to, ATCGAT, ACCGGT, ATCGAC, ACCGAT, GTC
GAC, or GCCGGC (Wherein the CpG is underlined). Without

being bound by theory, the self-complementary base
55

sequences can help to form a stem-loop structure With the

In one speci?c, not limiting example, N is from about 4 to

CpG dinucleotide at the apex to facilitate immuno stimulatory

about 8. In another speci?c, non-limiting example, N is about

functions. Thus, in one speci?c, non-limiting example, D
ODNs Wherein Pul Py2 and Pu3 Py4 are self-complementary
induce higher levels of IFN-y production from a cell of the

6.

In several embodiments, the D ODN is at least about 16
nucleotides in length. For example, the D ODNs can be from
about 16 to about 50 nucleotides in length, or from about 18
to about 50 nucleotides in length, or from about 18 to about 40
nucleotides in length, or from about 18 to about 30 nucle
otides in length. Exemplary D ODNs are disclosed beloW.
D ODNs can include modi?ed nucleotides. Without being
bound by theory, modi?ed nucleotides can be included to
increase the stability of a D ODN. Without being bound by

60

immune system. The self-complementary need not be limited

to Pul Py2 and Pu3 Py4. Thus, in another embodiment, addi
tional bases on each side of the three bases on each side of the

CpG-containing hexamer form a self-complementary

sequence (see above).
65

One speci?c, non-limiting example of a sequence Wherein
Pul Py2 and Pu3 Py4 are self-complementary but Wherein the
far-?anking sequences are not self-complementary is

US 8,470,342 B2
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TABLE l*—continued

GGTGCATCGATACAGGGGGG

(DVll3 ,

SEQ ID NO :

6,

see Table l)

oDN

This oligodeoxynucleotide has a far-?anking region that is
not self-complementary and induces high levels of lFN-y and
lFN-ot.

Another speci?c, non-limiting example of a D ODN is:
GGTGCGTCGATGCAGGGGGG

(DV28, SEQ ID NO: 3,
see Table l)

D oDN

SEQUENCE

SEQUENCE IDENTIFIER

DV27

GGTGCACCGATGCAGGGGGG

(SEQ ID NO:

dvll9

CCTGCATCGATGCAGGGGGG

(SEQ ID NO: 15)

D142

GGTATATCGATATAGGGGGG

(SEQ ID NO:

(1143

GGTGGATQATCCAGGGGGG

(SEQ ID NO: 17)

14)

16)

Underlined bases are phosphodiester. *indicates methylated CG.

This D ODN is of use for inducing production and/or
release of cytokines from immune cells, although it lacks a

Bold indicates selfecomplementary sequences.

Sequence idene

tifier is noted below the nucleic acid sequence.

self-complementary motif.

Additional exemplary D ODN sequences can be found in

In one embodiment, the D ODNs are at least about 16
nucleotides in length. In a second embodiment, a D ODN is at

Us. patent application Ser. No. l0/ 068,160, and in Verthelyi
et al., .1. Immunol. 166:2372-2377, 2001, Which are both
herein incorporated by reference in their entireties. D ODN

least about 18 nucleotides in length. In another embodiment,
a D ODN is from about 16 nucleotides in length to about 100
nucleotides in length. In yet another embodiment, a D ODN is
from about 16 nucleotides in length to about 50 nucleotides in
length. In a further embodiment, a D ODN is from about 18
nucleotides in length to about 30 nucleotides in length.
In another embodiment, the D ODN is at least 18 nucle
otides in length, and at least tWo G’s are included at the 5' end

of the molecule, such that the oligodeoxynucleotide includes
a sequence represented by the formula:

can be used in combination to induce an immune response.
20

Thus, multiple D ODNs can be utilized to induce an immune
response. For example, tWo, three, four, ?ve or more D ODNs
can be utilized to induce an immune response. In addition, a
single ODN can be generated that includes the tWo or more D

ODN CpG motifs disclosed herein.
25

The D ODN can be synthesized de novo using any of a

number of procedures Well knoWn in the art. For example, the
oligodeoxynucleotides can be synthesized as set forth in Us.

Pat. No. 6, 194,3 88, Which is herein incorporated by reference
in its entirety. A D ODN can be synthesized using, for
30

The D ODN can include additional G’s at the 5' end of the

example, the B-cyanoethyl phosphoramidite method or
nucleoside H-phosphonate method. These chemistries can be

oligodeoxynucleotide. In one speci?c example, about 1 or

performed by a variety of automated oligonucleotide synthe

about 2 G’s are included at the 5' end of an oligodeoxynucle
otide including a sequence as set forth as the above formula.
Examples of a D ODN include, but are not limited to the

nucleotides can be prepared from existing nucleic acid

sizers available in the market. Alternatively, oligodeoxy
35

sequence shoWn in the folloWing table:

sequences (e. g. genomic or cDNA) using knoWn techniques,
such as employing restriction enzymes, exonucleases or

endonucleases, although this method is less ef?cient than

direct synthesis.

TABLE 1*
ODN

40

D ODN

SEQUENCE

SEQUENCE IDENTIFIER

DVlO4

GGTGCATCGATGCAGGGGGG

(SEQ ID NO :

l)

DVl9

GGTGCATCGATGCAGGGGGG

(SEQ ID NO :

l)

DV2 9

GGTGCACCGGTGCAGGGGGG

(S EQ I D NO : 2 )

DV3 5

GGTGCAT CGATGCAGGGGGG

(S EQ I D NO :

DV2 8

GGTGCGT CGATGCAGGGGGG

(S EQ I D NO : 3 )

DVlO6

GGTGTGTCGATGCAGGGGGG

(SEQ ID NO : 4)

DVll6

TGCATCGATGCAGGGGGG

(SEQ ID NO :

5)

DVll3

GGTGCATCGATACAGGGGGG

(SEQ ID NO :

6)

DV34

GGTGCATCGATGCAGGGGGG

(SEQ ID NO :

'7)

DVlO2

GGTGCATCGTTGCAGGGGGG

(SEQ ID NO :

8)

The response elicited by D, K and C ODNs is dependent on
Tol-like receptor 9 (TLR9). Cells lacking TLR9 are unrespon
sive to any form of CpG ODNs. It is disclosed herein that an

additional receptor is required for optimal recognition of D
ODN, namely CXCL l 6. Altering the expression of activity of
45

l)

this receptor can be used to alter an immune response induced
by a D ODN.

Methods of Altering an Immune Response

50

A method is disclosed herein for altering the uptake of a D
ODN. Increasing the uptake of a D ODN can be used to

increase the immunostimulatory activity of the D ODN. Simi
larly, decreasing the uptake of a D ODN can be used to
attenuate the immunostimulatory activity of the D ODN.
As described above, D ODNs are of use in producing an
55

immune response (see also PCT Publication Nos. WO

0061 151A3,

WO9956755A1,

WO9840100A1,

WO98l 88l0Al, WOOl 22990A2, Which are all herein incor
DV32

GGTGCGTCGACGCAGGGGGG

(SEQ ID NO :

9)

DVll'7

GGTCGATCGATGCACGGGGG

(SEQ ID NO :

l0)

DV3 '7

GGTGCAT CGATGCAGGGGGG

(S EQ I D NO :

l l)

DV2 5

GGTGCAT CGATGCAGGGGGG

(S EQ I D NO :

l l)

DV3 0

GGTGCAT CGACGCAGGGGGG

(S EQ I D NO :

l 2)

dvl2 O

GGTGCATCGATAGGCGGGGG

(SEQ ID NO :

13)

porated by reference in their entirety). Administration of a D
60

ODN can be by any suitable method, including in vivo or ex
vivo administration. For example, a D ODN can be used to

stimulate monocytes and/or natural killer cells, and/or to
induce the maturation of dendritic cells. Furthermore, a D

ODN can be used to increase the production of cytokines (for
example lP-lO, lFN-ot or lFN-y) by a cell of the immune
65

system. D ODNs can be used to induce a T cell response to an

antigen of interest. D ODNs are also of use in producing an

immune response against pathogens (such as bacterial, viral,

US 8,470,342 B2
17

18

or fungal pathogens). D ODNs can be used to induce a pro
tective immune response. D ODNs can be used to increase an
immune response to a tumor antigen. Thus, D ODNs are of

CXCL16. The D ODN and the agent that increases the expres
sion and/or activity of CXCL16 can be administered either
alone or in combination With any suitable anti-neoplastic
agent, such as a chemotherapeutic agent or radiation. Suitable
neoplasms include benign and malignant cancer. The neo
plasm can be from any origin, and include, but are not limited
to, solid tumors such as cancers of the brain, lung (e.g., small

use in a variety of therapeutic applications, and can also be
utilized in vaccine formulations.

An agent that increases the activity and/or expression of
CXCL16 can be used to increase one or more immune

response induced by a D ODN. In one embodiment, a method

cell and non-small cell), ovary, breast, prostate, liver, lung,

is provided for increasing the uptake of a D ODN. The method

skin, and colon, as Well as carcinomas and sarcomas. The
neoplasm can also be a lymphoma or a leukemia. Examples of

includes administering an effective amount of an agent that

increases the activity and/or expression of CXCL16. In

hematological tumors include leukemias, including acute

another embodiment, a method is disclosed herein for induc
ing an immune response in a subject by administering a D
ODN and an agent that increases the activity and/or expres
sion of CXCL16. The immune response can include, but is
not limited to, induction of the maturation of a dendritic cell

leukemias (such as acute lymphocytic leukemia, acute

myelocytic leukemia, acute myelogenous leukemia and

myeloblastic, promyelocytic, myelomonocytic, monocytic
and erythroleukemia), chronic leukemias (such as chronic

or the activation of a natural killer cell and/or a monocyte. The

immune response can also include the production of a cytok

ine, such as, for example, IL-10, IP-10, IFN-ot or IFN-y. The
immune response can also include an immune response 20

myelocytic (granulocytic) leukemia, chronic myelogenous
leukemia, and chronic lymphocytic leukemia), polycythemia
vera, lymphoma, Hodgkin’s disease, non-Hodgkin’s lym
phoma (indolent and high grade forms), multiple myeloma,

against an antigen, such as a bacterial, viral, or fungal antigen.

Waldenstrom’s macroglobulinemia, heavy chain disease,

The immune response can include an immune response to a

myelodysplastic syndrome, and myelodysplasia.

tumor antigen.

Examples of solid tumors, such as sarcomas and carcino

In one example, a D ODN is administered in conjunction

With an agent that increases the expression and/or activity of

25

mas, include ?brosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, and other sarcomas,

plary autoimmune diseases affecting mammals include rheu

synovioma, mesothelioma, EWing’s tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, lymphoid malig

matoid arthritis, juvenile oligoarthritis, collagen-induced
arthritis, adjuvant-induced arthritis, Sjogren’s syndrome,
multiple sclerosis, experimental autoimmune encephalomy

nancy, pancreatic cancer, breast cancer, lung cancers, ovarian
cancer, prostate cancer, hepatocellular carcinoma, squamous
cell carcinoma, basal cell carcinoma, adenocarcinoma, sWeat

CXCL16 to a subject that has an autoimmune disease. Exem

30

elitis, in?ammatory boWel disease (e.g., Crohn’s disease,

gland carcinoma, sebaceous gland carcinoma, papillary car

ulcerative colitis), autoimmune gastric atrophy, pemphigus

cinoma, papillary adenocarcinomas, medullary carcinoma,

vulgaris, psoriasis, vitiligo, type 1 diabetes, non-obese diabe
tes, myasthenia gravis, Grave’s disease, Hashimoto’s thy

bronchogenic carcinoma, renal cell carcinoma, hepatoma,

roiditis, sclerosing cholangitis, sclerosing sialadenitis, sys
temic lupus erythematosis, autoimmune thrombocytopenia
purpura, Goodpasture’s syndrome, Addison’s disease, sys
temic sclerosis, polymyositis, dermatomyositis, autoimmune
hemolytic anemia, pernicious anemia, and the like. Speci?c,
non-limiting examples of autoimmune diseases include, but

bile duct carcinoma, choriocarcinoma, Wilms’ tumor, cervi
35

craniopharyogioma, ependymoma, pinealoma, hemangio
blastoma, acoustic neuroma, oligodendroglioma, menin

gioma, melanoma, neuroblastoma and retinoblastoma). The
40

are not limited to diabetes, rheumatoid arthritis, lupus erythe
matosus, and multiple sclerosis.
In another example, a D ODN is administered in conjunc
tion With an agent that increases the expression and/or activity
of CXCL16 to treat, prevent, or ameliorate an allergic reac

cal cancer, testicular tumor, bladder carcinoma, and CNS
tumors (such as a glioma, astrocytoma, medulloblastoma,

administration of the D ODN and the agent that increases the
expression and/ or activity of CXCL16 can be used to reduce
tumor burden.

In yet another example, a method is provided to enhance
the ef?cacy of any suitable vaccine. The method includes the
45

administration of a D ODN in conjunction With an agent that

sitivity to a substance (an allergen). Allergic conditions

increases the expression and/or activity of CXCL16 and a
vaccine component. Suitable vaccines include those directed

include ecZema, allergic rhinitis or coryZa, hay fever, bron

against Leishmania, HepatitisA, B, and C, examples of Which

tion in a subject. An allergy refers to an acquired hypersen

chial asthma, uticaria (hives), food allergies, and other atopic
conditions. The list of allergens is extensive and includes

can be found in the Physicians’ Desk Reference (1998), and
50

pollens, insect venoms, animal dander, dust, fungal spores,
and drugs (such as antibiotics like penicillin or tetracycline).
Examples of natural, animal, and plant allergens can be found

DNA vaccines directed against, for example, malaria. (See
generally Klinman et al., Vaccine 17:19, 1999; McCluskie
and Davis, J. Immun. 161:4463, 1998). The vaccine can be a
subunit vaccine, or can include an attenuated or heat-killed

agent that increases the expression and/or activity of

virus.
In an additional example, D ODN and the agent that
induces the expression and/or activity CXCL16 can be used

CXCL1 6 to treat an allergic condition such as allergic asthma.

to treat or ameliorate any condition associated With an infec

The D ODN and the agent that increases the uptake and/or
activity of CXCL16 can also be administered in combination
With an anti-allergenic agent. Suitable anti-allergenic agents
include those substances given in treatment of the various
allergic conditions described above, examples of Which can
be found in the Physicians’ Desk Reference (1998).

tious agent. Thus, the D ODN and the agent that increases the
activity and/or expression of CXCL1 6 can be administered to
a subject infected With the infectious agent. Speci?c, non
limiting examples of conditions associated With infectious
agents are tularemia, francisella, schistosomiasis, tuberculo

in PCT Publication No. WO 98/18810. In one embodiment a

D ODN is administered to a subject in conjunction With an

55
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sis, malaria, and leishmaniasis. Examples of infectious agents
are viruses, bacteria, fungi, and other organisms (such as

In a further example, a D ODN is administered to a subject

that has a neoplasm. In one embodiment, the subject has
cancer. The D ODN is administered in conjunction With an

agent that increases the expression and/or activity of

65

protists) can be found in PCT Publication No. WO 98/18810.

The D ODN and the agent that induces the expression and/or
activity of CXCL1 6 can be administered in combination With

US 8,470,342 B2
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any suitable anti-infectious agent, such as an antiviral, anti

Also of use is an inhibitor of the formula CI3HI4N4O3S2:

fungal or anti-bacterial agent (see Physicians’ Desk Refer
ence, 1998).
The agent that increases the activity and/or expression of
CXCL16 can be one or more cytokines. The cytokines inter

5

feron gamma (lFN-y, see, for example GENBANK® Acces
sion No. AAM28885, May 16, 2002) and tumor necrosis
factor alpha (TNF-ot, see, for example GENBANK® Acces

HN—N

sion No. NPi000585, Aug. 20, 2006, incorporated herein by

s

reference) induce CXCL16, either alone or in combination.
Thus, lFN-y and/or TNF-ot could be used to increase the
uptake of a D ODN. Nucleic acids encoding lFN-y or TNF-ot
could be administered to the subject in order increase the
uptake of a D ODN. The agents that induce the expression

o
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O

N

H

\CH3.
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Also of use is an inhibitor of the formula C21H23N7O2S2:

and/or activity of CXCL16 include nucleic acids encoding
CXCL16, such as human CXCL16.

Agents that increase the activity and/ or expression of
CXCL16 include, but are not limited to, antagonists of
ADAM-10. Exemplary antagonists of ADAM-10 are
GW280264X, G1254023X or GM6001. GM6001 has the
chemical formula C2OH28N4O4, and has the structure shoWn
beloW:

2O

CH3

Also of use is an inhibitor of the formula C21Hl9NO4S:
0

HO

3
I

30

H

/

NH
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oylamino-1-(1,3 -thiaZol-2-ylcarbamoyl)-1 -pentyl] amide)
and G1254023X ((2R,3S)-3-(formyl-hydroxyamino)-2-(3

'

0

oH

o

Additional agents can be administered in conjunction With
the D ODN and the agent that alters the activity and/ or expres
sion of CXCL1 6. These agents include a protein, an antigenic

epitope, a hydrocarbon, lipid, mitogen, an anti-infectious
agent (such as antiviral, antifungal, or anti-bacterial agent), a
chemotherapeutic agent or a vaccine (such as a live, attenu

phenyl-1-propyl)butanoic acid[(1S)-2,2-dimethyl-1-methyl
carbamoyl-1-propyl]amide) can be synthesiZed as described

in Us. Pat. Nos. 6,172,064, 6,191,150 and 6,329,400. The

I

II

WW
II

35

GW280264X ((2R,3S)-3-(formyl-hydroxyamino)-2-(2
methyl-1-propyl) hexanoic acid [(1S)-5-benZyloxycarbam

O
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ated, or heat-killed vaccine). Additional agents can be admin
istered simultaneously or sequentially With the D ODN and

the agent that increases the activity and/or expression of
CXCL16.
In one embodiment, a method is provided for activating an

compounds can be administered as a single or polymorphic

crystalline form or forms, an amorphous form, a single enan
tiomer, a racemic mixture, a single stereoisomer, a mixture of
stereoisomers, a single diastereoisomer, a mixture of diaste
reoisomers, a solvate, a pharmaceutically acceptable salt, a
solvate, a prodrug, a biohydrolyZable ester, or a biohydrolyZ
able amide thereof. These compounds can also be adminis

50

tered as pharmaceutically acceptable salt, solvate, biohydro
lyZable ester, biohydrolyZable amide, a?inity reagent, or

55

antigen presenting cell or lymphocyte in vitro. The method
includes contacting a monocyte or a dendritic cell precursor
in vitro With a D ODN and an agent that increases CXCL16

expression and/or activity to produce an activated antigen
presenting cell. The monocytes or dendritic cell precursors
can be contacted With the D ODN and the agent that increases
CXCL16 expression and/or activity in the presence of or in

the absence of an antigen. The activated antigen presenting

prodrug thereof for use in therapy.

cell can be administered to the subject to induce an immune

Other MMP-2 inhibitors are of use, such as batimastat. In
addition, an inhibitor such as inhibitor of the formula

response. Alternatively, lymphocytes or natural killer cells
are contacted With the activated antigen presenting cells in

C l8H3 5N02:

vitro, or With cytokines secreted by the activated antigen

O

N
H

)kW/WCH}
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presenting cells in vitro, to produce activated lymphocytes or

ing ADAM-10 activity resulting in increased cleavage of

activated natural killer cells. The activated lymphocytes or
natural killer cells can then be administered to the subject to

CXCL-16. For example, a cross-linking agent can be used to
cross link the BDCA-2 receptor on the surface of plasmacy
toid dendritic cells. This results in increased intracellular
calcium ?ux and a corresponding decrease in CXCL16 activ

induce an immune response.

In another embodiment, a method is provided for decreas
ing the uptake of a D ODN. The method includes providing an
agent that decreases the activity and/ or expression of
CXCL16. In one example, the agent that decreases the uptake
of a D ODN is ionomycin. In another example, the agent that
decreases the activity and/or expression of CXCL16 is an

ity. Plasmacytoid dendritic cells treated With a cross-linking
agent fail to produce interferon alpha in response to a D ODN.
CXCL16 plays a role in atherosclerosis and AlZheimer’s
disease. Thus, reduced levels of CXCL16 can be used to treat

subjects With atherosclerosis and AlZheimer’s disease.
Reducing CXCL16 on the surface of plasmacytoid dendritic
cells can also be effective in treating SLE. Thus, a method is
provided herein for the treatment of subjects With atheroscle

antisense oligonucleotide, small inhibitory mRNA (sim
RNA) or a riboZyme that cleaves CXCL16 mRNA. One of

skill in the art can readily produce these molecules using the
CXCL nucleic acid sequence and/or protein sequence.
In a further example, the agent that decreases the activity
and/ or expression of CXCL1 6 is an antibody. The antibody or
antibody fragment can be a humaniZed immunoglobulin.

rosis, AlZheimer’s disease, and systemic lupus Erythemato

Generally, the humaniZed immunoglobulin speci?cally binds
to the CXCL16, or a molecule that regulates CXCL16, With
an a?inity constant of at least 107 M_l, such as at least 108
M-1 or 109 M“. The use of antibody components derived

20

from humaniZed monoclonal antibodies obviates potential
problems associated With the immunogenicity of the constant

regions of the donor antibody. Techniques for producing
humaniZed monoclonal antibodies are described, for

25

Optionally, additional therapeutic agents can be included,
30

Antibodies include intact molecules as Well as fragments

thereof, such as Fab, F(ab')2, and Fv Which include a heavy
chain and light chain variable region and are capable of bind

ing the epitopic determinant. These antibody fragments retain
some ability to selectively bind With their antigen or receptor
and are de?ned as follows: (1) Fab, the fragment Which con
tains a monovalent antigen-binding fragment of an antibody

35

The pharmaceutically acceptable carriers and excipients

parenteral formulations usually comprise injectable ?uids
that are pharmaceutically and physiologically acceptable

With the enZyme papain to yield an intact light chain and a
40

?uid vehicles such as Water, physiological saline, other bal
anced salt solutions, aqueous dextrose, glycerol or the like.
Excipients that can be included are, for instance, proteins,
such as human serum albumin or plasma preparations. If

desired, the pharmaceutical composition to be administered
45

may also contain minor amounts of non-toxic auxiliary sub
stances, such as Wetting or emulsifying agents, preservatives,

and pH buffering agents and the like, for example sodium
acetate or sorbitan monolaurate.

together by tWo disul?de bonds; (4) Fv, a genetically engi
neered fragment containing the variable region of the light
chain and the variable region of the heavy chain expressed as

such as, but not limited to chemotherapeutic agents, antigens,
attenuated or heat killed virus, and/or cytokines. HoWever, the
CXCL16 can be included in a ?rst composition, and the D
ODN included in a second composition, and the tWo compo
sitions administered to a subject of interest sequentially.
useful in this disclosure are conventional. For instance,

molecule, can be produced by digestion of Whole antibody
portion of one heavy chain; (2) Fab‘, the fragment of an
antibody molecule can be obtained by treating Whole anti
body With pepsin, folloWed by reduction, to yield an intact
light chain and a portion of the heavy chain; tWo Fab' frag
ments are obtained per antibody molecule; (3) (Fab')2, the
fragment of the antibody that can be obtained by treating
Whole antibody With the enZyme pepsin Without subsequent
reduction; F(ab')2 is a dimer of tWo Fab' fragments held

same composition as the D ODN. Thus, compositions are

provided herein that include a therapeutically effective
amount agent that alters CXCL16 and a therapeutically effec
tive amount D ODN in a pharmaceutically acceptable carrier.

example, by Jones, et al., Nature 3211522, 1986; Riechmann,
et al., Nature 3321323, 1988; Verhoeyen, et al., Science 2391
1534, 1988; Carter, et al., Proc. Nat’l Acad. Sci. USA.
8914285, 1992; Sandhu, Crit. Rev. Biotech. 121437, 1992; and
Singer, et al., J. Immunol. 15012844, 1993.

sus. In several examples, the method includes administering
an antibody that speci?cally binds CXCL16, an agent that
increases the activity of ADAM-10, such as ionomycin.
For use in vivo, generally a pharmaceutical composition
including a therapeutically effective amount of the agent that
alters CXCL16 expression and/or activity is administered to
the subject of interest. A D ODN is also administered to the
subject of interest. In one example, the agent that alters
CXCL16 expression and/or activity can be included in the

50

tWo chains; and (5) Single chain antibody (such as scFv),

The dosage form of the pharmaceutical composition Will
be determined by the mode of administration chosen. Agents
that increase the expression and/ or activity of CXCL-16 and
D ODN can be administered systemically or locally. The
agents can be administered in oral (including buccal and

de?ned as a genetically engineered molecule containing the

variable region of the light chain, the variable region of the

sublingual) dosage forms as tablets, capsules (each including

heavy chain, linked by a suitable polypeptide linker as a

timed release and sustained release formulations), pills, poW

genetically fused single chain molecule.

55

ders, granules, elixirs, tinctures, suspensions, syrups and
emulsions. LikeWise, they may also be administered in nasal,

Methods of making these fragments are knoWn in the art

ophthalmic, otic, rectal, topical, intravenous (both bolus and

(see for example, HarloW and Lane, Antibodies: A Labora

tory Manual, Cold Spring Harbor Laboratory, NeW York,

infusion), intraperitoneal, intraarticular, subcutaneous or

1988). An epitope is any antigenic determinant on an antigen
to Which the paratope of an antibody binds. Epitopic deter
minants usually consist of chemically active surface group

intramuscular inhalation form, all using forms Well knoWn to
those of ordinary skill in the art.

60

For instance, in addition to injectable ?uids, topical and
oral formulations can be employed. Topical preparations can
include eye drops, ointments, sprays and the like. Oral for
mulations may be liquid (e.g., syrups, solutions, or suspen

ings of molecules such as amino acids or sugar side chains

and usually have speci?c three dimensional structural char
acteristics, as Well as speci?c charge characteristics
Agents that increase intracellular calcium are of use in

65

sions), or solid (e.g., poWders, pills, tablets, or capsules). For

decreasing CXCL16 activity. Without being bound by theory,

solid compositions, conventional non-toxic solid carriers can

agents that increase intracellular calcium are of use in increas

include pharmaceutical grades of mannitol, lactose, starch, or

US 8,470,342 B2
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magnesium stearate. Actual methods of preparing such dos

loWed by a time-period Wherein no disclosed agent that
affects CXCL16 activity/ D ODN is administered to the sub

age forms are known, or Will be apparent, to those of ordinary
skill in the art.

When used for the indicated effects, Will range betWeen about

ject, folloWed by a second bolus administration. A therapeu
tically effective amount of the composition can be adminis
tered in a single dose, or in multiple doses, for example daily,

0.1 to 2000 mg/kg of body Weight per day, and particularly 1
to 1000 mg/kg of body Weight per day. Oral dosage units are

during a course of treatment. In speci?c, non-limiting
examples, pulse doses are administered during the course of

For example, oral dosages of antagonists of ADAM-10,

generally administered in the range of from 1 to about 250
mg, such as from about 25 to 250 mg. The daily dosage for a

a day, during the course of a Week, or during the course of a

month.

70 kg mammal can be, for example, in the range of about 10
mg to 5 grams of a compound. The dosage regimen is gener
ally selected in accordance With a variety of factors including
type, species, age, Weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route of

A form of repository or “depot” sloW release preparation
can be used so that therapeutically effective amounts of the
preparation are delivered into the bloodstream over many

hours or days folloWing transdermal injection or delivery.
Such long acting formulations can be administered by

administration; the renal and hepatic function of the patient;
and the particular compound or salt thereof employed. An
ordinarily skilled physician or veterinarian can readily deter
mine and prescribe a therapeutically effective amount.
In some embodiments, pharmaceutical compositions Will
be formulated in unit dosage form, suitable for individual
administration of precise dosages. The amount of active com

implantation (for example subcutaneously or intramuscu
larly) or by intramuscular injection. The compounds can be
formulated With suitable polymeric or hydrophobic materials
(for example as an emulsion in an acceptable oil) or ion
20

example, as a sparingly soluble salt.

pound(s) administered Will be dependent on the subject being
treated, the severity of the affliction, and the manner of
administration, and is best left to the judgment of the prescrib
ing clinician. Within these bounds, the formulation to
be administered Will contain a quantity of the active compo
nent(s) in amounts effective to achieve the desired effect in
the subject being treated. See for example, US. Pat. No.
6,172,064, for a discussion of the preparation of tablets cap

sules, suppositories, formulations for injection, and formula

The therapeutic compositions that can be delivered by Way
of a pump (see Langer, supra; Sefton, CRC Cril. Ref Biomed.

Eng. 14:201, 1987; BuchWald et al., Surgery 881507, 1980;
25

appropriate by the practitioner. Other controlled release sys
tems are discussed in Langer (Science 249:1527-33, 1990).
In one example, a pump is implanted (for example see US.

Pat. Nos. 6,436,091; 5,939,380; and 5,993,414). Implantable
35

tical compositions can also contain minor amounts of non

drug infusion devices are used to provide patients With a
constant and long-term dosage or infusion of a therapeutic
agent. Such device can be categorized as either active or

toxic auxiliary substances, such as Wetting or emulsifying

passive.

agents, preservatives, and pH buffering agents and the like,
for example sodium acetate or sorbitan monolaurate. Excipi
ents that can be included in the disclosed compositions

Saudek et al., N. Engl. J. Med. 321 :574, 1989) or by continu
ous subcutaneous infusions, for example, using a mini-pump.
An intravenous bag solution can also be employed. One factor
in selecting an appropriate dose is the result obtained, as
measured by the methods disclosed here, as are deemed
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tions for inhalation therapy, such as for use With ADAM-10

inhibitors.
Compositions can be formulated With an appropriate solid
or liquid carrier, depending upon the particular mode of
administration chosen. If desired, the disclosed pharmaceu

exchange resins, or as sparingly soluble derivatives, for
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Active drug or programmable infusion devices feature a
pump or a metering system to deliver the agent into the

tions, such as for injection or infusion. Such compositions are

patient’s system. An example of such an active infusion
device currently available is the Medtronic SYN
CHROMEDTM programmable pump. Passive infusion
devices, in contrast, do not feature a pump, but rather rely
upon a pressurized drug reservoir to deliver the agent of
interest. An example of such a device includes the Medtronic

formulated generally by mixing a disclosed therapeutic agent

ISOMEDTM.

at the desired degree of purity, in a unit do sage inj ectable form
(solution, suspension, or emulsion), With a pharmaceutically
acceptable carrier, for example one that is non-toxic to recipi
ents at the dosages and concentrations employed and is com

that affects CXCL16 activity and/or expression are adminis
tered by sustained-release systems. The D ODN can also be

include How conditioners and lubricants, for example silicic
acid, talc, stearic acid or salts thereof, such as magnesium or

calcium stearate, and/or polyethylene glycol, or derivatives
thereof.

The compositions can be provided as parenteral composi
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In particular examples, compositions including an agent
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administered by sustained release systems, alone or in com

patible With other ingredients of the formulation. In addition,

bination With the agent that affects CXCL16 activity and/or

a disclosed therapeutic agent can be suspended in an aqueous
carrier, for example, in an isotonic buffer solution at a pH of
about 3.0 to about 8.0, preferably at a pH of about 3 .5 to about
7.4, 3.5 to 6.0, or 3.5 to about 5.0. Useful buffers include

expression. Suitable examples of sustained-release systems
include suitable polymeric materials (such as, semi-perme
able polymer matrices in the form of shaped articles, for
example ?lms, or mirocapsules), suitable hydrophobic mate
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sodium citrate-citric acid and sodium phosphate-phosphoric
acid, and sodium acetate/acetic acid buffers. The active ingre
dient, optionally together With excipients, can also be in the
form of a lyophilisate and can be made into a solution prior to

rials (for example as an emulsion in an acceptable oil) or ion

exchange resins, and sparingly soluble derivatives (such as,
for example, a sparingly soluble salt). Sustained-release com
60

positions can be administered orally, parenterally, intraciste

parenteral administration by the addition of suitable solvents.

mally, intraperitoneally, topically (as by poWders, ointments,

Solutions such as those that are used, for example, for
parenteral administration can also be used as infusion solu
tions.

gels, drops or transdermal patch), or as an oral or nasal spray.

Therapeutic compositions can be formulated in unit do sage
form, suitable for individual administration of precise dos
ages. In pulse doses, a bolus administration is provided, fol
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Sustained-release matrices include polylactides (U .S. Pat.
No. 3,773,919, EP 58,481), copolymers of L-glutamic acid
and gamma-ethyl-L-glutamate (Sidman et al., Biopolymers

22:547-556, 1983, poly(2-hydroxyethyl methacrylate));
(Langer et al., J. Biomed. Mater Res. 15:167-277, 1981;

