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(57) ABSTRACT

The present invention provides compositions and methods
for diagnosing and treating diabetes and insulin resistance.
In particular, the invention provides methods of identifying
modulators of CX3CR1 and using those modulators to treat
diabetes, as well as methods of diagnosing diabetes by
measuring the levels of CX3CR1 or fractalkine in a patient.



Patent Application Publication Jul. 20,2006 Sheet 1 of 9 US 2006/0160076 A1

FIGURE 1A

600

500
w 400
o I
? 1
u 300
r
[a]
>
< 200
100 |-+

LEAN OBESE DIABETIC



Patent Application Publication Jul. 20,2006 Sheet 2 of 9 US 2006/0160076 A1

FIGURE 1B

2.5

[ }}

1.5

EXPRESSION LEVELS BY TAQMAN

LEAN OBESE DIABETIC



Patent Application Publication Jul. 20,2006 Sheet 3 of 9 US 2006/0160076 A1

FIGURE 2A
[T Av.Diff =#-GINF
500 — 14
oz 400 + T12%
3 T10E
o 3007 +8 %
L 200 + 16 o
Q [ 4 E
= 100 + |7«

INSULIN SENSITIVE ~ INSULIN RESISTANT
PATIENTS



Patent Application Publication Jul. 20,2006 Sheet 4 of 9 US 2006/0160076 A1

FIGURE 2B

25.00 77 T T T T f T TR

'20.00

15.00

10.00 4——

EXPRESSION LEVELS BY TAQMAN

5.00

0.00 it —
MOST SENSITIVE ' MOST RESISTANT



Patent Application Publication Jul. 20,2006 Sheet S of 9 US 2006/0160076 A1

FIGURE 3

2.5

1.5

EXPRESSION LEVEL BY TAQMAN

05 {——

LEAN OBESE DIABETIC



Patent Application Publication Jul. 20,2006 Sheet 6 of 9

EXPRESSION LEVELS BY TAQMAN

FIGURE 4A

US 2006/0160076 A1l

ot
0
1

ONC

| |8 32%HF

D42%HF|

w

N
)

N

-
[3,]

o
o

L

ADIPOSE

SKM



Patent Application Publication Jul. 20,2006 Sheet 7 of 9 US 2006/0160076 A1

FIGURE 4B

[Onc
10220 HF!
-0 42%HF

N
(4]
!

N

1.5 4+

EXPRESSION LEVEL BY TAQMAN

(=28
o

ADIPOSE Sk



Patent Application Publication Jul. 20,2006 Sheet 8 of 9 US 2006/0160076 A1

FIGURE 5A

05 1 10 100 10 nM

B FRACTALKINE INS



Patent Application Publication Jul. 20,2006 Sheet 9 of 9 US 2006/0160076 A1

FIGURE 3B
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METHODS OF TREATING AND DIAGNOSING
DIABETES WITH CX3CR1 MODULATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims benefit of priority to
U.S. Provisional Patent Application No. 60/387,699, filed
Jun. 10, 2002, which is incorporated by reference for all
purposes.

BACKGROUND OF THE INVENTION

[0002] Chemokines constitute a super family of small,
inducible, secreted, proinflammatory cytokines involved in a
variety of immune responses, acting primarily as chemoat-
tractants and activators of specific types of leukocytes. Four
classes of chemokines have been defined by the arrangement
of the conserved cysteine (C) residues of the mature pro-
teins: the CXC chemokines that have one amino acid residue
separating the first two conserved cysteine residues; the CC
chemokines in which the first two conserved cysteines
residues are adjacent; the C chemokines that lack two (the
first and third) of the four conserved cysteine residues; and
the CX3C chemokines which have three intervening amino
acids residues between the first two conserved cysteine
residues. The C-C chemokines such as RANTES and MIP-
1a, have been characterized as chemoattractants and activa-
tors of monocytes and lymphocytes. Members of the family
of CC chemokines have been traditionally associated with
chronic inflammatory disease such as asthma, arthritis and
atherosclerosis, and implicated in regulating immune system
homeostasis and autoimmunity. The C-X-C chemokines
include a number of potent chemoattractants and activators
of neutrophils, such as interleukin 8, platelet factor four and
neutrophil-activating peptide-2. The CX3C chemokines
include fractalkine (also known as SCYD1 and neurotactin
in mice).

[0003] Chemokines mediate their activities by binding to
target cell surface chemokine receptors that belong to the
large family of G protein-coupled, seven transmembrane
domain receptors (GPCRs). To date, four CXC chemokine
receptors (CXCR-1 through 4), at least eight CC chemokine
receptors (CCR-1 through 8) and one CX3C chemokine
receptor (CX3CR) have been cloned and characterized.
Chemokines induce their effects by binding to a GPCR,
some of which are specific and interact with a single
chemokine, whereas others—the so-called shared recep-
tors—bind multiple ligands within, but not between, the CC
and CXC branches. This super family of GPCRs all share
within, but not between, the CC and CXC branches. This
super family of GPCRs all share structural features that
reflect a common mechanism of action of signal transduc-
tion. Conserved features include seven hydrophobic
domains spanning the plasma membrane, which are con-
nected by hydrophilic extracellular and intracellular loops.

[0004] The human CX3C chemokine receptor 1
(CX3CR1, also referred to as CXXXCR1, CMKBRL1 and
V28) is expressed by a variety of different cells and tissues
including peripheral blood leukocytes, neutrophils, mono-
cytes and several solid organs, including brain and spleen
(Raport et al., Gere 163:295-299 (1995); Combadiere et al.
J. Biol. Chem. 273:23799-23804 (1998); Imai et al, Cell
91:521-530 (1997)). The murine counterpart, which has 83
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percent amino acid identity to the human receptor gene, was
identified by homology hybridization with the human recep-
tor gene. The chemokine for the CX3CR1 receptor was
recently identified as fractalkine (Hieshima et al., Cell
91:521 (1997)). CX3CR4 mediates both the adhesive and
migratory functions of fractalkine.

[0005] Fractalkine, which like the receptor possesses the
novel CX3C chemokine motif, has recently been identified.
Human fractalkine n-mRNA expression is most abundant in
the brain and heart, but is also present at lower levels in other
tissues tested. Mouse fractalkine mRNA is also principally
detected in brain and to a lesser extent in other tissues.
Unlike other known chemokines, fractalkine is a type 1
membrane protein containing a chemokine domain at the
amino terminus tethered to the plasma membrane on a long
mucin-like stalk. Human fractalkine cDNA encodes a 397
amino acid residue membrane protein with a 24 amino acid
residue predicted signal peptide, a 76 amino acid residue
chemokine domain, a 24 amino acid residue stalk region
containing 17 degenerate mucin-like repeats, a 19 amino
acid residue transmembrane segment and a 37 amino acid
residue cytoplasmic domain. The murine counterpart, neu-
rotactin has overall 64% identity with higher identity
observed within the conserved chemokine domain (77%
identity). This mucin-chemokine hybrid type of protein can
exist in two forms; either membrane-bound form or soluble
secreted form. The membrane-bound form of fractalkine
protein is markedly induced on primary endothelial cells by
inflammatory cytokines, and it promotes strong adhesion of
NK cells and CD8+ T cells. The soluble secreted form of
fractalkine can be released, presumably by proteolysis at a
membrane-proximal dibasic cleavage site, and has chemo-
tactic activity for these leukocytes. The extracellular domain
of fractalkine has been shown to be released into the
supernatants of transfected cells by proteolysis at the dibasic
cleavage site proximal to the membrane. Regulation of
fractalkine cleavage is critical for maintaining the balance
between the immobilized and soluble forms. Recent reports
have identified tumor necrosis factor-o.-converting enzyme
(TACE) as being primarily responsible for generation of the
inducible soluble form of fractalkine (Tsou et al., J. Biol.
Chem., 276:44622-44626 (2001); Garton et al., J. Biol.
Chem. 276:37993-38001 (2001)). Little or no inducible
cleavage of fractalkine was evident in fibroblast derived
from TACE -/- null mice (Tsou et al., J. Biol. Chem.,
276:44622-44626 (2001)).

[0006] Fractalkine plays a central role in the trafficking of
leukocytes in tissues with high blood flow. This function is
attributed to its unique membrane bound structure, which
enables it to form strong adhesive bonds with leukocytes
expressing CX3CR1 receptor in this high shear environment
(Fong et al., J. Biol. Chem. 275:3781-3786 (2000)). How-
ever fractalkine can also act as a typical cytokine in cell
culture assays and in vivo since soluble forms of fractalkine
are able to induce the migration of different types of T and
natural killer cells through endothelial cells (Pan et al.,
Nature 387:611-617 (1997); Imai et al., Cell 91:521-530
(1997)). A recent study showed that fractalkine is cleaved
from membranes of neurons in culture in response to an
excitotoxic stimulus (Chapman et al., J. Neurosci. (Online),
20:RC87 (2000)). Fractalkine is also found to protect hip-
pocampal neurons from the neurotoxicity induced by HIV-1
envelope protein gp120;;5. This effect is due to the fact that
CX3CR1, like several other chemokine receptors, acts as a
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co-receptor for HIV virus entry into cells (Meucci et al.,
Proc. Natl. Acad. Sci. US4 97:8075-8080 (2000)).

[0007] Recently fractalkine has been proposed to have a
role in rheumatoid arthritis. It has been shown to mediate
angiogenesis of human dermal microvascular endothelial
cells. Elevated levels of fractalkine were detected in syn-
ovial fluid from patients with osteoarthritis or other forms of
arthritis (see, e.g., Ruth et al., Arthritis Rheum. 44:1568-
1581 (2001); Volin et al., Am. J. Pathol. 159:1521-1530
(2001); WO 01/60406). Immunodepletion of fractalkine
from rheumatoid arthritis synovial tissue homogenates
inhibited the ability of the synovial tissue to induce angio-
genesis in vivo.

[0008] Some signal transduction pathways that are
induced by the receptor-ligand interaction for this family of
chemokine and its receptor have been described. GPCRs are
classically coupled to heterotrimeric G-proteins, of which at
least 17 alpha (o), 4 beta (), and 7 gamma (y) subunits have
been identified. Upon ligand binding to the GPCR, the G
protein heterodimer dissociates into an active GTP bound a
subunit and a Py subunit. This triggers a series of down-
stream signals. The activated Go. subunit leads to modula-
tion of the activity of ion channels, adenylate cyclase,
phospholipases and phosphodiesterases. This leads to
changes in the intracellular levels of a variety of intracellular
signalling mediators including inositol trisphosphate, dia-
cylglycerol, cyclic AMP and calcium. The By subunits
activate the y subunit of p110 catalytic subunit of PI3-kinase
leading to the activation of the Ras—MAPK signalling
pathway. Activation of CX3CRI1 has been demonstrated to
activate some of these downstream events. CHO cells stably
overexpressing CX3CR1 treated with fractalkine results in
an influx of extracellular calcium and subsequent activation
of the MAPK pathway in a P13-kinase dependent manner
(Kansra et al., J. Biol. Chem., 276:31831-31838 (2001)).
Both calcium influx and MAPK activation could be blocked
by pretreatment with the PI3-kinase inhibitors, wortmannin
or LY294002. Receptor activation by soluble fractalkine in
hippocampal neurons induces activation of the protein
kinase AKT/PKB and the nuclear translocation of NF-kB to
the nucleus (Meucci et al., Proc. Natl. Acad. Sci. USA,
97:8075-8080 (2000)). In addition, fractalkine was shown to
activate two non-receptor tyrosine kinases, p60 src and p72
syk (Cambien et al., Blood, 97:2031-2037 (2001)).

[0009] Recent studies have shown an association with
CX3CR1 in coronary vascular endothelial dysfunction and
atherosclerosis. The study shows that a CX3CR1 polymor-
phism V2491 affects receptor expression and function. An
association was observed between the presence of the
CX3CR1 1249 allele and reduced prevalence of coronary
artery disease (McDermott et al., Circ. Res., 89:401-407
(2001); Moatti D., Blood 97:1925-1928 (2001)). The V249
I as well as a second polymorphism T280M are also found
to be associated with an increased progression of AIDS
(Faure et al., Science 287:2274-2277 (2000)).

[0010] Diabetes mellitus can be divided into two clinical
syndromes, Type 1 and Type 2 diabetes mellitus. Type 1, or
insulin-dependent diabetes mellitus (IDDM), is a chronic
autoimmune disease characterized by the extensive loss of
beta cells in the pancreatic Islets of Langerhans, which
produce insulin. As these cells are progressively destroyed,
the amount of secreted insulin decreases, eventually leading
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to hyperglycemia (abnormally high level of glucose in the
blood) when the amount of secreted insulin drops below the
level required for euglycemia (normal blood glucose level).
Although the exact trigger for this immune response is not
known, patients with IDDM have high levels of antibodies
against proteins expressed in pancreatic beta cells. However,
not all patients with high levels of these antibodies develop
IDDM.

[0011] Type 2 diabetes (also referred to as non-insulin
dependent diabetes mellitus (NIDDM)) develops when
muscle, fat and liver cells fail to respond normally to insulin.
This failure to respond (called insulin resistance) may be due
to reduced numbers of insulin receptors on these cells, or a
dysfunction of signaling pathways within the cells, or both.
The beta cells initially compensate for this insulin resistance
by increasing insulin output. Over time, these cells become
unable to produce enough insulin to maintain normal glu-
cose levels, indicating progression to Type 2 diabetes.

[0012] Type 2 diabetes is brought on by a combination of
genetic and acquired risk factors—including a high-fat diet,
lack of exercise, and aging. Worldwide, Type 2 diabetes has
become an epidemic, driven by increases in obesity and a
sedentary lifestyle, widespread adoption of western dietary
habits, and the general aging of the population in many
countries. In 1985, an estimated 30 million people world-
wide had diabetes—by 2000, this figure had increased
5-fold, to an estimated 154 million people. The number of
people with diabetes is expected to double between now and
2025, to about 300 millions.

[0013] Type 2 diabetes is a complex disease characterized
by defects in glucose and lipid metabolism. Typically there
are perturbations in many metabolic parameters including
increases in fasting plasma glucose levels, free fatty acid
levels and triglyceride levels, as well as a decrease in the
ratio of HDL/LDL. As discussed above, one of the principal
underlying causes of diabetes is thought to be an increase in
insulin resistance in peripheral tissues, principally muscle
and fat. The present invention addresses this and other
problems.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention provides methods of identi-
fying an agent for treating a patient having diabetes or a
predisposition for diabetes. In some embodiments, the meth-
ods comprise the steps of: (i) contacting a solution compris-
ing an CX3CR1 polypeptide or ligand-binding fragment
thereof with the agent, wherein the CX3CR1 polypeptide or
ligand-binding fragment thereof is encoded by a nucleic acid
that hybridizes under stringent conditions to a nucleic acid
encoding a polypeptide having an amino acid sequence
selected from the group consisting of SEQ ID NO:8, SEQ ID
NO:10 and SEQ ID NO:12; and (ii) selecting an agent that
increases the expression or activity of the CX3CR1 polypep-
tide or ligand-binding fragment thereof, thereby identifying
an agent for treating a patient having diabetes or a predis-
position for diabetes.

[0015] In some embodiments, the methods further com-
prise selecting an agent that modulates insulin sensitivity. In
some embodiments, step (ii) comprises selecting an agent
that increases expression of the CX3CRI1 polypeptide. In
some embodiments, step (ii) comprises selecting an agent
that increases the activity of the CX3CRI1 polypeptide. In
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some embodiments, the methods comprise contacting a cell
expressing a CX3CR1 polypeptide or ligand-binding frag-
ment thereof. In some embodiments, the methods comprise
detecting AKT/PKB phosphorylation. In some embodi-
ments, the cell is not treated with insulin. In some embodi-
ments, the cell is treated with insulin. In some embodiments,
the methods comprise detecting kinase activity of AKT/
PKB. In some embodiments, the methods comprise detect-
ing p42/p44 MAP kinase phosphorylation. In some embodi-
ments, the methods comprise detecting p42/p44 MAP kinase
activity. In some embodiments, the methods comprise
detecting phosphorylation of SAPK/INK1 or p38/SAPK2.
In some embodiments, the methods comprise detecting
activity of SAPK/INK1 or p38/SAPK2. In some embodi-
ments, the above-described kinase activities are detected in
vitro. In some embodiments, the methods comprise detect-
ing calcium flux in a cell. In some embodiments, the
contacting step is performed in vitro.

[0016] Insomeembodiments, the CX3CR1 polypeptide or
ligand-binding fragment thereof is expressed in a cell and
the cell is contacted with the agent. In some embodiments,
the methods comprise administering the agent to an animal
having diabetes and testing the animal for decreased blood
glucose levels compared to blood glucose levels before
administration of the agent.

[0017] In some embodiments, the methods comprise
administering the agent to an animal exhibiting insulin
resistance and testing the animal for decreased insulin levels
compared to insulin levels before administration of the
agent. In some embodiments, the methods further comprise
the steps of contacting a cell expressing a CX3CR1 polypep-
tide or ligand-binding fragment thereof with the agent and
testing the cell for modulated insulin sensitivity. In some
embodiments, insulin sensitivity is measured as a function
of GLUT4 translocation or glucose uptake.

[0018] In some embodiments, the amino acid sequence
comprises SEQ ID NO:8. In some embodiments, the amino
acid sequence comprises SEQ ID NO:10. In some embodi-
ments, the amino acid sequence comprises SEQ 1D NO:12.

[0019] The present invention also provides methods of
treating a prediabetic or diabetic animal. In some embodi-
ments, the methods comprise administering a therapeutically
effective amount of an agent that increases CX3CR1 activity
or expression. In some embodiments, the methods comprise
administering a therapeutically effective amount of an agent
identified by the methods described above. In some embodi-
ments, the animal is a human. In some embodiments, the
animal is prediabetic. In some embodiments, the animal is
diabetic.

[0020] In some embodiments, methods comprise admin-
istering a therapeutically effective amount of a polypeptide
comprising an amino acid sequence at least 70% identical to
SEQ ID NO:13. In some embodiments, the polypeptide
sequence comprises SEQ ID NO:2. In some embodiments,
the amino acid sequence comprises SEQ ID NO:13.

[0021] The present invention also provides methods of
introducing an expression cassette into a cell. In some
embodiments, the methods comprise introducing into the
cell an expression cassette comprising a promoter operably
linked to a polynucleotide encoding a polypeptide compris-
ing an amino acid sequence at least 70% identical to SEQ ID
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NO:13. In some embodiments, the polypeptide comprises
SEQ ID NO:13. In some embodiments, the polypeptide
comprises SEQ ID NO:2. In some embodiments, the cell is
selected from the group consisting of adipocytes, skeletal
muscle, liver and blood cells. In some embodiments, the cell
is introduced into a patient. In some embodiments, the
patient is diabetic. In some embodiments, the patient is
prediabetic. In some embodiments, the cell is from the
patient. In some embodiments, the expression cassette is
introduced into the cell in a viral vector.

[0022] The present invention also provides methods of
diagnosing Type 2 diabetes or prediabetic individuals. In
some embodiments, the methods comprise detecting in a
sample from the individual the level of a CX3CR1 polypep-
tide or the level of a polynucleotide encoding a CX3CR1
polypeptide, wherein the CX3CR1 polypeptide is encoded
by a nucleic acid that hybridizes under stringent conditions
to a nucleic acid encoding a polypeptide having an amino
acid sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:10, and SEQ ID NO:12, wherein an
increased level of the polypeptide or polynucleotide in the
sample compared to a level of the polypeptide or polynucle-
otide in either a lean person or a previous sample from the
individual indicates that the individual is diabetic or predia-
betic.

[0023] Insomeembodiments, the detecting step comprises
contacting the sample with an antibody that specifically
binds to the CX3CR1 polypeptide. In some embodiments,
the amino acid sequence comprises SEQ ID NO:8. In some
embodiments, the amino acid sequence comprises SEQ ID
NO:10. In some embodiments, the amino acid sequence
comprises SEQ ID NO:12.

[0024] Insome embodiments, the detecting step comprises
quantifying mRNA encoding the CX3CRI1 polypeptide. In
some embodiments, the mRNA is reverse transcribed and
amplified in a polymerase chain reaction. In some embodi-
ments, the sample is a tissue sample.

[0025] In some embodiments, the methods comprise
detecting in a biological sample from the patient the level of
fractalkine, wherein an increased level of the fractalkine in
the sample compared to a level of fractalkine in either a lean
individual or a previous sample from the patient indicates
that the patient is diabetic or prediabetic; and wherein the
fractalkine polypeptide is encoded by a nucleic acid that
hybridizes under stringent conditions to a nucleic acid
encoding a polypeptide having an amino acid sequence
selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:4, SEQ ID NO:6 and SEQ ID NO:13.

[0026] Insomeembodiments, the detecting step comprises
contacting the sample with an antibody that specifically
binds to fractalkine. In some embodiments, the sample is
selected from the group consisting of a tissue sample, blood
sample, saliva sample, and urine sample. In some embodi-
ments, the polypeptide comprises SEQ ID NO:13. In some
embodiments, the polypeptide comprises SEQ ID NO:2.

Definitions

[0027] “Insulin sensitivity” refers to the ability of a cell or
tissue to respond to insulin. Responses include, e.g., glucose
uptake of a cell or tissue in response to insulin stimulation.
Sensitivity can be determined at an organismal, tissue or
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cellular level. For example, blood or urine glucose levels
following a glucose tolerance test are indicative of insulin
sensitivity. Other methods of measuring insulin sensitivity
include, e.g., measuring glucose uptake (see, e.g., Garcia de
Herreros, A., and Birmbaum, M. J. J. Biol. Chem. 264,
19994-19999 (1989); Klip, A., Li, G., and Logan, W. J. Am.
J. Physiol. 247, E291-296 (1984)), measuring the glucose
infusion rate (GINF) into tissue such as the skeletal muscle
(see, e.g., Ludvik et al., J Clin. Invest. 100:2354 (1997);
Frias et al., Diabetes Care 23:64, (2000)) and measuring
sensitivity of GLUT4 translocation (e.g., as described
herein) in response to insulin.

[0028] “CX3CRI1 activity” refers to the ability of a
CX3CR1 polypeptide to bind ligands such as fractalkine
and/or to transduce a signal Activity can be measured by,
e.g., simple competitive binding assays to determine ligand
binding, by measuring physiological (e.g., calcium or inosi-
tol phosphate changes) or biochemical responses to
CX3CR1 in a cell (e.g., activation or phosphorylation of
downstream proteins such as AKT/PKB, MAPK, SAPK/
INK, p38/SAPK2 and the like) as described herein or known
to those of skill in the art.

[0029] “Ligand binding fragment” refers to an amino acid
sequence (such as CX3CR1) capable of binding to a
chemokine ligand such as fractalkine.

[0030] “Predisposition for diabetes” occurs in a person
when the person is at high risk for developing diabetes. A
number of risk factors are known to those of skill in the art
and include: genetic factors (e.g., carrying alleles that result
in a higher occurrence of diabetes than in the average
population or having parents or siblings with diabetes);
overweight (e.g., body mass index (BMI) greater or equal to
25 kg/m?); habitual physical inactivity, race/ethnicity (e.g.,
African-American, Hispanic-American, Native Americans,
Asian-Americans, Pacific Islanders); previously identified
impaired fasting glucose or impaired glucose tolerance,
hypertension (e.g., greater or equal to 140/90 mmHg in
adults); HDL cholesterol greater or equal to 35 mg/dl;
triglyceride levels greater or equal to 250 mg/dl; a history of
gestational diabetes or delivery of a baby over nine pounds;
and/or polycystic ovary syndrome. See, e.g., “Report of the
Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus” and “Screening for Diabetes”Diabetes
Care 25(1): S5-824 (2002).

[0031] A “lean individual,” when used to compare with a
sample from a patient, refers to an adult with a fasting blood
glucose level less than 110 mg/dl or a 2 hour PG reading of
140 mg/dl. “Fasting” refers to no caloric intake for at least
8 hours. A “2 hour PG” refers to the level of blood glucose
after challenging a patient to a glucose load containing the
equivalent of 75 g anhydrous glucose dissolved in water.
The overall test is generally referred to as an oral glucose
tolerance test (OGTT). See, e.g., Diabetes Care, Supplement
2002, American Diabetes Association: Clinical Practice
Recommendations 2002. The level of a polypeptide in a lean
individual can be a reading from a single individual, but is
typically a statistically relevant average from a group of lean
individuals. The level of a polypeptide in a lean individual
can be represented by a value, for example in a computer
program.

[0032] A “pre-diabetic individual,” when used to compare
with a sample from a patient, refers to an adult with a fasting
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blood glucose level greater than 110 mg/dl but less than 126
mg/dl or a 2 hour PG reading of greater than 140 mg/dl but
less than 200 mg/dl. A “diabetic individual,” when used to
compare with a sample from a patient, refers to an adult with
a fasting blood glucose level greater than 126 mg/dl or a 2
hour PG reading of greater than 200 mg/dl.

[0033] A “CX3CRI nucleic acid” or “CX3CRI1 polynucle-
otide” of the invention is a subsequence or full-length
polynucleotide sequence of a gene that encodes an CX3CR1
polypeptide. Exemplary CX3CR1 nucleic acids of the
invention include sequences substantially identical to
CX3CR1 (see, e.g., SEQ ID NOs: 7, 9 and 11). Exemplary
CX3CR1 polynucleotides encode, e.g., SEQ ID NOs:8, 10
and 12. The nucleotide sequence encoding human CX3C
chemokine receptor 1 (CX3CR1) is deposited in Genbank
under the Accession number of U20350 has an open reading
frame beginning at position 88 and ending with a stop codon
at position 1155. See, SEQ ID NO:7. The nucleotide
sequence encoding mouse CX3C chemokine receptor 1
(CX3CR1) is deposited in Genbank under the Accession
number of AF074912 and has an open reading frame begin-
ning at position 220 and ending with a stop codon at position
1284. See SEQ ID NO:9. The nucleotide sequence encoding
rat CX3C chemokine receptor 1 (CX3CR1) is deposited in
Genbank under the Accession number of U04808 and has an
open reading frame beginning at position 68 and ending with
a stop codon at position 1132. See SEQ ID NO:11.

[0034] “CX3CRI1 polypeptide” or “CX3CR1” refers to a
polypeptide, or fragment thereof, that is substantially iden-
tical to a polypeptide encoded by CX3CRI1 (e.g., SEQ ID
NO:7, SEQ ID NO:9, and SEQ ID NO:11. CX3CR1 is a
G-protein coupled receptor (GPCR) GPCR structure is
known to those of skill in the art and comprises at least three
domains: an N-terminal ligand binding domain, and trans-
membrane domain (seven transmembrane regions) and a
C-terminal signal transduction domain. CX3CR1 polypep-
tides have the ability to bind the chemokine fractalkine and
typically can transduce a signal as a result of that binding.

[0035] “Fractalkine” refers to a chemokine capable of
binding CX3CR1. See, e.g., Fong et al. J. Biol. Chem.
275:3781-3786 (2000); Imai et al., Cell 91(4):521-30
(1997). Exemplary fractalkine polypeptides include, e.g.,
SEQ ID NOs:2, 4, and 6. A nucleotide sequence encoding
human-fractalkine is deposited in Genbank under the Acces-
sion number NM_ 002996 and has an open reading frame
beginning at position 80 and ending with a stop codon at
position 1273. See, also, SEQ ID NO:1. Nucleotides 80-151
encode the signal peptide, nucleotides 152-1270 encode the
mature peptide, nucleotides 152-379 encode the chemokine
module, nucleotides 380-1102 encode the glycosylation
stalk, nucleotides 1103-1159 encode the transmembrane
helix, and nucleotides 1160-1270 encode the intracellular
domain. The nucleotide sequence encoding mouse fractalk-
ine deposited in Genbank under the Accession number
AF071549, having an open reading frame beginning at
position 77 and ending with a stop codon at position 1264.
The nucleotide sequence encoding rat fractalkine deposited
in Genbank under the Accession number AF030358, having
an open reading frame beginning at position 21 and ending
with the stop codon at position 1202. See, SEQ ID NO:5.
The chemokine domain of human fractalkine is displayed in
SEQ ID NO:13 (amino acid) and SEQ ID NO:14 (nucle-
otide). A structure/function mutational analysis has been
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performed and reveals residues the effect fractalkine func-
tion. See, e.g., Harrison, et al, J Biol Chem.
276(24):21632-21641 (2001).

[0036] Chemokines exhibit a conserved structure, which
features a core globular § barrel established by three anti-
parallel p-strands. See, e.g., Clark-Lewis et al., J. Leukoc.
Biol. 5745 (522):703-711 (1995); Lusti-Narasimhan et al., J.
Biol. Chem. 270:2716-2721 (1995); Schwarz & Wells, Curr.
Opin. In Chem. Biol. 3:407-417 (1999); Fernandez & Lolis,
Annu. Rev. Pharmacol. Toxicol. 42:469-499 (2002). This
core is flanked by a highly basic C-terminal o-helix and a
short, relatively disordered N-terminal segment. The N-ter-
minal segment contains much, and sometimes all, of the
structural information required for receptor specificity. The
core structure of chemokines is maintained in part by the
disulfide bonds between the cysteine residues that are posi-
tionally conserved. Chemokines share the same three-di-
mensional fold despite a sequence identity of less than 20%.

[0037] An “agonist of CX3CR1” refers to an agent that
binds to CX3CRI1, stimulates, increases, activates, facili-
tates, enhances activation, sensitizes or up regulates the
activity or expression of CX3CRI.

[0038] An “antagonist of CX3CR1” refers to an agent that
binds to, partially or totally blocks stimulation, decreases,
prevents, delays activation, inactivates, desensitizes, or
down regulates the activity or expression of CX3CRI1.

[0039] “Antibody” refers to a polypeptide substantially
encoded by an immunoglobulin gene or immunoglobulin
genes, or fragments thereof which specifically bind and
recognize an analyte (antigen). The recognized immunoglo-
bulin genes include the kappa, lambda, alpha, gamma, delta,
epsilon and mu constant region genes, as well as the myriad
immunoglobulin variable region genes. Light chains are
classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in
turn define the immunoglobulin classes, IgG, IgM, IgA, IgD
and IgE, respectively.

[0040] An exemplary immunoglobulin (antibody) struc-
tural unit comprises a tetramer. Each tetramer is composed
of'two identical pairs of polypeptide chains, each pair having
one “light” (about 25 kD) and one “heavy” chain (about
50-70 kD). The N-terminus of each chain defines a variable
region of about 100 to 110 or more amino acids primarily
responsible for antigen recognition. The terms variable light
chain (V) and variable heavy chain (Vy;) refer to these light
and heavy chains respectively.

[0041] Antibodies exist, e.g., as intact immunoglobulins
or as a number of well characterized fragments produced by
digestion with various peptidases. Thus, for example, pepsin
digests an antibody below the disulfide linkages in the hinge
region to produce F(ab)',, a dimer of Fab which itself is a
light chain joined to Vy-Cyl by a disulfide bond. The
F(ab)' may be reduced under mild conditions to break the
disulfide linkage in the hinge region, thereby converting the
F(ab)', dimer into an Fab' monomer. The Fab' monomer is
essentially an Fab with part of the hinge region (see, Paul
(Ed.) Fundamental Immunology, Third Edition, Raven
Press, NY (1993)). While various antibody fragments are
defined in terms of the digestion of an intact antibody, one
of skill will appreciate that such fragments may be synthe-
sized de novo either chemically or by utilizing recombinant
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DNA methodology. Thus, the term antibody, as used herein,
also includes antibody fragments either produced by the
modification of whole antibodies or those synthesized de
novo using recombinant DNA methodologies (e.g., single
chain Fv).

[0042] The terms “peptidomimetic” and “mimetic” refer
to a synthetic chemical compound that has substantially the
same structural and functional characteristics of the
CX3CR1 antagonists or agonists of the invention. Peptide
analogs are commonly used in the pharmaceutical industry
as non-peptide drugs with properties analogous to those of
the template peptide. These types of non-peptide compound
are termed “peptide mimetics” or ‘“peptidomimetics”
(Fauchere, J. Adv. Drug Res. 15:29 (1986); Veber and
Freidinger 7INS p. 392 (1985); and Evans et al. J. Med.
Chem. 30:1229 (1987), which are incorporated herein by
reference). Peptide mimetics that are structurally similar to
therapeutically useful peptides may be used to produce an
equivalent or enhanced therapeutic or prophylactic effect.
Generally, peptidomimetics are structurally similar to a
paradigm polypeptide (i.e., a polypeptide that has a biologi-
cal or pharmacological activity), such as an CX3CR1
polypeptide agonist, but have one or more peptide linkages
optionally replaced by a linkage selected from the group
consisting of, e.g., —CH2NH—, —CH2S—, —CH2-CH2-,
—CH=CH— (cis and trans), —COCH2-,
—CH(OH)CH2-, and —CH2SO—. The mimetic can be
either entirely composed of synthetic, non-natural analogues
of amino acids, or, is a chimeric molecule of partly natural
peptide amino acids and partly non-natural analogs of amino
acids. The mimetic can also incorporate any amount of
natural amino acid conservative substitutions as long as such
substitutions also do not substantially alter the mimetic’s
structure and/or activity. For example, a mimetic composi-
tion is within the scope of the invention if it is capable of
carrying out the binding or other activities of a CX3CR1
agonist or antagonist.

[0043] The term “gene” means the segment of DNA
involved in producing a polypeptide chain; it includes
regions preceding and following the coding region (leader
and trailer) as well as intervening sequences (introns)
between individual coding segments (exons).

[0044] The term “isolated,” when applied to a nucleic acid
or protein, denotes that the nucleic acid or protein is essen-
tially free of other cellular components with which it is
associated in the natural state. It is preferably in a homoge-
neous state although it can be in either a dry or aqueous
solution. Purity and homogeneity are typically determined
using analytical chemistry techniques such as polyacryla-
mide gel electrophoresis or high performance liquid chro-
matography. A protein that is the predominant species
present in a preparation is substantially purified. In particu-
lar, an isolated gene is separated from open reading frames
that flank the gene and encode a protein other than the gene
ofinterest. The term “purified” denotes that a nucleic acid or
protein gives rise to essentially one band in an electro-
phoretic gel. Particularly, it means that the nucleic acid or
protein is at least 85% pure, more preferably at least 95%
pure, and most preferably at least 99% pure.

[0045] The term “nucleic acid” or “polynucleotide” refers
to deoxyribonucleotides or ribonucleotides and polymers
thereof in either single- or double-stranded form. Unless
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specifically limited, the term encompasses nucleic acids
containing known analogues of natural nucleotides that have
similar binding properties as the reference nucleic acid and
are metabolized in a manner similar to naturally occurring
nucleotides. Unless otherwise indicated, a particular nucleic
acid sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon substitu-
tions) and complementary sequences as well as the sequence
explicitly indicated. Specifically, degenerate codon substi-
tutions may be achieved by generating sequences in which
the third position of one or more selected (or all) codons is
substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et
al.,, J. Biol. Chem. 260:2605-2608 (1985); and Cassol et al.
(1992); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).
The term nucleic acid is used interchangeably with gene,
c¢DNA, and mRNA encoded by a gene.

[0046] The terms “polypeptide,”‘peptide” and “protein”
are used interchangeably herein to refer to a polymer of
amino acid residues. The terms apply to amino acid poly-
mers in which one or more amino acid residue is an artificial
chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymers.
As used herein, the terms encompass amino acid chains of
any length, including full-length proteins (i.e., antigens),
wherein the amino acid residues are linked by covalent
peptide bonds.

[0047] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
y-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, i.e., an a
carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. “Amino acid
mimetics” refers to chemical compounds that have a struc-
ture that is different from the general chemical structure of
an amino acid, but which functions in a manner similar to a
naturally occurring amino acid.

[0048] Amino acids may be referred to herein by either the
commonly known three letter symbols or by the one-letter
symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be
referred to by their commonly accepted single-letter codes.

[0049] “Conservatively modified variants” applies to both
amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, “conservatively modified
variants™ refers to those nucleic acids that encode identical
or essentially identical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy
of the genetic code, a large number of functionally identical
nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino
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acid alanine. Thus, at every position where an alanine is
specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the
encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified variations. Every nucleic acid sequence herein that
encodes a polypeptide also describes every possible silent
variation of the nucleic acid. One of skill will recognize that
each codon in a nucleic acid (except AUG, which is ordi-
narily the only codon for methionine, and TGG, which is
ordinarily the only codon for tryptophan) can be modified to
yield a functionally identical molecule. Accordingly, each
silent variation of a nucleic acid that encodes a polypeptide
is implicit in each described sequence.

[0050] As to amino acid sequences, one of skill will
recognize that individual substitutions, deletions or addi-
tions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or
a small percentage of amino acids in the encoded sequence
is a “conservatively modified variant” where the alteration
results in the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known in the
art. Such conservatively modified variants are in addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles of the invention.

[0051] The following eight groups each contain amino
acids that are conservative substitutions for one another:

1) Alanine (A), Glycine (G);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) Serine (S), Threonine (T); and

8) Cysteine (C), Methionine (M)

(see, e.g., Creighton, Proteins (1984)).

[0052] “Percentage of sequence identity” is determined by
comparing two optimally aligned sequences over a compari-
son window, wherein the portion of the polynucleotide
sequence in the comparison window may comprise additions
or deletions (i.e., gaps) as compared to the reference
sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percentage
is calculated by determining the number of positions at
which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the
total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of
sequence identity.

[0053] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same (i.e., 60%
identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, or
95% identity over a specified region, or, when not specified,
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over the entire sequence), when compared and aligned for
maximum correspondence over a comparison window, or
designated region as measured using one of the following
sequence comparison algorithms or by manual alignment
and visual inspection. Such sequences are then said to be
“substantially identical.” This definition also refers to the
complement of a test sequence. Optionally, the identity
exists over a region that is at least about 50 nucleotides in
length, or more preferably over a region that is 100 to 500
or 1000 or more nucleotides in length.

[0054] The term “similarity,” or percent “similarity,” in
the context of two or more polypeptide sequences, refer to
two or more sequences or subsequences that have a specified
percentage of amino acid residues that are either the same or
similar as defined in the 8 conservative amino acid substi-
tutions defined above (i.e., 60%, optionally 65%, 70%, 75%,
80%, 85%, 90%, 95%, 98% or 99% similar over a specified
region or, when not specified, over the entire sequence),
when compared and aligned for maximum correspondence
over a comparison window, or designated region as mea-
sured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection.
Such sequences are then said to be “substantially similar.”
Optionally, this identity exists over a region that is at least
about 50 amino acids in length, or more preferably over a
region that is at least about 100, 200, 300, 400, 500 or 1000
or more amino acids in length.

[0055] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are entered into a computer,
subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative
parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for
the test sequences relative to the reference sequence, based
on the program parameters.

[0056] A “comparison window”, as used herein, includes
reference to a segment of any one of the number of con-
tiguous positions selected from the group consisting of from
20 to 600, usually about 50 to about 200, more usually about
100 to about 150 in which a sequence may be compared to
a reference sequence of the same number of contiguous
positions after the two sequences are optimally aligned.
Methods of alignment of sequences for comparison are well
known in the art. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology
algorithm of Smith and Waterman (1970) Adv. Appl. Math.
2:482c, by the homology alignment algorithm of Needleman
and Wunsch (1970) J. Mol. Biol. 48:443, by the search for
similarity method of Pearson and Lipman (1988) Proc.
Nat’l. Acad. Sci. USA 85:2444, by computerized implemen-
tations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, Wis.),
or by manual alignment and visual inspection (see, e.g.,
Ausubel et al., Current Protocols in Molecular Biology
(1995 supplement)).

[0057] One example of a useful algorithm is PILEUP.
PILEUP creates a multiple sequence alignment from a group
of related sequences using progressive, pairwise alignments
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to show relationship and percent sequence identity. It also
plots a tree or dendogram showing the clustering relation-
ships used to create the alignment. PILEUP uses a simpli-
fication of the progressive alignment method of Feng and
Doolittle (1987) J. Mol. Evol. 35:351-360. The method used
is similar to the method described by Higgins and Sharp
(1989) CABIOS 5:151-153. The program can align up to 300
sequences, each of a maximum length of 5,000 nucleotides
or amino acids. The multiple alignment procedure begins
with the pairwise alignment of the two most similar
sequences, producing a cluster of two aligned sequences.
This cluster is then aligned to the next most related sequence
or cluster of aligned sequences. Two clusters of sequences
are aligned by a simple extension of the pairwise alignment
of'two individual sequences. The final alignment is achieved
by a series of progressive, pairwise alignments. The program
is run by designating specific sequences and their amino acid
or nucleotide coordinates for regions of sequence compari-
son and by designating the program parameters. Using
PILEUP, a reference sequence is compared to other test
sequences to determine the percent sequence identity rela-
tionship using the following parameters: default gap weight
(3.00), default gap length weight (0.10), and weighted end
gaps. PILEUP can be obtained from the GCG sequence
analysis software package, e.g., version 7.0 (Devereaux et
al. (1984) Nuc. Acids Res. 12:387-395).

[0058] Another example of an algorithm that is suitable
for determining percent sequence identity and sequence
similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul et al. (1977) Nuc. Acids Res.
25:3389-3402, and Altschul et al. (1990) J. Mol. Biol.
215:403-410, respectively. Software for performing BLAST
analyses is publicly available through the National Center
for Biotechnology Information (http://www.ncbi.nlm.nih-
.gov/). This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length
W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word
of the same length in a database sequence. T is referred to
as the neighborhood word score threshold (Altschul et al.,
supra). These initial neighborhood word hits act as seeds for
initiating searches to find longer HSPs containing them. The
word hits are extended in both directions along each
sequence for as far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for nucle-
otide sequences, the parameters M (reward score for a pair
of matching residues; always >0) and N (penalty score for
mismatching residues; always <0). For amino acid
sequences, a scoring matrix is used to calculate the cumu-
lative score. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumula-
tive score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm param-
eters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M=5, N=-4 and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength of 3, and expectation (E) of 10,
and the BLOSUMS62 scoring matrix (see Henikoff and
Henikoft' (1989) Proc. Natl. Acad. Sci. US4 89:10915)
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alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands.

[0059] The BLAST algorithm also performs a statistical
analysis of the similarity between two sequences (see, e.g.,
Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-5787). One measure of similarity provided by the
BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a
match between two nucleotide or amino acid sequences
would occur by chance. For example, a nucleic acid is
considered similar to a reference sequence if the smallest
sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.2, more
preferably less than about 0.01, and most preferably less
than about 0.001.

[0060] An indication that two nucleic acid sequences or
polypeptides are substantially identical is that the polypep-
tide encoded by the first nucleic acid is immunologically
cross reactive with the antibodies raised against the polypep-
tide encoded by the second nucleic acid, as described below.
Thus, a polypeptide is typically substantially identical to a
second polypeptide, for example, where the two peptides
differ only by conservative substitutions. Another indication
that two nucleic acid sequences are substantially identical is
that the two molecules or their complements hybridize to
each other under stringent conditions, as described below.
Yet another indication that two nucleic acid sequences are
substantially identical is that the same primers can be used
to amplify the sequence.

[0061] The phrase “selectively (or specifically) hybridizes
to” refers to the binding, duplexing, or hybridizing of a
molecule only to a particular nucleotide sequence under
stringent hybridization conditions when that sequence is
present in a complex mixture (e.g., total cellular or library
DNA or RNA).

[0062] The phrase “stringent hybridization conditions”
refers to conditions under which a probe will hybridize to its
target subsequence, typically in a complex mixture of
nucleic acid, but to no other sequences. Stringent conditions
are sequence-dependent and will be different in different
circumstances. Longer sequences hybridize specifically at
higher temperatures. An extensive guide to the hybridization
of nucleic acids is found in Tijssen, Techniques in Biochem-
istry and Molecular Biology—Hybridization with Nucleic
Probes, “Overview of principles of hybridization and the
strategy of nucleic acid assays” (1993). Generally, stringent
conditions are selected to be about 5-10° C. lower than the
thermal melting point (T,,) for the specific sequence at a
defined ionic strength pH. The T, is the temperature (under
defined ionic strength, pH, and nucleic concentration) at
which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at T, , 50% of the probes are
occupied at equilibrium). Stringent conditions will be those
in which the salt concentration is less than about 1.0 M
sodium ion, typically about 0.01 to 1.0 M sodium ion
concentration (or other salts) at pH 7.0 to 8.3 and the
temperature is at least about 30° C. for short probes (e.g., 10
to 50 nucleotides) and at least about 60° C. for long probes
(e.g., greater than 50 nucleotides). Stringent conditions may
also be achieved with the addition of destabilizing agents
such as formamide. For selective or specific hybridization, a
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positive signal is at least two times background, optionally
10 times background hybridization. Exemplary stringent
hybridization conditions can be as following: 50% forma-
mide, 5xSSC, and 1% SDS, incubating at 42° C., or 5xSSC,
1% SDS, incubating at 65° C., with wash in 0.2xSSC, and
0.1% SDS at 55° C., 60° C., or 65° C. Such washes can be
performed for 5, 15, 30, 60, 120, or more minutes.

[0063] Nucleic acids that do not hybridize to each other
under stringent conditions are still substantially identical if
the polypeptides that they encode are substantially identical.
This occurs, for example, when a copy of a nucleic acid is
created using the maximum codon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderately stringent hybridization con-
ditions” include a hybridization in a buffer of 40% forma-
mide, 1 M NaCl, 1% SDS at 37° C., and a wash in 1xSSC
at 45° C. Such washes can be performed for 5, 15, 30, 60,
120, or more minutes. A positive hybridization is at least
twice background. Those of ordinary skill will readily
recognize that alternative hybridization and wash conditions
can be utilized to provide conditions of similar stringency.

[0064] The phrase “a nucleic acid sequence encoding”
refers to a nucleic acid which contains sequence information
for a structural RNA such as rRNA, a tRNA, or the primary
amino acid sequence of a specific protein or peptide, or a
binding site for a transacting regulatory agent. This phrase
specifically encompasses degenerate codons (i.e., different
codons which encode a single amino acid) of the native
sequence or sequences that may be introduced to conform
with codon preference in a specific host cell.

[0065] The term “recombinant” when used with reference,
e.g., to a cell, or nucleic acid, protein, or vector, indicates
that the cell, nucleic acid, protein or vector, has been
modified by the introduction of a heterologous nucleic acid
or protein or the alteration of a native nucleic acid or protein,
or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found
within the native (nonrecombinant) form of the cell or
express native genes that are otherwise abnormally
expressed, under-expressed or not expressed at all.

[0066] The term “heterologous” when used with reference
to portions of a nucleic acid indicates that the nucleic acid
comprises two or more subsequences that are not found in
the same relationship to each other in nature. For instance,
the nucleic acid is typically recombinantly produced, having
two or more sequences from unrelated genes arranged to
make a new functional nucleic acid, e.g., a promoter from
one source and a coding region from another source. Simi-
larly, a heterologous protein indicates that the protein com-
prises two or more subsequences that are not found in the
same relationship to each other in nature (e.g., a fusion
protein).

[0067] An “expression vector” is a nucleic acid construct,
generated recombinantly or synthetically, with a series of
specified nucleic acid elements that permit transcription of a
particular nucleic acid in a host cell. The expression vector
can be part of a plasmid, virus, or nucleic acid fragment.
Typically, the expression vector includes a nucleic acid to be
transcribed operably linked to a promoter.

[0068] The phrase “specifically (or selectively) binds to an
antibody” or “specifically (or selectively) immunoreactive
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with”, when referring to a protein or peptide, refers to a
binding reaction which is determinative of the presence of
the protein in the presence of a heterogeneous population of
proteins and other biologics. Thus, under designated immu-
noassay conditions, the specified antibodies bind to a par-
ticular protein and do not bind in a significant amount to
other proteins present in the sample. Specific binding to an
antibody under such conditions may require an antibody that
is selected for its specificity for a particular protein. For
example, antibodies raised against a protein having an
amino acid sequence encoded by any of the polynucleotides
of the invention can be selected to obtain antibodies spe-
cifically immunoreactive with that protein and not with other
proteins, except for polymorphic variants. A variety of
immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For
example, solid-phase ELISA immunoassays, Western blots,
or immunohistochemistry are routinely used to select mono-
clonal antibodies specifically immunoreactive with a pro-
tein. See, Harlow and Lane Antibodies, A Laboratory
Manual, Cold Spring Harbor Publications, NY (1988) for a
description of immunoassay formats and conditions that can
be used to determine specific immunoreactivity. Typically, a
specific or selective reaction will be at least twice the
background signal or noise and more typically more than 10
to 100 times background.

[0069] “Inhibitors,”activators,” and “modulators” of
CX3CRI1 expression or of CX3CR1 activity are used to refer
to inhibitory, activating, or modulating molecules, respec-
tively, identified using in vitro and in vivo assays for
CX3CR1 expression or CX3CRI1 activity, e.g., ligands,
agonists, antagonists, and their homologs and mimetics. The
term “modulator” includes inhibitors and activators. Inhibi-
tors are agents that, e.g., inhibit expression of CX3CR1 or
bind to, partially or totally block stimulation, decrease,
prevent, delay activation, inactivate, desensitize, or down
regulate the activity of CX3CRI1, e.g., antagonists. Activa-
tors are agents that, e.g., induce or activate the expression of
a CX3CR1 or bind to, stimulate, increase, open, activate,
facilitate, or enhance activation, sensitize or up regulate the
activity of CX3CRI1, e.g., agonists. Modulators include
naturally occurring and synthetic ligands, antagonists, ago-
nists, small chemical molecules and the like. Such assays for
inhibitors and activators include, e.g., applying putative
modulator compounds to cells expressing CX3CR1 and then
determining the functional effects on CX3CR1 activity, as
described above. Samples or assays comprising CX3CR1
that are treated with a potential activator, inhibitor, or
modulator are compared to control samples without the
inhibitor, activator, or modulator to examine the extent of
effect. Control samples (untreated with modulators) are
assigned a relative CX3CR1 activity value of 100%. Inhi-
bition of CX3CR1 is achieved when the CX3CRI1 activity
value relative to the control is about 80%, optionally 50% or
25, 10%, 5% or 1%. Activation of CX3CRI1 is achieved
when the CX3CRI1 activity value relative to the control is
110%, optionally 150%, optionally 200, 300%, 400%,
500%, or 1000-3000% or more higher.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] FIGS. 1 through 3 are bar graphs illustrating the
expression levels of fractalkine and CX3CR1 mRNA in the
skeletal muscle of humans.
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[0071] FIGS. 4A and 4B are bar graphs illustrating the
expression levels of mouse neurotactin (fractalkine) and
CX3CR1 mRNA in the skeletal muscle and adipose from
diet-induced insulin resistant mice. The Students t-test was
used to compare groups. Values of p=0.05 were considered
significant.

[0072] FIG. 5A illustrates a western blot bound with
anti-phosphoserine 473-AKT/PKB rabbit polyclonal anti-
bodies.

[0073] FIG. 5B is a bar garph illustrating the effect of
increasing concentrations of fractalkine on insulin-stimu-
lated glucose uptake in adipocytes.

DETAILED DESCRIPTION OF THE
INVENTION

1. Introduction

[0074] The present application demonstrates that, surpris-
ingly, elevated levels of CX3CR1 mRNA occur in skelatal
muscle from both insulin resistant obese, non-diabetic indi-
viduals and type 2 diabetic individuals. In addition, levels of
fractalkine (the chemokine ligand of CX3CRI1) are also
elevated in human skeletal muscle from type 2 diabetics. A
rodent model of diet induced obesity and insulin resistance
also displayed elevated expression levels of CX3CR1 and
neurotactin in skeletal muscle. Moreover, pretreatment of
adipocytes with the chemokine domain of recombinant
fractalkine increases insulin-stimulated glucose uptake.
Thus, without intending to limit the invention to a particular
mechanism of action, it is believed that upregulation of
CX3CR1 activity is beneficial in treating diabetic, pre-
diabetic or obese insulin resistant, non-diabetic patients.
Furthermore, elevated levels of CX3CRI1 or fractalkine are
indicative of insulin resistance. Thus, the detection of either
CX3CR1 or fractalkine is useful for diagnosis of diabetes
and insulin resistance.

[0075] This invention provides methods of using CX3CR1
sequences and modulators of CX3CR1 to diagnose and treat
diabetes and related metabolic diseases. The present method
also provides methods of identifying modulators of
CX3CR1 expression and activity. Such modulators are use-
ful for treating Type 2 diabetes as well as the pathological
aspects of diabetes.

II. General Recombinant Nucleic Acid Methods for Use
with the Invention

[0076] Innumerous embodiments of the present invention,
nucleic acids encoding a CX3CR1 or fractalkine of interest
will be isolated and cloned using recombinant methods.
Such embodiments are used, e.g., to isolate CX3CR1 poly-
nucleotides (e.g., SEQ ID NO: 7, SEQ ID NO: 9, and SEQ
ID NO:11) and fractalkine polynucleotides (e.g., SEQ ID
NO:1, SEQ ID NO:3 and SEQ ID NO:5) for protein expres-
sion or during the generation of variants, derivatives, expres-
sion cassettes, or other sequences derived from an CX3CR1
polypeptide (e.g., SEQ ID NO:8, SEQ ID NO:10, and SEQ
ID NO:12) or a fractalkine polypeptide (e.g., SEQ ID NO:2,
SEQ ID NO:4, and SEQ ID NO:6), to monitor gene expres-
sion, for the isolation or detection of CX3CR1 or fractalkine
sequences in different species, for diagnostic purposes in a
patient, e.g., to detect mutations in CX3CR1 or fractalkine
or to detect expression levels of nucleic acids or polypep-
tides. In some embodiments, the sequences encoding the
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polypeptides of the invention are operably linked to a
heterologous promoter. In one embodiment, the nucleic
acids of the invention are from any mammal, including, in
particular, e.g., a human, a mouse, a rat, etc.

[0077] A. General Recombinant Nucleic Acid Methods

[0078] This invention relies on routine techniques in the
field of recombinant genetics. Basic texts disclosing the
general methods of use in this invention include Sambrook
et al., Molecular Cloning, A Laboratory Manual (3rd ed.
2001); Kriegler, Gene Transfer and Expression: A Labora-
tory Manual (1990); and Current Protocols in Molecular
Biology (Ausubel et al., eds., 1994)).

[0079] For nucleic acids, sizes are given in either kilo-
bases (kb) or base pairs (bp). These are estimates derived
from agarose or acrylamide gel electrophoresis, from
sequenced nucleic acids, or from published DNA sequences.
For proteins, sizes are given in kilodaltons (kDa) or amino
acid residue numbers. Proteins sizes are estimated from gel
electrophoresis, from sequenced proteins, from derived
amino acid sequences, or from published protein sequences.

[0080] Oligonucleotides that are not commercially avail-
able can be chemically synthesized according to the solid
phase phosphoramidite triester method first described by
Beaucage & Caruthers, Tetrahedron Letts. 22:1859-1862
(1981), using an automated synthesizer, as described in Van
Devanter et. al., Nucleic Acids Res. 12:6159-6168 (1984).
Purification of oligonucleotides is by either native acryla-
mide gel electrophoresis or by anion-exchange HPLC as
described in Pearson & Reanier, J. Chrom. 255:137-149
(1983).

[0081] The sequence of the cloned genes and synthetic
oligonucleotides can be verified after cloning using, e.g., the
chain termination method for sequencing double-stranded
templates of Wallace et al., Gene 16:21-26 (1981).

[0082] B. Cloning Methods for the Isolation of Nucleotide
Sequences Encoding Desired Proteins

[0083] In general, the nucleic acids encoding the subject
proteins are cloned from DNA sequence libraries that are
made to encode cDNA or genomic DNA. The particular
sequences can be located by hybridizing with an oligonucle-
otide probe, the sequent of which can be derived from the
sequences disclosed herein, which provide a reference for
PCR primers and defines suitable regions for isolating
CX3CR1 and fractalkine specific probes. Alternatively,
where the sequence is cloned into an expression library, the
expressed recombinant protein can be detected immunologi-
cally with antisera or purified antibodies made against a
polypeptide of interest, including those disclosed herein.

[0084] Methods for making and screening genomic and
c¢DNA libraries are well known to those of skill in the art
(see, e.g., Gubler and Hoffman Genre 25:263-269 (1983);
Benton and Davis Science, 196:180-182 (1977); and Sam-
brook, supra). Heart and brain cells are an example of
suitable cells to isolate fractalkine RNA. CX3CR1 RNA can
be isolated from peripheral blood leukocytes, neutrophils,
and monocytes, as well as brain and spleen, for example.

[0085] Briefly, to make the ¢cDNA library, one should
choose a source that is rich in mRNA. The mRNA can then
be made into cDNA, ligated into a recombinant vector, and
transfected into a recombinant host for propagation, screen-
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ing and cloning. For a genomic library, the DNA is extracted
from a suitable tissue and either mechanically sheared or
enzymatically digested to yield fragments of preferably
about 5-100 kb. The fragments are then separated by gra-
dient centrifugation from undesired sizes and are con-
structed in bacteriophage lambda vectors. These vectors and
phage are packaged in vitro, and the recombinant phages are
analyzed by plaque hybridization. Colony hybridization is
carried out as generally described in Grunstein et al., Proc.
Natl. Acad. Sci. USA., 72:3961-3965 (1975).

[0086] An alternative method combines the use of syn-
thetic oligonucleotide primers with polymerase extension on
an mRNA or DNA template. Suitable primers can be
designed from specific CX3CR1 or fractalkine sequences
disclosed herein. This polymerase chain reaction (PCR)
method amplifies the nucleic acids encoding the protein of
interest directly from mRNA, cDNA, genomic libraries or
cDNA libraries. Restriction endonuclease sites can be incor-
porated into the primers. Polymerase chain reaction or other
in vitro amplification methods may also be useful, for
example, to clone nucleic acids encoding specific proteins
and express said proteins, to synthesize nucleic acids that
will be used as probes for detecting the presence of mRNA
encoding a polypeptide of the invention in physiological
samples, for nucleic acid sequencing, or for other purposes
(see, U.S. Pat. Nos. 4,683,195 and 4,683,202). Genes ampli-
fied by a PCR reaction can be purified from agarose gels and
cloned into an appropriate vector.

[0087] Appropriate primers and probes for identifying the
genes encoding a polypeptide of the invention from mam-
malian tissues can be derived from the sequences provided
herein. For a general overview of PCR, see, Innis et al. PCR
Protocols: A Guide to Methods and Applications, Academic
Press, San Diego (1990).

[0088] Synthetic oligonucleotides can be used to construct
genes. This is done using a series of overlapping oligonucle-
otides, usually 40-120 bp in length, representing both the
sense and anti-sense strands of the gene. These DNA frag-
ments are then annealed, ligated and cloned.

[0089] A polynucleotide encoding a CX3CRI1 or fractalk-
ine polypeptide of the invention can be cloned using inter-
mediate vectors before transformation into mammalian cells
for expression. These intermediate vectors are typically
prokaryote vectors or shuttle vectors. The proteins can be
expressed in either prokaryotes or eukaryotes, using stan-
dard methods well known to those of skill in the art.

II1. Purification of Proteins of the Invention

[0090] FEither naturally occurring or recombinant
CX3CR1 or fractalkine can be purified for use in functional
assays. Naturally occurring CX3CRI1 can be purified, e.g.,
from leukocytes, neutrophils, monocytes, brain, spleen or
any other source of a CX3CR1 ortholog. Similarly, naturally
occurring fractalkine can be purified, e.g., from heart or
brain tissue or any other source of a fractalkine ortholog.
Recombinant polypeptides can be purified from any suitable
expression system.

[0091] The polypeptides of the invention may be purified
to substantial purity by standard techniques, including selec-
tive precipitation with such substances as ammonium sul-
fate; column chromatography, immunopurification methods,
and others (see, e.g., Scopes, Protein Purification: Prin-
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ciples and Practice (1982); U.S. Pat. No. 4,673,641;
Ausubel et al., supra; and Sambrook et al., supra).

[0092] A number of procedures can be employed when
recombinant polypeptides are being purified. For example,
proteins having established molecular adhesion properties
can be reversibly fused to CX3CR1 or fractalkine. With the
appropriate ligand, either protein can be selectively
adsorbed to a purification column and then freed from the
column in a relatively pure form. The fused protein may be
then removed by enzymatic activity. Finally polypeptides
can be purified using immunoaffinity columns.

[0093] A. Purification of Proteins from Recombinant Bac-
teria

[0094] When recombinant proteins are expressed by the
transformed bacteria in large amounts, typically after pro-
moter induction, although expression can be constitutive, the
proteins may form insoluble aggregates. There are several
protocols that are suitable for purification of protein inclu-
sion bodies. For example, purification of aggregate proteins
(hereinafter referred to as inclusion bodies) typically
involves the extraction, separation and/or purification of
inclusion bodies by disruption of bacterial cells typically, but
not limited to, by incubation in a buffer of about 100-150
ng/ml lysozyme and 0.1% Nonidet P40, a non-ionic deter-
gent. The cell suspension can be ground using a Polytron
grinder (Brinkman Instruments, Westbury, N.Y.). Alterna-
tively, the cells can be sonicated on ice. Alternate methods
of lysing bacteria are described in Ausubel et al. and
Sambrook et al., both supra, and will be apparent to those of
skill in the art.

[0095] The cell suspension is generally centrifuged and
the pellet containing the inclusion bodies resuspended in
buffer which does not dissolve but washes the inclusion
bodies, e.g., 20 mM Tris-HCI (pH 7.2), 1 mM EDTA, 150
mM NaCl and 2% Triton-X 100, a non-ionic detergent. It
may be necessary to repeat the wash step to remove as much
cellular debris as possible. The remaining pellet of inclusion
bodies may be resuspended in an appropriate buffer (e.g., 20
mM sodium phosphate, pH 6.8, 150 mM NaCl). Other
appropriate buffers will be apparent to those of skill in the
art.

[0096] Following the washing step, the inclusion bodies
are solubilized by the addition of a solvent that is both a
strong hydrogen acceptor and a strong hydrogen donor (or a
combination of solvents each having one of these proper-
ties). The proteins that formed the inclusion bodies may then
be renatured by dilution or dialysis with a compatible buffer.
Suitable solvents include, but are not limited to, urea (from
about 4 M to about 8 M), formamide (at least about 80%,
volume/volume basis), and guanidine hydrochloride (from
about 4 M to about 8 M). Some solvents that are capable of
solubilizing aggregate-forming proteins, such as SDS
(sodium dodecyl sulfate) and 70% formic acid, are inappro-
priate for use in this procedure due to the possibility of
irreversible denaturation of the proteins, accompanied by a
lack of immunogenicity and/or activity. Although guanidine
hydrochloride and similar agents are denaturants, this dena-
turation is not irreversible and renaturation may occur upon
removal (by dialysis, for example) or dilution of the dena-
turant, allowing re-formation of the immunologically and/or
biologically active protein of interest. After solubilization,
the protein can be separated from other bacterial proteins by
standard separation techniques.
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[0097] Alternatively, it is possible to purify proteins from
bacteria periplasm. Where the protein is exported into the
periplasm of the bacteria, the periplasmic fraction of the
bacteria can be isolated by cold osmotic shock in addition to
other methods known to those of skill in the art (see, Ausubel
et al., supra). To isolate recombinant proteins from the
periplasm, the bacterial cells are centrifuged to form a pellet.
The pellet is resuspended in a buffer containing 20%
sucrose. To lyse the cells, the bacteria are centrifuged and
the pellet is resuspended in ice-cold 5 mM MgSO,, and kept
in an ice bath for approximately 10 minutes. The cell
suspension is centrifuged and the supernatant decanted and
saved. The recombinant proteins present in the supernatant
can be separated from the host proteins by standard sepa-
ration techniques well known to those of skill in the art.

[0098] B. Purification of Proteins from Insect Cells

[0099] Proteins can also be purified from eukaryotic gene
expression systems as described in, e.g., Fernandez and
Hoefller, Gene Expression Systems (1999). In some embodi-
ments, baculovirus expression systems are used to isolate
proteins of the invention. Recombinant baculoviruses are
generally generated by replacing the polyhedrin coding
sequence of a baculovirus with a gene to be expressed (e.g.,
a CX3CRI or fractalkine polynucleotide). Viruses lacking
the polyhedrin gene have a unique plaque morphology
making them easy to recognize. In some embodiments, a
recombinant baculovirus is generated by first cloning a
polynucleotide of interest into a transfer vector (e.g., a pUC
based vector) such that the polynucleotide is operably linked
to a polyhedrin promoter. The transfer vector is transfected
with wildtype DNA into an insect cell (e.g., Sf9, Sf21 or
BT1-TN-5B14 cells), resulting in homologous recombina-
tion and replacement of the polyhedrin gene in the wildtype
viral DNA with the polynucleotide of interest. Virus can then
be generated and plaque purified. Protein expression results
upon viral infection of insect cells. Expressed proteins can
be harvested from cell supernatant if secreted, or from cell
lysates if intracellular. See, e.g., Ausubel et al. and Fernan-
dez and Hoefller, supra.

[0100] C. Standard Protein Separation Techniques for
Purifying Proteins

[0101] 1. Solubility Fractionation

[0102] Often as an initial step, and if the protein mixture
is complex, an initial salt fractionation can separate many of
the unwanted host cell proteins (or proteins derived from the
cell culture media) from the recombinant protein of interest.
The preferred salt is ammonium sulfate. Ammonium sulfate
precipitates proteins by effectively reducing the amount of
water in the protein mixture. Proteins then precipitate on the
basis of their solubility. The more hydrophobic a protein is,
the more likely it is to precipitate at lower ammonium sulfate
concentrations. A typical protocol is to add saturated ammo-
nium sulfate to a protein solution so that the resultant
ammonium sulfate concentration is between 20-30%. This
will precipitate the most hydrophobic proteins. The precipi-
tate is discarded (unless the protein of interest is hydropho-
bic) and ammonium sulfate is added to the supernatant to a
concentration known to precipitate the protein of interest.
The precipitate is then solubilized in buffer and the excess
salt removed if necessary, through either dialysis or diafil-
tration. Other methods that rely on solubility of proteins,
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such as cold ethanol precipitation, are well known to those
of skill in the art and can be used to fractionate complex
protein mixtures.

[0103] 2. Size Differential Filtration

[0104] Based on a calculated molecular weight, a protein
of greater and lesser size can be isolated using ultrafiltration
through membranes of different pore sizes (for example,
Amicon or Millipore membranes). As a first step, the protein
mixture is ultrafiltered through a membrane with a pore size
that has a lower molecular weight cut-off than the molecular
weight of the protein of interest. The retentate of the
ultrafiltration is then ultrafiltered against a membrane with a
molecular cut off greater than the molecular weight of the
protein of interest. The recombinant protein will pass
through the membrane into the filtrate. The filtrate can then
be chromatographed as described below.

[0105] 3. Column Chromatography

[0106] The proteins of interest can also be separated from
other proteins on the basis of their size, net surface charge,
hydrophobicity and affinity for ligands. In addition, antibod-
ies raised against proteins can be conjugated to column
matrices and the proteins immunopurified. All of these
methods are well known in the art.

[0107] Immunoaffinity chromatography using antibodies
raised to a variety of affinity tags such as hemagglutinin
(HA), FLAG, Xpress, Myc, hexahistidine (His), glutathione
S transferase (GST) and the like can be used to purify
polypeptides. The His tag will also act as a chelating agent
for certain metals (e.g., Ni) and thus the metals can also be
used to purify His-containing polypeptides. After purifica-
tion, the tag is optionally removed by specific proteolytic
cleavage.

[0108] It will be apparent to one of skill that chromato-
graphic techniques can be performed at any scale and using
equipment from many different manufacturers (e.g., Phar-
macia Biotech).

IV. Detection of Polynucleotides of the Invention

[0109] Those of skill in the art will recognize that detec-
tion of expression of CX3CR1 or fractalkine polynucle-
otides has many uses. For example, as discussed herein,
detection of CX3CR1 or fractalkine levels in a patient is
useful for diagnosing diabetes or a predisposition for at least
some of the pathological effects of diabetes. Moreover,
detection of gene expression is useful to identify modulators
of CX3CR1 or fractalkine expression.

[0110] A variety of methods of specific DNA and RNA
measurement that use nucleic acid hybridization techniques
are known to those of skill in the art (see, Sambrook, supra).
Some methods involve an electrophoretic separation (e.g.,
Southern blot for detecting DNA, and Northern blot for
detecting RNA), but measurement of DNA and RNA can
also be carried out in the absence of electrophoretic sepa-
ration (e.g., by dot blot). Southern blot of genomic DNA
(e.g., from a human) can be used for screening for restriction
fragment length polymorphism (RFLP) to detect the pres-
ence of a genetic disorder affecting a CX3CR1 or fractalkine
polypeptide of the invention.

[0111] The selection of a nucleic acid hybridization format
is not critical. A variety of nucleic acid hybridization formats
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are known to those skilled in the art. For example, common
formats include sandwich assays and competition or dis-
placement assays. Hybridization techniques are generally
described in Hames and Higgins Nucleic Acid Hybridiza-
tion, A Practical Approach, IRL Press (1985); Gall and
Pardue, Proc. Natl. Acad. Sci. U.S.A., 63:378-383 (1969);
and John et al. Nature, 223:582-587 (1969).

[0112] Detection of a hybridization complex may require
the binding of a signal-generating complex to a duplex of
target and probe polynucleotides or nucleic acids. Typically,
such binding occurs through ligand and anti-ligand interac-
tions as between a ligand-conjugated probe and an anti-
ligand conjugated with a signal. The binding of the signal
generation complex is also readily amenable to accelerations
by exposure to ultrasonic energy.

[0113] The label may also allow indirect detection of the
hybridization complex. For example, where the label is a
hapten or antigen, the sample can be detected by using
antibodies. In these systems, a signal is generated by attach-
ing fluorescent or enzyme molecules to the antibodies or in
some cases, by attachment to a radioactive label (see, e.g.,
Tijssen, “Practice and Theory of Enzyme Immuoassays,”
Laboratory Techniques in Biochemistry and Molecular Biol-
ogy, Burdon and van Knippenberg Eds., Elsevier (1985), pp.
9-20).

[0114] The probes are typically labeled either directly, as
with isotopes, chromophores, lumiphores, chromogens, or
indirectly, such as with biotin, to which a streptavidin
complex may later bind. Thus, the detectable labels used in
the assays of the present invention can be primary labels
(where the label comprises an element that is detected
directly or that produces a directly detectable element) or
secondary labels (where the detected label binds to a pri-
mary label, e.g., as is common in immunological labeling).
Typically, labeled signal nucleic acids are used to detect
hybridization. Complementary nucleic acids or signal
nucleic acids may be labeled by any one of several methods
typically used to detect the presence of hybridized poly-
nucleotides. The most common method of detection is the
use of autoradiography with *H, '2°1, *3S, *C, or *?P-
labeled probes or the like.

[0115] Other labels include, e.g., ligands that bind to
labeled antibodies, fluorophores, chemiluminescent agents,
enzymes, and antibodies that can serve as specific binding
pair members for a labeled ligand. An introduction to labels,
labeling procedures and detection of labels is found in Polak
and Van Noorden Introduction to Immunocytochemistry, 2nd
ed., Springer Verlag, NY (1997); and in Haugland Handbook
of Fluorescent Probes and Research Chemicals, a combined
handbook and catalogue Published by Molecular Probes,
Inc. (1996).

[0116] In general, a detector that monitors a particular
probe or probe combination is used to detect the detection
reagent label. Typical detectors include spectrophotometers,
phototubes and photodiodes, microscopes, scintillation
counters, cameras, film and the like, as well as combinations
thereof. Examples of suitable detectors are widely available
from a variety of commercial sources known to persons of
skill in the art. Commonly, an optical image of a substrate
comprising bound labeling moieties is digitized for subse-
quent computer analysis.

[0117] The amount of, for example, an RNA is measured
by quantitating the amount of label fixed to the solid support
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by binding of the detection reagent. Typically, the presence
of a modulator during incubation will increase or decrease
the amount of label fixed to the solid support relative to a
control incubation that does not comprise the modulator, or
as compared to a baseline established for a particular reac-
tion type. Means of detecting and quantitating labels are well
known to those of skill in the art.

[0118] Insome embodiments, the target nucleic acid or the
probe is immobilized on a solid support. Solid supports
suitable for use in the assays of the invention are known to
those of skill in the art. As used herein, a solid support is a
matrix of material in a substantially fixed arrangement.

[0119] A variety of automated solid-phase assay tech-
niques are also appropriate. For instance, very large scale
immobilized polymer arrays (VLSIPS™), i.e. Gene Chips or
microarrays, available from Affymetrix, Inc. in Santa Clara,
Calif. can be used to detect changes in expression levels of
a plurality of genes involved in the same regulatory path-
ways simultaneously. See, Tijssen, supra., Fodor et al.
(1991) Science, 251: 767-777, Sheldon et al. (1993) Clinical
Chemistry 39(4): 718-719, and Kozal et al. (1996) Nature
Medicine 2(7): 753-759. Similarly, spotted cDNA arrays
(arrays of cDNA sequences bound to nylon, glass or another
solid support) can also be used to monitor expression of a
plurality of genes.

[0120] Typically, the array elements are organized in an
ordered fashion so that each element is present at a specified
location on the substrate. Because the array elements are at
specified locations on the substrate, the hybridization pat-
terns and intensities (which together create a unique expres-
sion profile) can be interpreted in terms of expression levels
of particular genes and can be correlated with a particular
disease or condition or treatment. See, e.g., Schena et al.,
Science 270: 467-470 (1995)) and (Lockhart et al., Nature
Biotech. 14: 1675-1680 (1996)).

[0121] Hybridization specificity can be evaluated by com-
paring the hybridization of specificity-control polynucle-
otide sequences to specificity-control polynucleotide probes
that are added to a sample in a known amount. The speci-
ficity-control target polynucleotides may have one or more
sequence mismatches compared with the corresponding
polynucleotide sequences. In this manner, whether only
complementary target polynucleotides are hybridizing to the
polynucleotide sequences or whether mismatched hybrid
duplexes are forming is determined.

[0122] Hybridization reactions can be performed in abso-
lute or differential hybridization formats. In the absolute
hybridization format, polynucleotide probes from one
sample are hybridized to the sequences in a microarray
format and signals detected after hybridization complex
formation correlate to polynucleotide probe levels in a
sample. In the differential hybridization format, the differ-
ential expression of a set of genes in two biological samples
is analyzed. For differential hybridization, polynucleotide
probes from both biological samples are prepared and
labeled with different labeling moieties. A mixture of the two
labeled polynucleotide probes is added to a microarray. The
microarray is then examined under conditions in which the
emissions from the two different labels are individually
detectable. Sequences in the microarray that are hybridized
to substantially equal number of polynucleotide probes
derived from both biological samples give a distinct com-
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bined fluorescence (Shalon et al. PCT publication WO95/
35505). In some embodiments, the labels are fluorescent
labels with distinguishable emission spectra, such as Cy3
and CyS5 fluorophores.

[0123] After hybridization, the microarray is washed to
remove nonhybridized nucleic acids and complex formation
between the hybridizable array elements and the polynucle-
otide probes is detected. Methods for detecting complex
formation are well known to those skilled in the art. In some
embodiments, the polynucleotide probes are labeled with a
fluorescent label and measurement of levels and patterns of
fluorescence indicative of complex formation is accom-
plished by fluorescence microscopy, such as confocal fluo-
rescence microscopy.

[0124] In a differential hybridization experiment, poly-
nucleotide probes from two or more different biological
samples are labeled with two or more different fluorescent
labels with different emission wavelengths. Fluorescent sig-
nals are detected separately with different photomultipliers
set to detect specific wavelengths. The relative abundances/
expression levels of the polynucleotide probes in two or
more samples are obtained.

[0125] Typically, microarray fluorescence intensities can
be normalized to take into account variations in hybridiza-
tion intensities when more than one microarray is used under
similar test conditions. In some embodiments, individual
polynucleotide probe/target complex hybridization intensi-
ties are normalized using the intensities derived from inter-
nal normalization controls contained on each microarray.

[0126] Detection of nucleic acids can also be accom-
plished, for example, by using a labeled detection moiety
that binds specifically to duplex nucleic acids (e.g., an
antibody that is specific for RNA-DNA duplexes). One
example uses an antibody that recognizes DNA-RNA het-
eroduplexes in which the antibody is linked to an enzyme
(typically by recombinant or covalent chemical bonding).
The antibody is detected when the enzyme reacts with its
substrate, producing a detectable product. Coutlee et al.
(1989) Analytical Biochemistry 181:153-162; Bogulavski
(1986) et al. J. Immunol. Methods 89:123-130; Prooijen-
Knegt (1982) Exp. Cell Res. 141:397-407; Rudkin (1976)
Nature 265:472-473, Stollar (1970) PNAS 65:993-1000;
Ballard (1982) Mol. Immunol. 19:793-799; Pisetsky and
Caster (1982) Mol. Immunol. 19:645-650; Viscidi et al.
(1988) J. Clin. Microbial. 41:199-209; and Kiney et al.
(1989) J. Clin. Microbiol. 27:6-12 describe antibodies to
RNA duplexes, including homo and heteroduplexes. Kits
comprising antibodies specific for DNA:RNA hybrids are
available, e.g., from Digene Diagnostics, Inc. (Beltsville,
Md.).

[0127] In addition to available antibodies, one of skill in
the art can easily make antibodies specific for nucleic acid
duplexes using existing techniques, or modify those anti-
bodies that are commercially or publicly available. In addi-
tion to the art referenced above, general methods for pro-
ducing polyclonal and monoclonal antibodies are known to
those of skill in the art (see, e.g., Paul (ed) Fundamental
Immunology, Third Edition Raven Press, Ltd., NY (1993);
Coligan Current Protocols in Immunology Wiley/Greene,
NY (1991); Harlow and Lane Antibodies: A Laboratory
Manual Cold Spring Harbor Press, NY (1989); Stites et al.
(eds.) Basic and Clinical Immunology (4th ed.) Lange
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Medical Publications, Los Altos, Calif., and references cited
therein; Goding Monoclonal Antibodies: Principles and
Practice (2d ed.) Academic Press, New York, N.Y., (1986);
and Kohler and Milstein Nature 256: 495-497 (1975)). Other
suitable techniques for antibody preparation include selec-
tion of libraries of recombinant antibodies in phage or
similar vectors (see, Huse et al. Science 246:1275-1281
(1989); and Ward et al. Nature 341:544-546 (1989)). Spe-
cific monoclonal and polyclonal antibodies and antisera will
usually bind with a K, of at least about 0.1 uM, preferably
at least about 0.01 uM or better, and most typically and
preferably, 0.001 uM or better.

[0128] The nucleic acids used in this invention can be
either positive or negative probes. Positive probes bind to
their targets and the presence of duplex formation is evi-
dence of the presence of the target. Negative probes fail to
bind to the suspect target and the absence of duplex forma-
tion is evidence of the presence of the target. For example,
the use of a wild type specific nucleic acid probe or PCR
primers may serve as a negative probe in an assay sample
where only the nucleotide sequence of interest is present.

[0129] The sensitivity of the hybridization assays may be
enhanced through use of a nucleic acid amplification system
that multiplies the target nucleic acid being detected.
Examples of such systems include the polymerase chain
reaction (PCR) system and the ligase chain reaction (LCR)
system. Other methods recently described in the art are the
nucleic acid sequence based amplification (NASBA, Can-
gene, Mississauga, Ontario) and Q Beta Replicase systems.
These systems can be used to directly identify mutants
where the PCR or LCR primers are designed to be extended
or ligated only when a selected sequence is present. Alter-
natively, the selected sequences can be generally amplified
using, for example, nonspecific PCR primers and the ampli-
fied target region later probed for a specific sequence indica-
tive of a mutation. It is understood that various detection
probes, including Tagman and molecular beacon probes can
be used to monitor amplification reaction products, e.g., in
real time.

[0130] An alternative means for determining the level of
expression of the nucleic acids of the present invention is in
situ hybridization. In situ hybridization assays are well
known and are generally described in Angerer et al., Meth-
ods Enzymol. 152:649-660 (1987). In an in situ hybridiza-
tion assay, cells, preferentially human cells from the cer-
ebellum or the hippocampus, are fixed to a solid support,
typically a glass slide. If DNA is to be probed, the cells are
denatured with heat or alkali. The cells are then contacted
with a hybridization solution at a moderate temperature to
permit annealing of specific probes that are labeled. The
probes are preferably labeled with radioisotopes or fluores-
cent reporters.

[0131] Single nucleotide polymorphism (SNP) analysis is
also useful for detecting differences between alleles of
CX3CR1 or fractalkine genes. CX3CR1 or fractalkine
linked SNPs are useful, for instance, for diagnosis of
CX3CR1 or fractalkine-linked diseases (e.g., diabetes) in a
patient. For example, if an individual carries at least one
allele of a CX3CR1 or fractalkine-linked SNP, the individual
is likely predisposed for one or more of those diseases. If the
individual is homozygous for a disease-linked CX3CR1 or
fractalkine SNP, the individual is particularly predisposed
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for CX3CR1 or fractalkine-linked disease (e.g., diabetes). In
some embodiments, the SNP associated with the CX3CR1
or fractalkine-linked disease is located within 300,000,
200,000; 100,000; 75,000, 50,000; or 10,000 base pairs of a
polynucleotide encoding CX3CR1 or fractalkine.

[0132] Various real-time PCR methods including, e.g.,
Tagman or molecular beacon-based assays (e.g., U.S. Pat.
Nos. 5,210,015; 5,487,972; Tyagi et al., Nature Biotechnol-
ogy 14:303 (1996); and PCT WO 95/13399 are useful to
monitor for the presence of absence of a SNP. Additional
SNP detection methods include, e.g., DNA sequencing,
sequencing by hybridization, dot blotting, oligonucleotide
array (DNA Chip) hybridization analysis, or are described
in, e.g., U.S. Pat. No. 6,177,249; Landegren et al., Genome
Research, 8:769-776 (1998); Botstein et al., Am J Human
Genetics 32:314-331 (1980); Meyers et al., Methods in
Enzymology 155:501-527 (1987); Keen et al., Trends in
Genetics 7:5 (1991); Myers et al., Science 230:1242-1246
(1985); and Kwok et al., Genomics 23:138-144 (1994)

V. Immunological Detection of CX3CR1 or Fractalkine

[0133] In addition to the detection of CX3CR1 or fracta-
Ikine genes and gene expression using nucleic acid hybrid-
ization technology, one can also use immunoassays to detect
CX3CR1 or fractalkine polypeptides. Immunoassays can be
used to qualitatively or quantitatvely analyze CX3CR1 or
fractalkine. A general overview of the applicable technology
can be found in Harlow & Lane, Antibodies: A Laboratory
Manual (1988).

[0134] A. Antibodies to Target Proteins or Other Immu-
nogens

[0135] Methods for producing polyclonal and monoclonal
antibodies that react specifically with a protein of interest or
other immunogen are known to those of skill in the art (see,
e.g., Coligan, supra; and Harlow and Lane, supra; Stites et
al., supra and references cited therein; Goding, supra; and
Kohler and Milstein Nature, 256:495-497 (1975)). Such
techniques include antibody preparation by selection of
antibodies from libraries of recombinant antibodies in phage
or similar vectors (see, Huse et al., supra; and Ward et al.,
supra). For example, in order to produce antisera for use in
an immunoassay, the protein of interest or an antigenic
fragment thereof, is isolated as described herein. For
example, a recombinant protein is produced in a transformed
cell line. An inbred strain of mice or rabbits is immunized
with the protein using a standard adjuvant, such as Freund’s
adjuvant, and a standard immunization protocol. Alterna-
tively, a synthetic peptide derived from the CX3CRI1 or
fractalkine sequences disclosed herein is conjugated to a
carrier protein and used as an immunogen.

[0136] Polyclonal sera are collected and titered against the
immunogen in an immunoassay, for example, a solid phase
immunoassay with the immunogen immobilized on a solid
support. Polyclonal antisera with a titer of 10* or greater are
selected and tested for their crossreactivity against non-
CX3CR1 or fractalkine proteins or even other homologous
proteins from other organisms, using a competitive binding
immunoassay. Specific monoclonal and polyclonal antibod-
ies and antisera will usually bind with a K, of at least about
0.1 mM, more usually at least about 1 uM, preferably at least
about 0.1 uM or better, and most preferably, 0.01 uM or
better.
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[0137] A number of proteins of the invention comprising
immunogens may be used to produce antibodies specifically
or selectively reactive with the proteins of interest. Recom-
binant protein is the preferred immunogen for the production
of monoclonal or polyclonal antibodies. Naturally occurring
protein may also be used either in pure or impure form.
Synthetic peptides made using the protein sequences
described herein may also be used as an immunogen for the
production of antibodies to the protein. Recombinant protein
can be expressed in eukaryotic or prokaryotic cells and
purified as generally described supra. The product is then
injected into an animal capable of producing antibodies.
Either monoclonal or polyclonal antibodies may be gener-
ated for subsequent use in immunoassays to measure the
protein.

[0138] Methods of production of polyclonal antibodies are
known to those of skill in the art. In brief, an immunogen,
preferably a purified protein, is mixed with an adjuvant and
animals are immunized. The animal’s immune response to
the immunogen preparation is monitored by taking test
bleeds and determining the titer of reactivity to CX3CR1 or
fractalkine. When appropriately high titers of antibody to the
immunogen are obtained, blood is collected from the animal
and antisera are prepared. Further fractionation of the anti-
sera to enrich for antibodies reactive to the protein can be
done if desired (see, Harlow and Lane, supra).

[0139] Monoclonal antibodies may be obtained using vari-
ous techniques familiar to those of skill in the art. Typically,
spleen cells from an animal immunized with a desired
antigen are immortalized, commonly by fusion with a
myeloma cell (see, Kohler and Milstein, Fur. J. Immunol.
6:511-519 (1976)). Alternative methods of immortalization
include, e.g., transformation with Epstein Barr Virus, onco-
genes, or retroviruses, or other methods well known in the
art. Colonies arising from single immortalized cells are
screened for production of antibodies of the desired speci-
ficity and affinity for the antigen, and yield of the mono-
clonal antibodies produced by such cells may be enhanced
by various techniques, including injection into the peritoneal
cavity of a vertebrate host. Alternatively, one may isolate
DNA sequences that encode a monoclonal antibody or a
binding fragment thereof by screening a DNA library from
human B cells according to the general protocol outlined by
Huse et al., supra.

[0140] Once target immunogen-specific antibodies are
available, the immunogen can be measured by a variety of
immunoassay methods with qualitative and quantitative
results available to the clinician. For a review of immuno-
logical and immunoassay procedures in general see, Stites,
supra. Moreover, the immunoassays of the present invention
can be performed in any of several configurations, which are
reviewed extensively in Maggio Enzyme Immunoassay,
CRC Press, Boca Raton, Fla. (1980); Tijssen, supra; and
Harlow and Lane, supra.

[0141] Immunoassays to measure target proteins in a
human sample may use a polyclonal antiserum that was
raised to the protein (e.g., CX3CR1 or fractalkine) or a
fragment thereof. This antiserum is selected to have low
cross-reactivity against non-CX3CR1 or fractalkine proteins
and any such cross-reactivity is removed by immunoabsorp-
tion prior to use in the immunoassay.
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[0142] B: Immunological Binding Assays

[0143] In some embodiments, a protein of interest is
detected and/or quantified using any of a number of well-
known immunological binding assays (see, e.g., U.S. Pat.
Nos. 4,366,241, 4,376,110, 4,517,288; and 4,837,168). For
a review of the general immunoassays, see also Asai Meth-
ods in Cell Biology Volume 371: Antibodies in Cell Biology,
Academic Press, Inc. NY (1993); Stites, supra. Immuno-
logical binding assays (or immunoassays) typically utilize a
“capture agent” to specifically bind to and often immobilize
the analyte (in this case CX3CR1 or fractalkine of the
present invention, or antigenic subsequences thereof). The
capture agent is a moiety that specifically binds to the
analyte. In a preferred embodiment, the capture agent is an
antibody that specifically binds, for example, a CX3CR1 or
fractalkine polypeptide of the invention. The antibody (e.g.,
anti-CX3CR1 or fractalkine antibody) may be produced by
any of a number of means well known to those of skill in the
art and as described above.

[0144] Immunoassays also often utilize a labeling agent to
bind specifically to and label the binding complex formed by
the capture agent and the analyte. The labeling agent may
itself be one of the moieties comprising the antibody/analyte
complex. Alternatively, the labeling agent may be a third
moiety, such as another antibody, that specifically binds to
the antibody/protein complex.

[0145] In a preferred embodiment, the labeling agent is a
second antibody bearing a label. Alternatively, the second
antibody may lack a label, but it may, in turn, be bound by
a labeled third antibody specific to antibodies of the species
from which the second antibody is derived. The second
antibody can be modified with a detectable moiety, such as
biotin, to which a third labeled molecule can specifically
bind, such as enzyme-labeled streptavidin.

[0146] Other proteins capable of specifically binding
immunoglobulin constant regions, such as protein A or
protein G, can also be used as the label agents. These
proteins are normal constituents of the cell walls of strep-
tococcal bacteria. They exhibit a strong non-immunogenic
reactivity with immunoglobulin constant regions from a
variety of species (see, generally, Kronval, et al. J Immunol.,
111: 1401-1406 (1973); and Akerstrom, et al. J Immunol.,
135:2589-2542 (1985)).

[0147] Throughout the assays, incubation and/or washing
steps may be required after each combination of reagents.
Incubation steps can vary from about 5 seconds to several
hours, preferably from about 5 minutes to about 24 hours.
The incubation time will depend upon the assay format,
analyte, volume of solution, concentrations, and the like.
Usually, the assays will be carried out at ambient tempera-
ture, although they can be conducted over a range of
temperatures, such as 10° C. to 40° C.

[0148]

[0149] Immunoassays for detecting proteins or analytes of
interest from tissue samples may be either competitive or
noncompetitive. Noncompetitive immunoassays are assays
in which the amount of captured protein or analyte is directly
measured. In one preferred “sandwich” assay, for example,
the capture agent (e.g. CX3CR1 or fractalkine antibodies)
can be bound directly to a solid substrate where it is
immobilized. These immobilized antibodies then capture the
CX3CRI1 or fractalkine present in the test sample. The

1. Non-Competitive Assay Formats
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CX3CR1 or fractalkine thus immobilized is then bound by
a labeling agent, such as a second anti-CX3CR1 or fracta-
lkine antibody bearing a label. Alternatively, the second
antibody may lack a label, but it may, in turn, be bound by
a labeled third antibody specific to antibodies of the species
from which the second antibody is derived. The second can
be modified with a detectable moiety, such as biotin, to
which a third labeled molecule can specifically bind, such as
enzyme-labeled streptavidin.

[0150] 2. Competitive Assay Formats

[0151] In competitive assays, the amount of protein or
analyte present in the sample is measured indirectly by
measuring the amount of an added (exogenous) protein or
analyte (e.g., the CX3CR1 or fractalkine of interest) dis-
placed (or competed away) from a specific capture agent
(e.g., antibodies raised to CX3CR1 or fractalkine) by the
protein or analyte present in the sample. The amount of
immunogen bound to the antibody is inversely proportional
to the concentration of immunogen present in the sample. In
a particularly preferred embodiment, the antibody is immo-
bilized on a solid substrate. The amount of analyte may be
detected by providing a labeled analyte molecule. It is
understood that labels can include, e.g., radioactive labels as
well as peptide or other tags that can be recognized by
detection reagents such as antibodies.

[0152] Immunoassays in the competitive binding format
can be used for cross-reactivity determinations. For
example, the protein encoded by the sequences described
herein can be immobilized on a solid support. Proteins are
added to the assay and compete with the binding of the
antisera to the immobilized antigen. The ability of the above
proteins to compete with the binding of the antisera to the
immobilized protein is compared to that of the protein
encoded by any of the sequences described herein. The
percent cross-reactivity for the above proteins is calculated,
using standard calculations. Those antisera with less than
10% cross-reactivity with each of the proteins listed above
are selected and pooled. The cross-reacting antibodies are
optionally removed from the pooled antisera by immuno-
absorption with the considered proteins, e.g., distantly
related homologs.

[0153] The immunoabsorbed and pooled antisera are then
used in a competitive binding immunoassay as described
above to compare a second protein, thought to be perhaps a
protein of the present invention, to the immunogen protein.
In order to make this comparison, the two proteins are each
assayed at a wide range of concentrations and the amount of
each protein required to inhibit 50% of the binding of the
antisera to the immobilized protein is determined. If the
amount of the second protein required is less than 10 times
the amount of the protein partially encoded by a sequence
herein that is required, then the second protein is said to
specifically bind to an antibody generated to an immunogen
consisting of the target protein.

[0154] 3. Other Assay Formats

[0155] In a particularly preferred embodiment, western
blot (immunoblot) analysis is used to detect and quantify the
presence of a CX3CR1 or fractalkine of the invention in the
sample. The technique generally comprises separating
sample proteins by gel electrophoresis on the basis of
molecular weight, transferring the separated proteins to a
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suitable solid support (such as, e.g., a nitrocellulose filter, a
nylon filter, or a derivatized nylon filter) and incubating the
sample with the antibodies that specifically bind the protein
of interest. For example, the anti-CX3CR1 or fractalkine
antibodies specifically bind to the CX3CR1 or fractalkine on
the solid support. These antibodies may be directly labeled
or alternatively may be subsequently detected using labeled
antibodies (e.g., labeled sheep anti-mouse antibodies) that
specifically bind to the antibodies against the protein of
interest.

[0156] Other assay formats include liposome immunoas-
says (LIA), which use liposomes designed to bind specific
molecules (e.g., antibodies) and release encapsulated
reagents or markers. The released chemicals are then
detected according to standard techniques (see, Monroe et
al. (1986) Amer. Clin. Prod. Rev. 5:3441).

[0157] 4. Labels

[0158] The particular label or detectable group used in the
assay is not a critical aspect of the invention, as long as it
does not significantly interfere with the specific binding of
the antibody used in the assay. The detectable group can be
any material having a detectable physical or chemical prop-
erty. Such detectable labels have been well-developed in the
field of immunoassays and, in general, most labels useful in
such methods can be applied to the present invention. Thus,
a label is any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, electrical,
optical or chemical means. Useful labels in the present
invention include magnetic beads (e.g., Dynabeads™), fluo-
rescent dyes (e.g., fluorescein isothiocyanate, Texas red,
rhodamine, and the like), radiolabels (e.g., *°H, '*°I, *°S, *C,
or *?P), enzymes (e.g., horse radish peroxidase, alkaline
phosphatase and others commonly used in an ELISA), and
calorimetric labels such as colloidal gold or colored glass or
plastic (e.g. polystyrene, polypropylene, latex, etc.) beads.

[0159] The label may be coupled directly or indirectly to
the desired component of the assay according to methods
well known in the art. As indicated above, a wide variety of
labels may be used, with the choice of label depending on
the sensitivity required, the ease of conjugation with the
compound, stability requirements, available instrumenta-
tion, and disposal provisions.

[0160] Non-radioactive labels are often attached by indi-
rect means. The molecules can also be conjugated directly to
signal generating compounds, e.g., by conjugation with an
enzyme or fluorescent compound. A variety of enzymes and
fluorescent compounds can be used with the methods of the
present invention and are well-known to those of skill in the
art (for a review of various labeling or signal producing
systems which may be used, see, e.g., U.S. Pat. No. 4,391,
904).

[0161] Means of detecting labels are well known to those
of skill in the art. Thus, for example, where the label is a
radioactive label, means for detection include a scintillation
counter or photographic film as in autoradiography. Where
the label is a fluorescent label, it may be detected by exciting
the fluorochrome with the appropriate wavelength of light
and detecting the resulting fluorescence. The fluorescence
may be detected visually, by means of photographic film, by
the use of electronic detectors such as charge coupled
devices (CCDs) or photomultipliers and the like. Similarly,
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enzymatic labels may be detected by providing the appro-
priate substrates for the enzyme and detecting the resulting
reaction product. Finally simple colorimetric labels may be
detected directly by observing the color associated with the
label. Thus, in various dipstick assays, conjugated gold often
appears pink, while various conjugated beads appear the
color of the bead.

[0162] Some assay formats do not require the use of
labeled components. For instance, agglutination assays can
be used to detect the presence of the target antibodies. In this
case, antigen-coated particles are agglutinated by samples
comprising the target antibodies. In this format, none of the
components need to be labeled and the presence of the target
antibody is detected by simple visual inspection.

VI. Identification of Modulators of CX3CR1 or Fractalkine

[0163] Modulators of CX3CR1 or fractalkine, i.e. agonists
or antagonists of CX3CR1 or fractalkine activity, or
CX3CR1 or fractalkine polypeptide or polynucleotide
expression, are useful for treating a number of human
diseases, including diabetes. For example, administration of
CX3CR1 agonists can be used to treat diabetic patients or
individuals with insulin resistance to prevent progression,
and therefore symptoms, associated with diabetes.

[0164] A. Agents that Modulate CX3CR1 or Fractalkine

[0165] The agents tested as modulators of CX3CRI1 or
fractalkine can be any small chemical compound, or a
biological entity, such as a protein, sugar, nucleic acid or
lipid. Typically, test compounds will be small chemical
molecules and peptides. Essentially any chemical compound
can be used as a potential modulator or ligand in the assays
of the invention, although most often compounds that can be
dissolved in aqueous or organic (especially DMSO-based)
solutions are used. The assays are designed to screen large
chemical libraries by automating the assay steps and pro-
viding compounds from any convenient source to assays,
which are typically run in parallel (e.g., in microtiter formats
on microtiter plates in robotic assays). Modulators also
include agents designed to reduce the level of CX3CRI1 or
fractalkine mRNA (e.g. antisense molecules, ribozymes,
DNAzymes, small inhibitory RN As and the like) or the level
of translation from an mRNA (e.g., translation blockers such
as an antisense molecules that are complementary to trans-
lation start or other sequences on an mRNA molecule). It
will be appreciated that there are many suppliers of chemical
compounds, including Sigma (St. Louis, Mo.), Aldrich (St.
Louis, Mo.), Sigma-Aldrich (St. Louis, Mo.), Fluka
Chemika-Biochemica Analytika (Buchs, Switzerland) and
the like.

[0166] In some embodiments, high throughput screening
methods involve providing a combinatorial chemical or
peptide library containing a large number of potential thera-
peutic compounds (potential modulator compounds). Such
“combinatorial chemical libraries” or “ligand libraries” are
then screened in one or more assays, as described herein, to
identify those library members (particular chemical species
or subclasses) that display a desired characteristic activity.
The compounds thus identified can serve as conventional
“lead compounds” or can themselves be used as potential or
actual therapeutics.

[0167] A combinatorial chemical library is a collection of
diverse chemical compounds generated by either chemical
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synthesis or biological synthesis, by combining a number of
chemical “building blocks” such as reagents. For example,
a linear combinatorial chemical library such as a polypeptide
library is formed by combining a set of chemical building
blocks (amino acids) in every possible way for a given
compound length (i.e., the number of amino acids in a
polypeptide compound). Millions of chemical compounds
can be synthesized through such combinatorial mixing of
chemical building blocks.

[0168] Preparation and screening of combinatorial chemi-
cal libraries is well known to those of skill in the art. Such
combinatorial chemical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175,
Furka, Int. J. Pept. Prot. Res. 37:487-493 (1991) and Hough-
ton et al., Nature 354:84-88 (1991)). Other chemistries for
generating chemical diversity libraries can also be used.
Such chemistries include, but are not limited to: peptoids
(e.g., PCT Publication No. WO 91/19735), encoded peptides
(e.g., PCT Publication WO 93/20242), random bio-oligo-
mers (e.g., PCT Publication No. WO 92/00091), benzodi-
azepines (e.g., U.S. Pat. No. 5,288,514), diversomers such as
hydantoins, benzodiazepines and dipeptides (Hobbs et al.,
Proc. Nat. Acad. Sci. USA 90:6909-6913 (1993)), vinylo-
gous polypeptides (Hagihara et al., J. Amer. Chem. Soc.
114:6568 (1992)), nonpeptidal peptidomimetics with glu-
cose scaffolding (Hirschmann et al., J. Amer. Chem. Soc.
114:9217-9218 (1992)), analogous organic syntheses of
small compound libraries (Chen et al., J. Amer. Chem. Soc.
116:2661 (1994)), oligocarbamates (Cho et al., Science
261:1303 (1993)), and/or peptidyl phosphonates (Campbell
et al., J. Org. Chem. 59:658 (1994)), nucleic acid libraries
(see Ausubel, Berger and Sambrook, all supra), peptide
nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083),
antibody libraries (see, e.g. Vaughn et al., Nature Biotech-
nology, 14(3):309-314 (1996) and PCT/US96/10287), car-
bohydrate libraries (see, e.g., Liang et al.,, Science,
274:1520-1522 (1996) and U.S. Pat. No. 5,593,853), small
organic molecule libraries (see, e.g., benzodiazepines, Baum
C&EN, January 18, page 33 (1993); isoprenoids, U.S. Pat.
No. 5,569,588, thiazolidinones and metathiazanones, U.S.
Pat. No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735
and 5,519,134; morpholino compounds, U.S. Pat. No. 5,506,
337; benzodiazepines, U.S. Pat. No. 5,288,514, and the
like).

[0169] Devices for the preparation of combinatorial librar-
ies are commercially available (see, e.g., 357 MPS, 390
MPS, Advanced Chem Tech, Louisville Ky., Symphony,
Rainin, Woburn, Mass., 433A Applied Biosystems, Foster
City, Calif., 9050 Plus, Millipore, Bedford, Mass.). In addi-
tion, numerous combinatorial libraries are themselves com-
mercially available (see, e.g., ComGenex, Princeton, N.J.,
Tripos, Inc., St. Louis, Mo., 3D Pharmaceuticals, Exton, Pa.,
Martek Biosciences, Columbia, Md., etc.).

[0170] B. Methods of Screening for Modulators of
CX3CR1 or Fractalkine

[0171] A number of different screening protocols can be
utilized to identify agents that modulate the level of expres-
sion or activity of CX3CR1 or fractalkine in cells, particu-
larly mammalian cells, and especially human cells. In gen-
eral terms, the screening methods involve screening a
plurality of agents to identify an agent that modulates the
activity of CX3CR1 or fractalkine by, e.g., binding to a
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CX3CR1 or fractalkine polypeptide, preventing an inhibitor
or activator from binding to CX3CR1 or fractalkine, increas-
ing association of an inhibitor or activator with CX3CR1 or
fractalkine, or activating or inhibiting expression of
CX3CR1 or fractalkine. Wile screening methods for iden-
tifying modulators of CX3CR1 or fractalkine are discussed
together, it is understood that the methods are typically
employed to screen for either CX3CR1 or fractalkine. The
two targets are discussed together for convenience.

[0172] Insome embodiments, the modulators of the inven-
tion are specific for CX3CR1, fractalkine, or both. For
example, in some embodiments, the modulators do not
modulate the activity of other chemokines or chemokine
receptors.

[0173] Any cell expressing CX3CR1 or a fragment thereof
can be used to identify modulators. In some embodiments,
the cells are eukaryotic cells lines (e.g., CHO or HEK293)
transformed to express a heterologous CX3CR1 polypep-
tide. In some embodiments, a cell expressing an endogenous
CX3CR1 is used in screens. In some embodiments, the
screens are performed in the absence of insulin. In other
embodiments, modulators are screened for their ability to
effect insulin responses.

[0174] 1. CX3CRI1 or Fractalkine Binding Assays

[0175] Preliminary screens can be conducted by screening
for agents capable of binding to CX3CR1 or fractalkine, as
at least some of the agents so identified are likely CX3CR1
or fractalkine modulators. Binding assays are also useful,
e.g., for identifying endogenous proteins that interact with
CX3CR1 or fractalkine. For example, antibodies, receptors
or other molecules that bind CX3CR1 or fractalkine can be
identified in binding assays.

[0176] Binding assays usually involve contacting a
CX3CR1 or fractalkine protein with one or more test agents
and allowing sufficient time for the protein and test agents to
form a binding complex. Any binding complexes formed
can be detected using any of a number of established
analytical techniques. Protein binding assays include, but are
not limited to, methods that measure co-precipitation or
co-migration on non-denaturing SDS-polyacrylamide gels,
and co-migration on Western blots (see, e.g., Bennet, J. P.
and Yamamura, H. I. (1985) “Neurotransmitter, Hormone or
Drug Receptor Binding Methods,” in Neurotransmitter
Receptor Binding (Yamamura, H. 1., et al., eds.), pp. 61-89.
Other binding assays involve the use of mass spectrometry
or NMR techniques to identify molecules bound to CX3CR1
or fractalkine or displacement of labeled substrates. The
CX3CR1 or fractalkine proteins utilized in such assays can
be naturally expressed, cloned or synthesized.

[0177] In addition, mammalian or yeast two-hybrid
approaches (see, e.g., Bartel, P. L. et. al. Methods Enzymol,
254:241 (1995)) can be used to identify polypeptides or
other molecules that interact or bind when expressed
together in a host cell.

[0178] 2. CX3CRI Activity

[0179] CXB3CRI1 and its alleles and polymorphic variants
are G-protein coupled receptors that participate in ligand-
triggered signal transduction. The activity of CX3CR1
polypeptides can be assessed using a variety of in vitro and
in vivo assays to determine functional, chemical, and physi-
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cal effects, e.g., measuring ligand binding (e.g., radioactive
or otherwise labeled ligand binding), second messengers
(e.g., cAMP, cGMP, IP,, DAG, or Ca**), ion flux, phospho-
rylation levels, transcription levels, and the like. Further-
more, such assays can be used to test for inhibitors and
activators of CX3CR1. Modulators can also be genetically
altered versions of CX3CR1. Such modulators of transduc-
tion activity are useful for controlling cell signaling and
treating diabetes (e.g., by stimulating CX3CRI1 activity).

[0180] The CX3CRI1 of the assay will be selected from a
polypeptide having a sequence of SEQ ID NOS:8, 10 or 12
or conservatively modified variant thereof. Alternatively, the
CX3CR1 of the assay will be derived from a eukaryote and
include an amino acid subsequence having amino acid
sequence identity to SEQ ID NOS:8, 10 or 12. Generally, the
amino acid sequence identity will be at least 70%, optionally
at least 85%, optionally at least 90-95%. Optionally, the
polypeptide of the assays will comprise a fragment of
CX3CR1 comprising one or more domains of CX3CR1,
such as an extracellular domain, transmembrane domain,
cytoplasmic domain, ligand binding domain, subunit asso-
ciation domain, active site, and the like. Either CX3CR1 or
a domain thereof can be covalently linked to a heterologous
protein to create a chimeric protein used in the assays
described herein.

[0181] Modulators of CX3CRI1 activity are tested using
CX3CR1 polypeptides as described above, either recombi-
nant or naturally occurring. The protein can be isolated,
expressed in a cell, expressed in a membrane derived from
acell, expressed in tissue or in an animal, either recombinant
or naturally occurring. For example, tissue slices, dissoci-
ated cells, e.g., from tissues expressing CX3CR1, trans-
formed cells, or membranes can be used. Modulation is
tested using one of the in vitro or in vivo assays described
herein. Signal transduction can also be examined in vitro
with soluble or solid state reactions, using a chimeric
molecule such as an extracellular domain of a receptor
covalently linked to a heterologous signal transduction
domain, or a heterologous extracellular domain covalently
linked to the transmembrane and or cytoplasmic domain of
a receptor. Furthermore, ligand-binding domains of the
protein of interest can be used in vitro in soluble or solid
state reactions to assay for ligand binding.

[0182] Ligand binding to CX3CR1, a domain, or chimeric
protein can be tested in solution, in a bilayer membrane,
attached to a solid phase, in a lipid monolayer, or in vesicles.
Binding of a modulator can be tested using, e.g., changes in
spectroscopic characteristics (e.g., fluorescence, absorbance,
refractive index), hydrodynamic (e.g., shape), chromato-
graphic, or solubility properties.

[0183] Receptor-G-protein interactions can also be exam-
ined. Binding of the G-protein to the receptor or its release
from the receptor can also be examined. For a general
review of GPCR signal transduction and methods of assay-
ing signal transduction, see, e.g., Methods in Enzymology,
vols. 237 and 238 (1994) and volume 96 (1983); Bourne et
al., Nature 10:349:117-27 (1991); Bourne et al., Nature
348:125-32 (1990); Pitcher et al., Annu. Rev. Biochem.
67:653-92 (1998). In the absence of ligand or an agonist,
there is a tight association between the heterotrimeric G
protein and the GPCR. Stimulation by either the endogenous
ligand (fractalkine) or an agonist of CX3CR1 will allow a
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conformational change that leads to the exchange of GDP to
GTP on the o subunit of the trimeric G protein complex.
This results in dissociation of the o subunit from the Py
subunits therby triggering multiple downstream signals.

[0184] These signal transduction events include activation
of phospholipases, hydrolysis of phosphatidylinositol (4,5)
bisphosphate, formation of diacylglycerol and inositol tris-
phosphate (IP3), intracellular calcium influx and activation
of protein kinase C (PKC), AKT/PKB, and Mitogen-acti-
vated protein kinases (MAPK). Heterodimer $yG subunits
have been reported to activate p110y PI3-kinase dependent
signalling. GPy-p110y PI3-kinase dependent signals play a
role in the process of activating AKT/PKB, p42/44 MAPK
as well as the calcium influx.

[0185] There is considerable evidence that both the active
GTP bound form of the a subunit as well as the fy subunit
of the G protein can activate these signals. The downstream
signalling for CX3CR1 appears to be pertussis toxin sensi-
tive, suggesting that the G protein belongs to a Gai class.
Activation of Gai will result in inhibition of adenylate
cyclase and therefore decreases intracellular concentrations
of cyclic AMP. It has been clearly demonstrated that pre-
treatment of freshly isolated rat adipocytes and soleus
muscle with pertussis toxin decreases insulin stimulated
glucose uptake (Kanoh et al., Cell Signal: 12:223-232
(2000)). Studies with a transgenic mice overexpressing a
constitutive active form of a Gai subunit in skeletal muscle,
adipose and liver tissues displayed increased glucose trans-
port and translocation of GLUT4 to the plasma membrane in
the absence of insulin in vivo (Song et al., J. Biol. Chem.
276:34651 (2001)). These systems can be adapted to identify
CX3CR1 or fractalkine modulators whose downstream
effect is to regulate glucose transport.

[0186] Compounds that modulate the duration of signal
transduction are useful, for example, to treat diabetes or
pre-diabetic individuals. Activated GPCR receptors become
substrates for G-protein coupled receptor kinases (GRKs)
that phosphorylate the C-terminal tail of the receptor (and
possibly other sites as well). Thus, activators can promote
the transfer of >*P from gamma-labeled ATP to the receptor,
which can be assayed with a scintillation counter. The
phosphorylation of the C-terminal tail will promote the
binding of arrestin-like proteins and will interfere with the
binding of G-proteins. The GRK/B-arrestins pathway plays
a role in the desensitization of many GPCR receptors,
potentially regulating duration of signal transduction. In
addition to their role as GPCR-specific endocytic adaptor
proteins, (-arrestins also serve as molecular scaffolds that
foster the formation of alternative, heterotrimeric G protein-
independent signal transduction complexes. -arrestin has
been found to interact with several proteins including the
nonreceptor tyrosine kinase c-src, ASK1 and JNK3 (see,
e.g., Ferguson, Pharmacological Reviews 53:1-24 (2001)
and Miller & Lefkowitz, Curr. Opin. Cell Biol., 13:139
(2001)).

[0187] In addition, a number of kinases that are phospho-
rylated and upregulated in response to CX3CR1 stimulation
can be analyzed to indirectly measure fractalkine and/or
CX3CR1 activity. Examples of such kinases include, e.g.,
AKT/PKB (see, e.g., Meucci et al., Proc. Natl. Acad. Sci.
US4 97:8075 (2000)), MAPK (see, e.g., Cambien et al.,
Blood 97:2031-2037 (2001)), SAPK/INK1 and p38/SAPK2
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(see, e.g., Cambien et al., Blood 97:2031-2037 (2001)) and
nonreceptor tyrosine Kinases such as p60 src and p72 syk
(see, e.g., Cambien et al., Blood 97:2031-2037 (2001)). The
phosphorylation state of any of these proteins can be
detected and quantified according to known methods, e.g.,
using phosph-specific antibodies in ELISA assays. Simi-
larly, the kinase activity of these proteins can be detected
using standard kinase assays, for example, using generic in
vitro substrates such as myelin basic protein. In addition,
reporter gene assays can be used to monitor activation of
transcriptional complexes regulated by the above-described
proteins (e.g., MAPK). Thus, modulation of the phospho-
rylation state or kinase activity of down stream proteins in
response to small molecule treatment of a cell indicates that
the small molecule modulates CX3CRI1 activity.

[0188] One method for high throughput identification of
molecules that modulate CX3CR1-dependent phosphoryla-
tion involves translational fusions of the DNA binding
domain of a first transcription factor and the regulatory
domain of a second transcription factor. See, e.g., Rees, et al,
J. Biomolecular Screening 6(1):19-27 (2001). For example,
cells expressing CX3CR1 are transfected with a fusion of
the regulatory domain of a mammalian transcription factor
(e.g., amino acids 83431 of SAP1) and the DNA binding and
transcriptional activation domain of yeast GAL4. The fusion
recognizes and activates a reporter gene fusion construct
when the mammalian transcription factor domain is acti-
vated by MAPK as an indirect measurement of CX3CR1
activity.

[0189] Any suitable physiological change that affects
GPCR activity can also be used to assess the influence of a
test compound on the polypeptides of this invention. When
the functional consequences are determined using intact
cells or animals, one can also measure a variety of effects
such as transmitter release, hormone release, transcriptional
changes to both known and uncharacterized genetic markers
(e.g., northern blots), changes in cell metabolism such as cell
growth or pH changes, and changes in intracellular second
messengers such as Ca®* (see, e.g., Kansra et al., J. Biol.
Chem. 276:31831-31838 (2001)), IP3 (see, e.g., J. Biol.
Chem. 274:10053-10058 (1999) and Berridge & Irvine,
Nature 312:315-21 (1984)) or cAMP. Cells expressing
G-protein coupled receptors such as CX3CR1 may exhibit
increased cytoplasmic calcium levels as a result of activation
of ion channels.

[0190] Preferred assays for G-protein coupled receptors
include cells that are loaded with ion or voltage sensitive
dyes to report receptor activity. Assays for determining
activity of such receptors can also use known agonists and
antagonists of CX3CR1 or other G-protein coupled recep-
tors as negative or positive controls to assess activity of
tested compounds. In assays for identifying modulatory
compounds (e.g., agonists, antagonists), changes in the level
of ions in the cytoplasm or membrane voltage will be
monitored using an ion sensitive or membrane voltage
fluorescent indicator, respectively. Among the ion-sensitive
indicators and voltage probes that may be employed are
those disclosed in the Molecular Probes 1997 Catalog. For
G-protein coupled receptors, promiscuous G-proteins such
as Gal5 and Gal6 can be used in the assay of choice
(Wimnlie et al., Proc. Nat’l Acad. Sci. USA 88:10049-10053-
(1991)). Such promiscuous G-proteins allow coupling of a
wide range of receptors.
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[0191] Changes in ion flux may also be assessed by
determining changes in polarization (i.e., electrical poten-
tial) of the cell or membrane expressing CX3CR1. One
means to determine changes in cellular polarization is by
measuring changes in current (thereby measuring changes in
polarization) with voltage-clamp and patch-clamp tech-
niques, e.g., the “cell-attached” mode, the “inside-out”
mode, and the “whole cell” mode (see, e.g., Ackerman et al.,
New Engl. J. Med. 336:1575-1595 (1997)). Whole cell
currents are conveniently determined using the standard
methodology (see, e.g., Hamil et al., PFlugers. Archiv.
391:85 (1981). Other known assays include: radiolabeled
ion flux assays and fluorescence assays using voltage-
sensitive dyes (see, e.g., Vestergarrd-Bogind et al., J. Mem-
brane Biol. 88:67-75 (1988); Gonzales & Tsien, Chem. Biol.
4:269-277 (1997); Daniel et al., J. Pharmacol. Meth.
25:185-193 (1991); Holevinsky et al., J Membrane Biology
137:59-70 (1994)).

[0192] Other assays can involve determining the activity
of receptors which, when activated, result in a change in the
level of intracellular cyclic nucleotides, e.g., cAMP or
c¢GMP, by activating or inhibiting enzymes such as adeny-
late cyclase. There are cyclic nucleotide-gated ion channels,
e.g., rod photoreceptor cell channels and olfactory neuron
channels that are permeable to cations upon activation by
binding of cAMP or cGMP (see, e.g., Altenhofen et al., Proc.
Natl. Acad. Sci. U.S.A. 88:9868-9872 (1991) and Dhallan et
al., Nature 347:184-187 (1990)). In cases where activation
of the receptor results in a decrease in cyclic nucleotide
levels, it may be preferable to expose the cells to agents that
increase intracellular cyclic nucleotide levels, e.g., forskolin,
prior to adding a receptor-activating compound to the cells
in the assay. Cells for this type of assay can be made by
co-transfection of a host cell with DNA encoding a cyclic
nucleotide-gated ion channel, GPCR phosphalase and DNA
encoding a receptor (e.g., certain glutamate receptors, mus-
carinic acetylcholine receptors, dopamine receptors, seroto-
nin receptors, and the like), which, when activated, causes a
change in cyclic nucleotide levels in the cytoplasm.

[0193] In one embodiment, the changes in intracellular
cAMP or cGMP can be measured using immunoassays. The
method described in Offermanns & Simon, J. Biol. Chem.
270:15175-15180 (1995) may be used to determine the level
of cAMP. Also, the method described in Felley-Bosco et al.,
Am. J. Resp. Cell and Mol. Biol. 11:159-164 (1994) may be
used to determine the level of cGMP. Further, an assay kit
for measuring cAMP and/or cGMP is described in U.S. Pat.
No. 4,115,538, herein incorporated by reference.

[0194] In another embodiment, phosphatidyl inositol (PT)
hydrolysis can be analyzed according to U.S. Pat. No.
5,436,128, herein incorporated by reference. Briefly, the
assay involves labeling of cells with *H-myoinositol for 48
or more hrs. The labeled cells are treated with a test
compound for one hour. The treated cells are lysed and
extracted in chloroform-methanol-water after which the
inositol phosphates were separated by ion exchange chro-
matography and quantified by scintillation counting. Fold
stimulation is determined by calculating the ratio of cpm in
the presence of agonist to cpm in the presence of buffer
control. Likewise, fold inhibition is determined by calculat-
ing the ratio of cpm in the presence of antagonist to cpm in
the presence of buffer control (which may or may not
contain an agonist).
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[0195] Other assays to determine CX3CRI1 or fractalkine
function include, e.g., chemotaxis assays or exocytosis
assays to determine the effect of modulators on granulation
and granule release of serine esterases. See, e.g., PCT/US00/
23837.

[0196] Samples or assays that are treated with a potential
CX3CR1 inhibitor or activator are compared to control
samples without the test compound, to examine the extent of
modulation. Control samples (untreated with activators or
inhibitors) are assigned a relative CX3CR1 activity value of
100. Inhibition of CX3CR1 is achieved when the CX3CR1
activity value relative to the control is about 90%, optionally
50%, optionally 25-0%. Activation of CX3CRI1 is achieved
when the CX3CR1 activity value relative to the control is
110%, optionally 150%, 200%, 300%, 400%, 500%, or
1000-2000%.

[0197] 3. Expression Assays

[0198] Screening for a compound that modulates the
expression of CX3CR1 or fractalkine are also provided.
Screening methods generally involve conducting cell-based
assays in which test compounds are contacted with one or
more cells expressing CX3CR1 or fractalkine, and then
detecting an increase or decrease in CX3CRI1 or fractalkine
expression (either transcript or translation product). Assays
can be performed with any cells that express CX3CR1 or
fractalkine.

[0199] CX3CRI or fractalkine expression can be detected
in a number of different ways. As described infra, the
expression level of CX3CR1 or fractalkine in a cell can be
determined by probing the mRNA expressed in a cell with
a probe that specifically hybridizes with a transcript (or
complementary nucleic acid derived therefrom) of CX3CR1
or fractalkine. Probing can be conducted by lysing the cells
and conducting Northern blots or without lysing the cells
using in situ-hybridization techniques. Alternatively,
CX3CR1 or fractalkine protein can be detected using immu-
nological methods in which a cell lysate is probed with
antibodies that specifically bind to CX3CR1 or fractalkine.

[0200] Other cell-based assays involve reporter assays
conducted with cells using standard reporter gene assays.
These assays can be performed in either cells that do, or do
not, express CX3CR1 or fractalkine. Some of these assays
are conducted with a heterologous nucleic acid construct
that includes a CX3CR1 or fractalkine promoter that is
operably linked to a reporter gene that encodes a detectable
product. A number of different reporter genes can be utilized.
Some reporters are inherently detectable. An example of
such a reporter is green fluorescent protein that emits
fluorescence that can be detected with a fluorescence detec-
tor. Other reporters generate a detectable product. Often
such reporters are enzymes. Exemplary enzyme reporters
include, but are not limited to, P-glucuronidase, CAT
(chloramphenicol acetyl transferase; Alton and Vapnek
(1979) Nature 282:864-869), luciferase, §-galactosidase and
alkaline phosphatase (Toh, et al. (1980) Eur. J. Biochem.
182:231-238; and Hall et al. (1983) J. Mol. Appl. Gen. 2:
101).

[0201] In these assays, cells harboring the reporter con-
struct are contacted with a test compound. Modulated pro-
moter expression is monitored by detecting the level of a
detectable reporter. A number of different kinds of CX3CR1
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or fractalkine modulators can be identified in this assay. For
example, a test compound that inhibits the promoter by
binding to it, inhibits the promoter by binding to transcrip-
tion factors or other regulatory factors, binds to their pro-
moter or triggers a cascade that produces a molecule that
inhibits the promoter can be identified. Similarly a test
compound that, e.g., activates the promoter by binding to it,
activates the promoter by binding to transcription factors or
other regulatory factors, binds to their promoter or triggers
a cascade that produces a molecule that activates the pro-
moter can also be identified.

[0202] The level of expression or activity can be compared
to a baseline value. The baseline value can be a value for a
control sample or a statistical value that is representative of
CX3CR1 or fractalkine expression levels for a control
population (e.g., lean individuals as described herein) or
cells (e.g., tissue culture cells not exposed to an CX3CR1 or
fractalkine modulator). Expression levels can also be deter-
mined for cells that do not express CX3CR1 or fractalkine
as a negative control. Such cells generally are otherwise
substantially genetically the same as the test cells.

[0203] A variety of different types of cells can be utilized
in the reporter assays. Cells that express an endogenous
CX3CR1 include, e.g., monocytes, neutrophils, leukocytes
or brain, spleen cells, skeletal muscle or adipocytes. Cells
that do not endogenously express CX3CR1 can be prokary-
otic, but are preferably eukaryotic. The eukaryotic cells can
be any of the cells typically utilized in generating cells that
harbor recombinant nucleic acid constructs. Exemplary
eukaryotic cells include, but are not limited to, yeast, and
various higher eukaryotic cells such as the HEK293, HepG2,
COS, CHO and Hel a cell lines.

[0204] Various controls can be conducted to ensure that an
observed activity is authentic including running parallel
reactions with cells that lack the reporter construct or by not
contacting a cell harboring the reporter construct with test
compound. Compounds can also be further validated as
described below.

[0205] 4. Validation

[0206] Agents that are initially identified by any of the
foregoing screening methods can be further tested to vali-
date the apparent activity. Modulators which are selected for
further study can be tested on the “classic” insulin respon-
sive cell line, mouse 3T3-L1 adipocytes. Adipocytes are
pre-incubated with the modulators and tested for acute (up
to 4 hours) and chronic (overnight) effects on basal and
insulin-stimulated GLUT4 translocation and glucose uptake.

[0207] Following such studies, validity of the modulators
is tested in suitable animal models. The basic format of such
methods involves administering a lead compound identified
during an initial screen to an animal that serves as a model
for humans and then determining if CX3CRI1 is in fact
modulated.

[0208] The effect of the compound will be assessed in
either diabetic animals or in diet induced insulin resistant
animals. The blood glucose and insulin levels will be
determined. The animal models utilized in validation studies
generally are mammals of any kind. Specific examples of
suitable animals include, but are not limited to, primates,
mice and rats. For example, monogenic models of diabetes
(e.g., ob/ob and db/db mice, Zucker rats and Zucker Diabetic
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Fatty rats etc) or polygenic models of diabetes (e.g., OLETF
rats, GK rats, NSY mice, and KK mice) can be useful for
validating CX3CR1 or fractalkine modulation in a diabetic
or insulin resistant animals. In addition, transgenic animals
expressing human CX3CR1 can be used to further validate
drug candidates.

[0209] C. Solid Phase and Soluble High Throughput
Assays

[0210] In the high throughput assays of the invention, it is
possible to screen up to several thousand different modula-
tors or ligands in a single day. In particular, each well of a
microtiter plate can be used to run a separate assay against
a selected potential modulator, or, if concentration or incu-
bation time effects are to be observed, every 5-10 wells can
test a single modulator. Thus, a single standard microtiter
plate can assay about 100 (e.g., 96) modulators. If 1536 well
plates are used, then a single plate can easily assay from
about 100 to about 1500 different compounds. It is possible
to assay several different plates per day; assay screens for up
to about 6,000-20,000 or more different compounds are
possible using the integrated systems of the invention. In
addition, microfluidic approaches to reagent manipulation
can be used.

[0211] The molecule of interest (e.g., CX3CR1) can be
bound to the solid state component, directly or indirectly, via
covalent or non-covalent linkage, e.g., via a tag. The tag can
be any of a variety of components. In general, a molecule
that binds the tag (a tag binder) is fixed to a solid support,
and the tagged molecule of interest (e.g., CX3CR1) is
attached to the solid support by interaction of the tag and the
tag binder.

[0212] A number of tags and tag binders can be used,
based upon known molecular interactions well described in
the literature. For example, where a tag has a natural binder,
for example, biotin, protein A, or protein G, it can be used
in conjunction with appropriate tag binders (avidin, strepta-
vidin, neutravidin, the Fc region of an immunoglobulin,
poly-His, etc.) Antibodies to molecules with natural binders
such as biotin are also widely available and appropriate tag
binders (see, SIGMA Immunochemicals 1998 catalogue
SIGMA, St. Louis Mo.).

[0213] Similarly, any haptenic or antigenic compound can
be used in combination with an appropriate antibody to form
a tag/tag binder pair. Thousands of specific antibodies are
commercially available and many additional antibodies are
described in the literature. For example, in one common
configuration, the tag is a first antibody and the tag binder is
a second antibody that recognizes the first antibody. In
addition to antibody-antigen interactions, receptor-ligand
interactions are also appropriate as tag and tag-binder pairs,
such as agonists and antagonists of cell membrane receptors
(e.g., cell receptor-ligand interactions such as transferrin,
c-kit, viral receptor ligands, cytokine receptors, chemokine
receptors, interleukin receptors, immunoglobulin receptors
and antibodies, the cadherin family, the integrin family, the
selectin family, and the like; see, e.g., Pigott & Power, The
Adhesion Molecule Facts Book I (1993)). Similarly, toxins
and venoms, viral epitopes, hormones (e.g., opiates, ste-
roids, etc.), intracellular receptors (e.g., which mediate the
effects of various small ligands, including steroids, thyroid
hormone, retinoids and vitamin D; peptides), drugs, lectins,
sugars, nucleic acids (both linear and cyclic polymer con-
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figurations), oligosaccharides, proteins, phospholipids and
antibodies can all interact with various cell receptors.

[0214] Synthetic polymers, such as polyurethanes, poly-
esters, polycarbonates, polyureas, polyamides, polyethyl-
eneimines, polyarylene sulfides, polysiloxanes, polyimides,
and polyacetates can also form an appropriate tag or tag
binder. Many other tag/tag binder pairs are also useful in
assay systems described herein, as would be apparent to one
of skill upon review of this disclosure.

[0215] Common linkers such as peptides, polyethers, and
the like can also serve as tags, and include polypeptide
sequences, such as poly-Gly sequences of between about 5
and 200 amino acids (SEQ ID NO:15). Such flexible linkers
are known to those of skill in the art. For example, poly-
(ethylene glycol) linkers are available from Shearwater
Polymers, Inc., Huntsville, Ala. These linkers optionally
have amide linkages, sulfhydryl linkages, or heterofunc-
tional linkages.

[0216] Tag binders are fixed to solid substrates using any
of a variety of methods currently available. Solid substrates
are commonly derivatized or functionalized by exposing all
or a portion of the substrate to a chemical reagent that fixes
a chemical group to the surface that is reactive with a portion
of the tag binder. For example, groups that are suitable for
attachment to a longer chain portion would include amines,
hydroxyl, thiol, and carboxyl groups. Aminoalkylsilanes and
hydroxyalkylsilanes can be used to functionalize a variety of
surfaces, such as glass surfaces. The construction of such
solid phase biopolymer arrays is well described in the
literature (see, e.g., Merrifield, J. Am. Chem. Soc. 85:2149-
2154 (1963) (describing solid phase synthesis of, e.g.,
peptides); Geysen et al., J. Immun. Meth. 102:259-274
(1987) (describing synthesis of solid phase components on
pins); Frank and Doring, Tetrahedron 44:60316040 (1988)
(describing synthesis of various peptide sequences on cel-
lulose disks); Fodor et al., Science, 251:767-777 (1991);
Sheldon et al., Clinical Chemistry 39(4):718-719 (1993);
and Kozal et al., Nature Medicine 2(7):753759 (1996) (all
describing arrays of biopolymers fixed to solid substrates).
Non-chemical approaches for fixing tag binders to substrates
include other common methods, such as heat, cross-linking
by UV radiation, and the like.

[0217] The invention provides in vitro assays for identi-
fying, in a high throughput format, compounds that can
modulate the expression or activity of CX3CR1. Control
reactions that measure CX3CR1 activity of the cell in a
reaction that does not include a potential modulator are
optional, as the assays are highly uniform. Such optional
control reactions are appropriate and increase the reliability
of the assay. Accordingly, in a preferred embodiment, the
methods of the invention include such a control reaction. For
each of the assay formats described, “no modulator” control
reactions that do not include a modulator provide a back-
ground level of binding activity.

[0218] In some assays it will be desirable to have positive
controls. At least two types of positive controls are appro-
priate. First, a known activator of CX3CR1 of the invention
can be incubated with one sample of the assay, and the
resulting increase in signal resulting from an increased
expression level or activity of CX3CR1 are determined
according to the methods herein. Second, a known inhibitor
of CX3CRI1 can be added, and the resulting decrease in
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signal for the expression or activity of CX3 CR1 can be
similarly detected. It will be appreciated that modulators can
also be combined with activators or inhibitors to find modu-
lators that inhibit the increase or decrease that is otherwise
caused by the presence of the known modulator of CX3CR1.

VII. Compositions, Kits and Integrated Systems

[0219] The invention provides compositions, kits and inte-
grated systems for practicing the assays described herein
using nucleic acids-encoding the CX3CR1 or fractalkine
polypeptides of the invention, or CX3CRI1 or fractalkine
proteins, anti-CX3CR1 or fractalkine antibodies, etc.

[0220] The invention provides assay compositions for use
in solid phase assays; such compositions can include, for
example, one or more nucleic acids encoding a CX3CR1 or
fractalkine immobilized on a solid support, and a labeling
reagent. In each case, the assay compositions can also
include additional reagents that are desirable for hybridiza-
tion. Modulators of expression or activity of a CX3CR1 or
fractalkine of the invention can also be included in the assay
compositions.

[0221] The invention also provides kits for carrying out
the assays of the invention. The kits typically include a probe
that comprises an antibody that specifically binds to
CX3CR1 or fractalkine or a polynucleotide sequence encod-
ing a CX3CR1 or fractalkine polypeptide, and a label for
detecting the presence of the probe. The kits may include at
least one polynucleotide sequence encoding a CX3CR1 or
fractalkine polypeptides of the invention. Kits can include
any of the compositions noted above, and optionally further
include additional components such as instructions to prac-
tice a high-throughput method of assaying for an effect on
expression of the genes encoding the CX3CR1 or fractalkine
polypeptides of the invention, or on activity of the CX3CR1
polypeptides of the invention, one or more containers or
compartments (e.g., to hold the probe, labels, or the like), a
control modulator of the expression or activity of CX3CR1
or fractalkine polypeptides, a robotic armature for mixing kit
components or the like.

[0222] The invention also provides integrated systems for
high-throughput screening of potential modulators for an
effect on the expression or activity of the CX3CR1 or
fractalkine polypeptides of the invention. The systems can
include a robotic armature which transfers fluid from a
source to a destination, a controller which controls the
robotic armature, a label detector, a data storage unit which
records label detection, and an assay component such as a
microtiter dish comprising a well having a reaction mixture
or a substrate comprising a fixed nucleic acid or immobili-
zation moiety.

[0223] A number of robotic fluid transfer systems are
available, or can easily be made from existing components.
For example, a Zymate XP (Zymark Corporation; Hopkin-
ton, Mass.) automated robot using a Microlab 2200 (Hamil-
ton; Reno, Nev.) pipetting station can be used to transfer
parallel samples to 96 well microtiter plates to set up several
parallel simultaneous binding assays.

[0224] Optical images viewed (and, optionally, recorded)
by a camera or other recording device (e.g., a photodiode
and data storage device) are optionally further processed in
any of the embodiments herein, e.g., by digitizing the image
and storing and analyzing the image on a computer. A
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variety of commercially available peripheral equipment and
software is available for digitizing, storing and analyzing a
digitized video or digitized optical image, e.g., using PC
(Intel x86 or Pentium chip-compatible DOS®, OS2® WIN-
DOWS®, WINDOWS NT®, WINDOWS95®, WIN-
DOWS98®, or WINDOWS2000' based computers),
MACINTOSH®, or UNIX® based (e.g., SUN® work sta-
tion) computers.

[0225] One conventional system carries light from the
specimen field to a cooled charge-coupled device (CCD)
camera, in common use in the art. A CCD camera includes
an array of picture elements (pixels). The light from the
specimen is imaged on the CCD. Particular pixels corre-
sponding to regions of the specimen (e.g., individual hybrid-
ization sites on an array of biological polymers) are sampled
to obtain light intensity readings for each position. Multiple
pixels are processed in parallel to increase speed. The
apparatus and methods of the invention are easily used for
viewing any sample, e.g., by fluorescent or dark field
microscopic techniques.

VIII. Administration and Pharmaceutical Compositions

[0226] Modulators of CX3CR1 or fractalkine (e.g.,
antagonists or agonists) can be administered directly to the
mammalian subject for modulation of CX3CR1 or fracta-
Ikine activity in vivo. Similarly, recombinant fractalkine or
active fragments thereof (e.g., an active chemokine domain)
can be administered. Administration is by any of the routes
normally used for introducing a modulator compound into
ultimate contact with the tissue to be treated and is well
known to those of skill in the art. Although more than one
route can be used to administer a particular composition, a
particular route can often provide a more immediate and
more effective reaction than another route.

[0227] The pharmaceutical compositions of the invention
may comprise a pharmaceutically acceptable carrier. Phar-
maceutically acceptable carriers are determined in part by
the particular composition being administered, as well as by
the particular method used to administer the composition.
Accordingly, there is a wide variety of suitable formulations
of pharmaceutical compositions of the present invention
(see, e.g., Remington’s Pharmaceutical Sciences, 17" ed.

1985)).

[0228] The modulators (e.g., agonists or antagonists) of
the expression or activity of the CX3CR1 or fractalkine,
alone or in combination with other suitable components, can
be prepared for injection or for use in a pump device. Pump
devices (also known as “insulin pumps”) are commonly
used to administer insulin to patients and therefore can be
easily adapted to include compositions of the present inven-
tion. Manufacturers of insulin pumps include Ammas, Dis-
etronic and MiniMed.

[0229] The modulators (e.g., agonists or antagonists) of
the expression or activity of the CX3CRI1 or fractalkine,
alone or in combination with other suitable components, can
be made into aerosol formulations (i.e., they can be “nebu-
lized”) to be administered via inhalation. Aerosol formula-
tions can be placed into pressurized acceptable propellants,
such as dichlorodifluoromethane, propane, nitrogen, and the
like.

[0230] Formulations suitable for administration include
aqueous and non-aqueous solutions, isotonic sterile solu-
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tions, which can contain antioxidants, buffers, bacteriostats,
and solutes that render the formulation isotonic, and aqueous
and non-aqueous sterile suspensions that can include sus-
pending agents, solubilizers, thickening agents, stabilizers,
and preservatives. In the practice of this invention, compo-
sitions can be administered, for example, orally, nasally,
topically, intravenously, intraperitoneally, or intrathecally.
The formulations of compounds can be presented in unit-
dose or multi-dose sealed containers, such as ampoules and
vials. Solutions and suspensions can be prepared from sterile
powders, granules, and tablets of the kind previously
described. The modulators can also be administered as part
of a prepared food or drug.

[0231] The dose administered to a patient, in the context
of the present invention should be sufficient to induce a
beneficial response in the subject over time. The optimal
dose level for any patient will depend on a variety of factors
including the efficacy of the specific modulator employed,
the age, body weight, physical activity, and diet of the
patient, on a possible combination with other drugs, and on
the severity of the case of diabetes. It is recommended that
the daily dosage of the modulator be determined for each
individual patient by those skilled in the art in a similar way
as for known insulin compositions. The size of the dose also
will be determined by the existence, nature, and extent of
any adverse side-effects that accompany the administration
of a particular compound or vector in a particular subject.

[0232] In determining the effective amount of the modu-
lator to be administered a physician may evaluate circulating
plasma levels of the modulator, modulator toxicity, and the
production of anti-modulator antibodies. In general, the dose
equivalent of a modulator is from about 1 ng/kg to 10 mg/kg
for a typical subject.

[0233] For administration, CX3CR1 or fractalkine modu-
lators of the present invention can be administered at a rate
determined by the LD-50 of the modulator, and the side-
effects of the modulator at various concentrations, as applied
to the mass and overall health of the subject. Administration
can be accomplished via single or divided doses.

[0234] The compounds of the present invention can also
be used effectively in combination with one or more addi-
tional active agents depending on the desired target therapy
(ee, e.g., Turner, N. et al. Prog. Drug Res. (1998) 51: 33-94;
Haffner, S. Diabetes Care (1998) 21: 160-178; and
DeFronzo, R. et al. (eds.), Diabetes Reviews (1997) Vol. 5
No. 4). A number of studies have investigated the benefits of
combination therapies with oral agents (see, e.g., Mahler, R.,
J. Clin. Endocrinol. Metab. (1999) 84: 1165-71; United
Kingdom Prospective Diabetes Study Group: UKPDS 28,
Diabetes Care (1998) 21: 87-92; Bardin, C. W., (ed.),
Current Therapy In Endocrinology And Metabolism, 6th
Edition (Mosby—Year Book, Inc., St. Louis, Mo. 1997);
Chiasson, J. et al., Ann. Intern. Med. (1994) 121: 928-935;
Coniff, R. et al., Clin. Ther. (1997) 19: 16-26; Coniff, R. et
al., Am. J. Med. (1995) 98: 443-451; and Iwamoto, Y. et al.,
Diabet. Med. (1996) 13 365-370; Kwiterovich, P. Am. J.
Cardiol (1998) 82(12A): 3U-17U). These studies indicate
that modulation of diabetes, among other diseases, can be
further improved by the addition of a second agent to the
therapeutic regimen. Combination therapy includes admin-
istration of a single pharmaceutical dosage formulation that
contains a CX3CR1 or fractalkine modulator of the inven-
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tion and one or more additional active agents, as well as
administration of a CX3CR1 or fractalkine modulator and
each active agent in its own separate pharmaceutical dosage
formulation. For example, a CX3CR1 or fractalkine modu-
lator and a thiazolidinedione can be administered to the
human subject together in a single oral dosage composition,
such as a tablet or capsule, or each agent can be administered
in separate oral dosage formulations. Where separate dosage
formulations are used, an CX3CR1 or fractalkine modulator
and one or more additional active agents can be adminis-
tered at essentially the same time (i.e., concurrently), or at
separately staggered times (i.e., sequentially). Combination
therapy is understood to include all these regimens.

[0235] One example of combination therapy can be seen
in treating pre-diabetic individuals (e.g., to prevent progres-
sion into type 2 diabetes) or diabetic individuals (or treating
diabetes and its related symptoms, complications, and dis-
orders), wherein the CX3CR1 or fractalkine modulators can
be effectively used in combination with, for example, sul-
fonylureas (such as chlorpropamide, tolbutamide, acetol-
hexamide, tolazamide, glyburide, gliclazide, glynase, glime-
piride, and glipizide); biguanides (such as metformin); a
PPAR beta delta agonist; a ligand or agonist of PPAR
gamma such as thiazolidinediones (such as ciglitazone,
pioglitazone (see, e.g., U.S. Pat. No. 6,218,409), troglita-
zone, and rosiglitazone (see, e.g. U.S. Pat. No. 5,859,037));
PPAR alpha agonists such as clofibrate, gemfibrozil, fenofi-
brate, ciprofibrate, and bezafibrate; dehydroepiandrosterone
(also referred to as DHEA or its conjugated sulphate ester,
DHEA-SO4); antiglucocorticoids; TNFa inhibitors; a-glu-
cosidase inhibitors (such as acarbose, miglitol, and voglib-
ose); amylin and amylin derivatives (such as pramlintide,
(see, also, U.S. Pat. Nos. 5,902,726; 5,124,314; 5,175,145
and 6,143,718.)); insulin secretogogues (such as repaglinide,
gliquidone, and nateglinide (see, also, U.S. Pat. Nos. 6,251,
856; 6,251,865; 6,221,633; 6,174,856)), and insulin.

IX. Gene Therapy

[0236] Conventional viral and non-viral based gene trans-
fer methods can be used to introduce nucleic acids encoding
engineered polypeptides of the invention in mammalian
cells or target tissues. Such methods can be used to admin-
ister nucleic acids encoding polypeptides of the invention
(e.g., fractalkine or CX3CR1, including variants thereof) to
cells in vitro. In some embodiments, the nucleic acids
encoding polypeptides of the invention are administered for
in vivo or ex vivo gene therapy uses. Non-viral vector
delivery systems include DNA plasmids, naked nucleic acid,
and nucleic acid complexed with a delivery vehicle such as
a liposome. Viral vector delivery systems include DNA and
RNA viruses, which have either episomal or integrated
genomes after delivery to the cell. For a review of gene
therapy procedures, see Anderson, Science 256:808-813
(1992); Nabel & Felgner, TIBTECH 11:211-217 (1993);
Mitani & Caskey, TIBTECH 11: 162-166 (1993); Dillon,
TIBTECH 11:167-175 (1993); Miller, Nature 357:455-460
(1992); Van Brunt, Biotechnology 6(10): 1149-1154 (1988);
Vigne, Restorative Neurology and Neuroscience 8:35-36
(1995); Kremer & Perricaudet, British Medical Bulletin
51(1):31-44 (1995); Haddada et al., in Current Topics in
Microbiology and Immunology Doerfler and Béhm (eds)
(1995); and Yu et al., Gene Therapy 1:13-26 (1994).

[0237] Methods of non-viral delivery of nucleic acids
encoding engineered polypeptides of the invention include
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lipofection, microinjection, biolistics, virosomes, liposomes,
immunoliposomes, polycation or lipid:nucleic acid conju-
gates, naked DNA, artificial virions, and agent-enhanced
uptake of DNA. Lipofection is described in e.g., U.S. Pat.
No. 5,049,386, U.S. Pat. No. 4,946,787; and U.S. Pat. No.
4,897,355) and lipofection reagents are sold commercially
(e.g., Transfectam™ and Lipofectin™). Cationic and neutral
lipids that are suitable for efficient receptor-recognition
lipofection of polynucleotides include those of Felgner, WO
91/17424, WO 91/16024. Delivery can be to cells (ex vivo
administration) or target tissues (in vivo administration).

[0238] The preparation of lipid:nucleic acid complexes,
including targeted liposomes such as immunolipid com-
plexes, is well known to one of skill in the art (see, e.g.,
Crystal, Science 270:404-410 (1995); Blaese et al., Cancer
Gene Ther. 2:291-297 (1995); Behr et al., Bioconjugate
Chem. 5:382-389 (1994); Remy et al., Bioconjugate Chem.
5:647-654 (1994); Gao et al., Gene Therapy 2:710-722
(1995); Ahmad et al., Cancer Res. 52:4817-4820 (1992);
U.S. Pat. Nos. 4,186,183, 4,217,344, 4,235,871, 4,261,975,
4,485,054, 4,501,728, 4,774,085, 4,837,028, and
4,946,787).

[0239] The use of RNA or DNA viral based systems for
the delivery of nucleic acids encoding engineered polypep-
tides of the invention take advantage of highly evolved
processes for targeting a virus to specific cells in the body
and trafficking the viral payload to the nucleus. Viral vectors
can be administered directly to patients (in vivo) or they can
be used to treat cells in vitro and the modified cells are
administered to patients (ex vivo). Conventional viral based
systems for the delivery of polypeptides of the invention
could include retroviral, lentivirus, adenoviral, adeno-asso-
ciated and herpes simplex virus vectors for gene transfer.
Viral vectors are currently the most efficient and versatile
method of gene transfer in target cells and tissues. Integra-
tion in the host genome is possible with the retrovirus,
lentivirus, and adeno-associated virus gene transfer meth-
ods, often resulting in long term expression of the inserted
transgene. Additionally, high transduction efficiencies have
been observed in many different cell types and target tissues.

[0240] The tropism of a retrovirus can be altered by
incorporating foreign envelope proteins, expanding the
potential target population of target cells. Lentiviral vectors
are retroviral vectors that are able to transduce or infect
non-dividing cells and typically produce high viral titers.
Selection of a retroviral gene transfer system would there-
fore depend on the target tissue. Retroviral vectors are
comprised of cis-acting long terminal repeats with packag-
ing capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting L'TRs are sufficient for replication and
packaging of the vectors, which are then used to integrate
the therapeutic gene into the target cell to provide permanent
transgene expression. Widely used retroviral vectors include
those based upon murine leukemia virus (MuLV), gibbon
ape leukemia virus (GalV), Simian Immuno deficiency
virus (SW), human immuno deficiency virus (HIV), and
combinations thereof (see, e.g. Buchscher et al., J. Virol.
66,2731-2739 (1992); Johann et al., J. Virol. 66:1635-1640
(1992); Sommerfelt et al., Virol. 176:58-59 (1990); Wilson
et al., J. Virol 63:2374-2378 (1989); Miller et al., J. Virol.
65:2220-2224 (1991); PCT/US94/05700).

[0241] In applications where transient expression of the
polypeptides of the invention is preferred, adenoviral based
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systems are typically used. Adenoviral based vectors are
capable of very high transduction efficiency in many cell
types and do not require cell division. With such vectors,
high titer and levels of expression have been obtained. This
vector can be produced in large quantities in a relatively
simple system. Adeno-associated virus (“AAV”) vectors are
also used to transduce cells with target nucleic acids, e.g., in
the in vitro production of nucleic acids and peptides, and for
in vivo and ex vivo gene therapy procedures (see, e.g., West
et al., Virology 160:38-47 (1987); U.S. Pat. No. 4,797,368;
WO 93/24641; Kotin, Human Gene Therapy 5:793-801
(1994); Muzyczka, J. Clin. Invest. 94:1351 (1994)). Con-
struction of recombinant AAV vectors are described in a
number of publications, including U.S. Pat. No. 5,173,414;
Tratschin et al.,, Mol Cell. Biol. 5:3251-3260 (1985);
Tratschin, et al.; Mol. Cell. Biol. 4:2072-2081 (1984); Her-
monat & Muzyczka, PNAS 81:6466-6470 (1984); and Sam-
ulski et al., J. Virol. 63:03822-3828 (1989).

[0242] pLASN and MFG-S are examples are retroviral
vectors that have been used in clinical trials (Dunbar et al.,
Blood 85:3048-305 (1995); Kohn et al., Nat. Med. 1:1017-
102 (1995); Malech et al., PNAS 94:22 12133-12138
(1997)). PA317/pLASN was the first therapeutic vector used
in a gene therapy trial. (Blaese et al., Science 270:475-480
(1995)). Transduction efliciencies of 50% or greater have
been observed for MFG-S packaged vectors. (Ellem et al.,
Immunol Immunother. 44(1):10-20 (1997); Dranoff et al.,
Hum. Gene Ther. 1:111-2 (1997).

[0243] Recombinant adeno-associated virus vectors
(rAAV) are a promising alternative gene delivery systems
based on the defective and nonpathogenic parvovirus adeno-
associated type 2 virus. All vectors are derived from a
plasmid that retains only the AAV 145 bp inverted terminal
repeats flanking the transgene expression cassette. Efficient
gene transfer and stable transgene delivery due to integration
into the genomes of the transduced cell are key features for
this vector system. (Wagner et al., Lancet 351:9117 1702-3
(1998), Kearns et al., Gene Ther. 9:748-55 (1996)).

[0244] Replication-deficient recombinant adenoviral vec-
tors (Ad) can be engineered such that a transgene replaces
the Ad Ela, E1b, and E3 genes; subsequently the replication
defector vector is propagated in human 293 cells that supply
deleted gene function in trans. Ad vectors can transduce
multiply types of tissues in vivo, including nondividing,
differentiated cells such as those found in the liver, kidney
and muscle system tissues. Conventional Ad vectors have a
large carrying capacity. An example of the use of an Ad
vector in a clinical trial involved polynucleotide therapy for
antitumor immunization with intramuscular injection (Ster-
man et al., Hum. Gene Ther. 7:1083-9 (1998)). Additional
examples of the use of adenovirus vectors for gene transfer
in clinical trials include Rosenecker et al., Infection 24:15-
10 (1996); Sterman et al., Hum. Gene Ther. 9:7 1083-1089
(1998); Welsh et al., Hum. Gene Then. 2:205-18 (1995);
Alvarez et al., Hum. Gene Ther. 5:597-613 (1997); Topf et
al., Gene Ther. 5:507-513 (1998); Sterman et al., Hum. Gene
Ther. 7:1083-1089 (1998).

[0245] Packaging cells are used to form virus particles that
are capable of infecting a host cell. Such cells include 293
cells, which package adenovirus, and 42 cells or PA317
cells, which package retrovirus. Viral vectors used in gene
therapy are usually generated by producer cell line that
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packages a nucleic acid vector into a viral particle. The
vectors typically contain the minimal viral sequences
required for packaging and subsequent integration into a
host, other viral sequences being replaced by an expression
cassette for the protein to be expressed. The missing viral
functions are supplied in trans by the packaging cell line. For
example, AAV vectors used in gene therapy typically only
possess ITR sequences from the AAV genome which are
required for packaging and integration into the host genome.
Viral DN A is packaged in a cell line, which contains a helper
plasmid encoding the other AAV genes, namely rep and cap,
but lacking ITR sequences. The cell line is also infected with
adenovirus as a helper. The helper virus promotes replication
of the AAV vector and expression of AAV genes from the
helper plasmid. The helper plasmid is not packaged in
significant amounts due to a lack of ITR sequences. Con-
tamination with adenovirus can be reduced by, e.g., heat
treatment to which adenovirus is more sensitive than AAV.

[0246] In many gene therapy applications, it is desirable
that the gene therapy vector be delivered with a high degree
of specificity to a particular tissue type. A viral vector is
typically modified to have specificity for a given cell type by
expressing a ligand as a fusion protein with a viral coat
protein on the viruses outer surface. The ligand is chosen to
have affinity for a receptor known to be present on the cell
type of interest. For example, Han et al., PNAS 92:9747-
9751 (1995), reported that Moloney murine leukemia virus
can be modified to express human heregulin fused to gp70,
and the recombinant virus infects certain human breast
cancer cells expressing human epidermal growth factor
receptor. This principle can be extended to other pairs of
virus expressing a ligand fusion protein and target cell
expressing a receptor. For example, filamentous phage can
be engineered to display antibody fragments (e.g., FAB or
Fv) having specific binding affinity for virtually any chosen
cellular receptor., Although the above description applies
primarily to viral vectors, the same principles can be applied
to nonviral vectors. Such vectors can be engineered to
contain specific uptake sequences thought to favor uptake by
specific target cells.

[0247] Gene therapy vectors can be delivered in vivo by
administration to an individual patient, typically by systemic
administration (e.g., intravenous, intraperitoneal, intramus-
cular, subdermal, or intracranial infusion) or topical appli-
cation, as described below. Alternatively, vectors can be
delivered to cells ex vivo, such as cells explanted from an
individual patient (e.g., lymphocytes, bone marrow aspi-
rates, tissue biopsy) or universal donor hematopoietic stem
cells, followed by reimplantation of the cells into a patient,
usually after selection for cells which have incorporated the
vector.

[0248] Ex vivo cell transfection for diagnostics, research,
or for gene therapy (e.g., via re-infusion of the transfected
cells into the host organism) is well known to those of skill
in the art. In a preferred embodiment, cells are isolated from
the subject organism, transfected with a nucleic acid (gene
or cDNA) encoding a polypeptides of the invention, and
re-infused back into the subject organism (e.g., patient).
Various cell types suitable for ex vivo transfection are well
known to those of skill in the art (see, e.g., Freshney et al.,
Culture of Animal Cells, A Manual of Basic Technique (3rd
ed. 1994)) and the references cited therein for a discussion
of how to isolate and culture cells from patients).
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[0249] In one embodiment, stem cells are used in ex vivo
procedures for cell transfection and gene therapy. The
advantage to using stem cells is that they can be differen-
tiated into other cell types in vitro, or can be introduced into
a mammal (such as the donor of the cells) where they will
engraft in the bone marrow. Methods for differentiating
CD34+ cells in vitro into clinically important immune cell
types using cytokines such a GM-CSF, IFN-y and TNF-a. are
known (see Inaba et al., J Exp. Med 176:1693-1702
(1992)).

[0250] Stem cells are isolated for transduction and differ-
entiation using known methods. For example, stem cells are
isolated from bone marrow cells by panning the bone
marrow cells with antibodies which bind unwanted cells,
such as CD4+ and CD8+ (T cells), CD45+ (panB cells),
GR-1 (granulocytes), and Iad (differentiated antigen present-
ing cells) (see Inaba et al., J. Exp. Med. 176:1693-1702
(1992)).

[0251] Vectors (e.g., retroviruses, adenoviruses, lipo-
somes, etc.) containing therapeutic nucleic acids can be also
administered directly to the organism for transduction of
cells in vivo. Alternatively, naked DNA can be administered.
Administration is by any of the routes normally used for
introducing a molecule into ultimate contact with blood or
tissue cells. Suitable methods of administering such nucleic
acids are available and well known to those of skill in the art,
and, although more than one route can be used to administer
a particular composition, a particular route can often provide
a more immediate and more effective reaction than another
route.

[0252] Pharmaceutically acceptable carriers are deter-
mined in part by the particular composition being adminis-
tered, as well as by the particular method used to administer
the composition. Accordingly, there is a wide variety of
suitable formulations of pharmaceutical compositions of the
present invention, as described below (see, e.g., Reming-
ton’s Pharmaceutical Sciences, 17th ed., 1989).

X. Diagnosis of Diabetes

[0253] The present invention also provides methods of
diagnosing diabetes or a predisposition of at least some of
the pathologies of diabetes. Diagnosis can involve determi-
nation of a genotype of an individual (e.g., with SNPs) and
comparison of the genotype with alleles known to have an
association with the occurrence of diabetes or other
CX3CR1 or fractalkine-related disease. Alternatively, diag-
nosis also involves determining the level of CX3CR1 and/or
fractalkine (protein or transcript) in a patient and then
comparing the level to a baseline or range. Typically, the
baseline value is representative of CX3CR1 or fractalkine in
a healthy (e.g., lean) person.

[0254] As discussed above, variation of levels (e.g., high
levels) of CX3CR1 or fractalkine from the baseline range
indicates that the patient is either diabetic or at risk of
developing at least some of the pathologies of diabetes (e.g.,
pre-diabetic). The level of a polypeptide in a lean individual
can be a reading from a single individual, but is typically a
statistically relevant average from a group of lean individu-
als. The level of a polypeptide in a lean individual can be
represented by a value, for example in a computer program.

[0255] In some embodiments, the level of CX3CRI or
fractalkine are measured by taking a blood, urine or tissue
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sample from a patient and measuring the amount of
CX3CR1 or fractalkine in the sample using any number of
detection methods, such as those discussed herein. For
instance, fasting and fed blood or urine levels can be tested.

[0256] In some embodiments, the baseline level and the
level in a lean sample from an individual, or at least two
samples from the same individual differ by at least about
5%, 10%, 20%, 50%, 75%, 100%, 150%, 200%, 300%,
400%, 500%, 1000% or more. In some embodiments, the
sample from the individual is greater by at least one of the
above-listed percentages relative to the baseline level. In
some embodiments, the sample from the individual is lower
by at least one of the above-listed percentages relative to the
baseline level.

[0257] In some embodiments, the level of CX3CR1 or
fractalkine is used to monitor the effectiveness of antidia-
betic therapies such as thiazolidinediones, metformin, sul-
fonylureas and other standard therapies. In some embodi-
ments the activity or expression of CX3CR1 or fractalkine
will be measured prior to and after treatment of diabetic or
pre-diabetic patients with antidiabetic therapies as a surro-
gate marker of clinical effectiveness. For example, the
greater the reduction in CX3CRI1 or fractalkine expression
or activity indicates greater effectiveness.

[0258] Glucose/insulin tolerance tests can also be used to
detect the effect of glucose levels on CX3CR1 or fractalkine
levels. In glucose tolerance tests, the patient’s ability to
tolerate a standard oral glucose load is evaluated by assess-
ing serum and urine specimens for glucose levels. Blood
samples are taken before the glucose is ingested, glucose is
given by mouth, and blood or urine glucose levels are tested
at set intervals after glucose ingestion. Similarly, meal
tolerance tests can also be used to detect the effect of insulin
or food, respectively, on CX3CRI1 or fractalkine levels.

[0259] All publications and patent applications cited in
this specification are herein incorporated by reference as if
each individual publication or patent application were spe-
cifically and individually indicated to be incorporated by
reference.

[0260] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications may be made thereto without departing from the
spirit or scope of the appended claims.

EXAMPLES

[0261] The following examples are offered to illustrate,
but not to limit the claimed invention.

[0262] This disclosure describes for the first time the
involvement of CX3CR1 and its chemokine, fractalkine, in
signaling and increasing insulin sensitivity in adipocytes and
skeletal muscle.

Upregulation of CX3CR1 in Human Diabetic Skeletal
Muscle as Determined by Affymetrix Genechips™

[0263] CX3CR1 was found to be upregulated 1.5 fold in
diabetic subjects (DIABETIC) with statistical significance
(students t-test p-value of <0.003) when compared to the
lean non-diabetic values (LEAN). See, FIG. 1A. The mean
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average difference scoreststandard error are 336+26 in the
lean (n=17) and 503+44 in the diabetic (n=19) skeletal
muscle samples after an overnight fast. An increase (a
1.36-fold upregulation) in CX3CR1 in the obese, non-
diabetic insulin resistant subjects (OBESE, n=15) was also
observed. The mean average difference scorexstandard error
is 457+62 but lacked significance (students t-test with a
p-value of <0.078).

Reconfirmation of Expression Levels of CX3CR1 by Quan-
titative PCR of Diabetic Skeletal Muscle

[0264] PCR primers and Tagman Probes were designed
using Perkin Elmer’s Primer Express software (Version 1.5).
Briefly, primers were chosen to produce an amplicon of
80-120 nucleotides in length

CX3CR1 6-fam-probe:

AATGCCTGGCTGTCCTGTGTGGG ; (SEQ ID NO: 16)

CX3CR1 forward PCR primer:

CAGAAGATACCTTTACCACCTGTATGG; (SEQ ID NO: 17)

CX3CR1 reverse PCR primer:

GAGGAGAAATCAACGTGGACTGA. (SEQ ID NO: 18)

Specificity was obtained by using primers and probes that
hybridize only to human CX3CR1. CX3CRI1 levels were
1.89- and 2.11-fold upregulated in obese and diabetic skel-
etal muscle, respectively, when compared to lean. See, FIG.
1B. The relative expression level as determined by quanti-
tative PCR was 1.86, 3.51 and 3.92 in lean, obese and
diabetic skeletal muscle samples, respectively.

Upregulation of CX3CR1 in Human Obese, Insulin Resis-
tant Non-Diabetic Skeletal Muscle as Determined by
Affymetrix Genechips™

[0265] Comparison of the expression profiles between the
7 most lean/normal insulin sensitive individuals with the 7
most insulin resistant obese, non-diabetic individuals was
studied. See FIG. 2A. This gene was upregulated 1.83 fold
in the insulin resistant subjects with statistical significance
(students test p-value<0.002). The mean average difference
score (xstandard error) for MBXHUMMUS03963 was
245+12 and 447+33 for insulin sensitive and insulin resis-
tant samples, respectively. The expression levels of
CX3CRI1 negatively correlated to the insulin sensitivity of
the subjects as measured by the glucose infusion rate into the
skeletal muscle (GINF) (Ludvik et al., J. Clin. Invest.
100:2354 (1997); Frias et al., Diabetes Care 23:64, (2000)).
The lean normal insulin sensitive population the GINF is
12.5+0.53 mgkg-1'min-1 (n=7) whereas the obese non-
diabetic subjects were insulin-resistant compared with lean
normal subjects, with a GINF of 5.07+0.49 mg-kg-1-min-1
(n=7).

[0266] This data is consistent with the finding that
CX3CR1 mRNA levels appear to have an inverse correlation
to the degree of insulin resistance.

Reconfirmation of Uprepulated CX3CR1 Expression Levels
by Quantitative PCR in Insulin Resistant Human Skeletal
Muscle Tissue

[0267] CX3CR1 was 2.38-fold upregulated in insulin
resistant skeletal muscle when compared to lean (p-value of
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<0.033). The mean relative expression levels+standard error
as determined by quantitative PCR were 7.32+1.83 in lean
normal insulin sensitive and 17.45+3.55 in insulin resistant
obese non-diabetic skeletal samples. See FIG. 2B

Reconfirmation of Expression Levels of Fractalkine by
Quantitative PCR of Diabetic Skeletal Muscle.

[0268] PCR primers and Tagman Probes were designed
using Perkin Elmer’s Primer Express software (Version 1.5).
Briefly, primers were chosen to produce an amplicon of
80-120 nucleotides in length.

Fractalkine 6-fam-probe:

CAAACGCGCAATCATCTTGGAGACG; (SEQ ID NO: 19)

Fractalkine forward PCR primer:

TCAACAGAACCAGGCATCATG; (SEQ ID NO: 20)

Fractalkine reverse PCR primer:
CGGGTCGGCACAGAACAG.

(SEQ ID NO: 21)
Specificity was obtained by using primers and probes that
hybridize only to human fractalkine. Fractalkine levels were
1.47- and 1.84-fold upregulated in obese and diabetic skel-
etal muscle, respectively, when compared to lean. See, FIG.

3. The relative expression level as determined by quantita-
tive PCR was 1.23, 1.81 and 2.26 in lean, obese and diabetic
skeletal muscle samples, respectively.

Upregulation of CX3CR1 in a Mouse Model of Diet Induced
Obesity and Insulin Resistance.

[0269] PCR primers were designed using Perkin Elmer’s
Primer Express software (Version 1.5). Briefly, primers were
chosen to produce an amplicon of 80-120 nucleotides in

length

CX3CR1 forward PCR primer:

AGAAGGGATACCTAAGATGCTGTTG; (SEQ ID NO: 22)

CX3CR1 reverse PCR primer:

CCACCCCCCAGCTTCTG. (SEQ ID NO: 23)

Specificity was obtained by using primers that hybridized
only to mouse CX3CR1.

[0270] DB/JA mice were fed a normal chow (NC) or a
chow with increasing fat content (32% and 42%) for 28
weeks. This mouse model of dietary induced obesity and
insulin resistance is one of the best rodent models for
mimicking human obese non-diabetic insulin resistance. We
found the CX3CR1 to be 2.31-fold upregulated in skeletal
muscle isolated from mice fed a 42% fat diet (HFD) when
compared to normal chow (p-value of <0.04). See FIG. 4A.
The mean relative expression levelsstandard error (n=5) as
determined by quantitative PCR were 0.81+0.075 in normal
chow, 0.99+0.295 in 32% HFD and 1.32+0.367 in 42% HFD
from epididymal adipose tissue, and, 1.36+0.426 in normal
chow, 2.36+0.693 in 32% HFD and 3.14+0.586 in 42% HFD
from skeletal muscle tissue.
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Upregulation of Neurotactin in a Mouse Model of Diet
Induced Obesity and Insulin Resistance

[0271] PCR primers were designed using Perkin Elmer’s
Primer Express software (Version 1.5). Briefly, primers were
chosen to produce an amplicon of 80-120 nucleotides in
length:

Neurotactin forward PCR primer:

CCAACTCCAGTGAACAATTATTTATTG; (SEQ ID NO: 24)

Neuortactin reverse PCR primer:
GCGCGCGGGAAACAG.

(SEQ ID NO: 25)

Specificity was obtained by using primers that hybridize
only to mouse neurotactin (mouse fractalkine).

[0272] DB/JA mice were fed a normal chow (NC) or a
chow with increasing fat content (32% and 42%) for 28
weeks. The fractalkine levels were 1.85-fold
(p-value<0.003) and 2.67-fold (P value<0.003) upregulated
in skeletal muscle isolated from mice fed either a 32% or
42% fat diet (HFD) when compared to normal chow. See
FIG. 4B. The mean relative expression levelszstandard
error (n=5) as determined by quantitative PCR were
1.06+0.101 in normal chow, 1.22+0.271 in 32% HFD and
0.98+0.097 in 42% HFD from epididymal adipose tissue,
and, 0.85+£0.074 in normal chow, 1.56x0.136 in 32% BFD
and 2.27+0.243 in 42% HFD from skeletal muscle tissue. No
effect by the diet on fractalkine expression levels was
observed in samples prepared from the heart.

Fractalkine Induces Phosphorylation of AKT/PKB in the
Absence of Insulin in 3T3-L1 Adipocytes

[0273] 3T3-L1 adipocytes were pretreated with either
vehicle alone (B), increasing concentrations of fractalkine
(0.5, 1, 10 or 100 nM) for 30 minutes or with 10 nM insulin
for 5 minutes at 37° C. Cells were washed once with cold
PBS solution and then solubilized in lysis buffer. Equivalent
amounts of total protein were separated on a 8% SDS-
PAGE, transferred to PVDF membrane and immunoblotted
with anti-phosphoserine 473-AKT/PKB rabbit polyclonal
antibodies. Treatment of adipocytes with fractalkine
increased the basal levels of AKT/PKB activity in the
absence of insulin. See FIG. 5A.
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Pretreatment of 3T3-L1 Adipocytes with Fractalkine
Increases Insulin-Stimulated Glucose Uptake

[0274] 3T3-L1 adipocytes were pretreated with either
vehicle alone or recombinant soluble fractalkine (FRA) at
the concentrations of 1, 10 or 100 nM for 4 hours at 37° C.
The cells were then stimulated with insulin (INS) at basal,
0.1, 1, or 10 nM for 30 minutes. The adipocytes were
assayed acutely for glucose transport activity by the mea-
surement of the glucose transport using [3H]2-deoxy-glu-
cose (2-DOG) uptake. Each assay was performed in tripli-
cate. See FIG. 5B and Table 1.

[0275] FIG. 5B provides evidence that fractalkine through
the activation of CX3CR1 can act as an insulin sensitizer.
Fractalkine treatment alone had small but significant
increases in basal glucose uptake levels, additive effects on
sub-maximal insulin stimulated glucose uptake with no
effect on maximal insulin stimulated glucose uptake into
3T3-L1 adipocytes. Thus, a conclusion from this data is that
overexpression of CX3CR1 in insulin resistant or diabetic
skeletal muscle represents one of the early compensatory
events that occurs in an attempt to overcome the developing
insulin resistant phenotype.

[0276] The data presented are mean 2-DOG uptake
valuesststandard errors (n=3). The actual values are as
follows:

Vehicle Alone+Basal 399+14, Vehicle Alone+0.1 nM INS
662+20,

Vehicle Alone+1 nM INS 2029+116, Vehicle Alone+10 nM
INS 3972+212;

1 nM FRA+Basal 544:31, 1 nM FRA+0. oM INS
1091262,

1 nM FRA+nM INS 3161+270, 1 nM FRA+10 nM INS
3659+206;

10 nM FRA+Basal 521£10, 10 nM FRA+0.1 nM INS
1282276,

10 nM FRA+1 nM INS 3536+173, 10 nM FRA+10 nM INS
3753+180;

100 nM FRA+Basal 515+56, 100 nM FRA+0.1 nM INS
1354+339,

[0277] 100nM FRA+1 nM INS 2726+225; 100 nM FRA+
10 nM INS 435243,

TABLE 1

Fold changes for the fractalkine induced increases in glucose uptake over vehicle pretreatment

alone determined from glucose uptake as shown in FIG. 5B. The Students t-test was used

to compare groups. p- values of £0.05 were considered significant.

+0.1 +1 nM +10 M
BASAL nM INS INS INS
FC pvalue FC pvalue FC pvalue FC pvalue
+1 nM FRA 1.4 0.028 1.6 0.013 1.6 0.036 0.9 0.348
+10 nM FRA 1.3 0.003 1.9 0.01 1.8 0.003 0.9 0.475

+100 nM FRA

1.3 0.169 2 0.177 1.3 0.069 1.1 0.211
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[0278] This study has defined the expression of both
fractalkine and CX3CR1 in rodent and human samples of
insulin resistance and/or diabetes. In obese, insulin resistant
non-diabetic subjects, CX3CR1 gene levels were signifi-
cantly increased over lean subjects. Furthermore this
elevated gene expression level was observed in the diabetic
population. The increased expression levels in insulin resis-
tance were mimicked by treating mice with a high fat diet
over 28 weeks. Without intending to limit the invention to a
particular mechanism, it is believed that fractalkine acts as
an insulin sensitizer indicating that overexpression of
CX3CR1 is a compensatory mechanism and acts as an
alternative means for the peripheral tissue to dispose of
glucose.

CX3CR1 Gene Silencing in 3T3-L1 Adipocytes by Small
Interfering RNAs Decreases Glucose Transport

[0279] Small interfering RNAs (siRNAs) (as described in,
e.g., Elbashir, S. M. et al. Duplexes of 21-nucleotide RNAs
mediate RNA interference in cultured mammalian cells.
Nature 411:494-498 (2001)) were transfected into cultured
adipocytes to induce specific degradation of the CX3CR1
messenger RNA in these cells. Insulin-stimulated 2-deoxy-
glocose uptake in adipocytes was assessed twenty four hours
post transfection. Basal and insulin-stimulated 2-deoxyglu-
cose uptake in cells transfected with siRNA 4 was signifi-
cantly inhibited as compared with cells transfected with a
scrambled siRNA at concentrations of 10 nM insulin (Table
2). CX3CRI1 protein levels were evaluated by western blot
and were found to be significantly decreased in cells trans-
fected with siRNA4 (Table 3). A conclusion from these data
is that siRNA-mediated attenuation of CX3CR1 expression
causes a corresponding decrease in GLUT4 responsiveness
to insulin. Thus, without intending to limit the invention to
a particular mechanism of action, it can be inferred from
these data that over-expression of CX3CR1 in insulin resis-
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tant or diabetic skeletal muscle represents one of the early
compensatory events that occurs in an attempt to overcome
the developing insulin resistant phenotype.

TABLE 2

Insulin-stimulated [*H]2-deoxyglucose (2DOG) uptake in differentiated
3T3-L1 adipocytes transfected with either a scrambled siRNA or siRNA
4. Data represent the average of three separate experiments and
are expressed as percents + SD with the cpm values generated
for the scrambled siRNA Basal taken as 100%. The Students t-test
was used to compare groups (Scramble siRNA versus siRNA4 Basal;
Scramble siRNA versus siRNA4 Stimulated).

Basal (0 nM Insulin)  Stimulated (10 nM Insulin)

Scrambled siRNA
siRNA 4

100 = 12
50.74%*% + 17

733.2 + 117
306.4%*% + 149

**P values of =0.05 were considered significant.
[0280]

TABLE 3

CX3CRI1 protein levels were evaluated by western blot using
a rabbit polyclonal antibody to rat CX3CR1 antibody (Abcam
ab7200). Quantification of the CX3CR1 protein was performed
using a scanning densitometer. Data are representative of
three separate experiments and are expressed as percents with
the arbitrary units values generated for the Scramble siRNA
taken as 100% for each individual experiments. The Students
t-test was used to compare groups. P values of =0.05 were
considered significant. N/A not applicable

% = SD p value
Scrambled siRNA 100 £ 0
siRNA 4 46 = 12 0.001
[0281]

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 25

<210> SEQ ID NO 1

<211> LENGTH: 3310

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<223> OTHER INFORMATION: chemokine (C-X3-C motif) ligand 1 (CX3CL1),
small inducible cytokine subfamily D (Cys-X3-Cys),

member 1, SCYD1l, fractalkine, neurotactin cDNA

<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (80)..(1273)

<223> OTHER INFORMATION: CX3CLl, fractalkine, neurotactin

<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (80)..(151)

<223> OTHER INFORMATION: signal peptide
<220> FEATURE:

<221> NAME/KEY: mat_peptide

<222> LOCATION: (152)..(1270)

<223> OTHER INFORMATION: mature peptide
<220> FEATURE:

<221> NAME/KEY: misc_feature
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—-continued
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<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION: glycosylation stalk

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION: transmembrane helix

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 1

ggcacgaggg
ctcttgecca
cttctgecat
cacgtgcagc
ccaggcatca
tgcecgaccceg
tgccctaact
cacccctgcece
aagcagtagc
cccagagctg
ggctcaggat
cgccacgtgg
gacctctgag
agccccagag
caggccagag
cttccaggac
agggaccccc
catccatgcce
ccaggctgcece
cctgggggty
agagatggcg
ggtgcccgtg
atccctceatce
gggggaggtyg
cagccttgac
ccccaaaact
caatgaacaa
tacagtcctc
ctgattgtgt

ctccecccagce

cactgagctc
ccctecageca
ctgactgtcce
aagatgacat
tgcggcaaac
aaggagcaat
cgaaatggcg
gccgggggaa
ctggagccga
ccgacgggcg
ggagggcctg
cagagttctg
gcccegtcca
gagaatgctc
aactctctgg
tgggggcctyg
agcagggagc
accatggacc
acccggaggc
gccatgttca
gagggccttce
tgaactccte
ctcataccca
ggatcctcca
cattctccac
ctcectetget
ttatttatta
ccatctcaca
ctcttggtcece

cccatcctcet

(152)..(379)

(380)..(1102)

(1103)..(1159)

(1160)..(1270)

tgcegectgg
tggctcegat
tgctggetgg
caaagatacc
gcgcaatcat
gggtcaagga
gcaccttcga
tggacgagtc
ctcettette
tgactggttce
tgggcacgga
ctccccacca
cccaggaccce
cgtctgaagg
agcgggagga
gcagcatgge
cagtggctte
cccagaggct
aggcggtggyg
cctaccagag
gctacatccce
tggcctgtgt
cccccaccca
ggtgcacaag
cttccaggga
gctggetggt
aatgcccagce
catgagcatc
tgctgcagtt

gtacagagcc

chemokine module,

ctctagccge
atctctgteg
acagcaccac
tgtagctttg
cttggagacg
cgcgatgcag
gaagcagatc
tgtggtecctg
ccaggaagca
ctcagggacc
gcttttccga
acctgggcce
ctccacccag
ccagcgtgtg
gatgggtccce
ccacgtctet
aggcagctgg
gggcgtcctt
gctgctggece
cctccaggge
ccggagetgt
ctagttgttt
agggcctgge
ctccaagctce
cagagggggt
tagaggttcce
cccttetgac
aggccaggcc
gccagtcacc

cacgcccccea

intracellular domain

ctgcctggece
tggctgctee
ggtgtgacga
ctcatccact
agacagcaca
catctggacc
ggcgaggtga
gagcccgaag
cagagggccc
aggctccccce
gtgcctcceceg
agcctctggg
gcctccactg
tggggtcagg
gtgccagege
gtggtccectg
acccctaagg
atcactcctg
ttecettggece
tgccctcgaa
ggtagtaatt
gattcagaca
ctgagctggyg
ccaggcattc
ggcctcccaa
ctttgacgece
ccatgctgece
ctctgcccac
ccggccacct

ctggtgacat

chemokine domain

cccgeccggga
gcttggccac
aatgcaacat
atcaacagaa
ggctgttctg
gccaggctge
agcccaggac
ccacaggcga
tggggacctce
cgacgccaaa
tctecactge
ctgaggcaaa
cgtcctececce
gacagagccc
acacggatgce
tctcectcaga
ctgaggaacc
tcecetgacge
tcectettetg
agatggcagg
catatgtcct
gctgectggyg
atgattggag
cccaggaggce
ctcaccccag
atcccagcecce
ctgtgagtac
tcecetgcaac
gcggtgctat

gtcttttett

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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gcatgaggct agtgtggtgt ttcctgggca ctgcttccag tgaggctctg cccttggtta 1860
ggsattgtgg gaaggggaga taagggtatc tggtgacttt cctctttggt ctacactgtg 1920
ctgagtctga aggctgggtt ctgatcctag ttccaccatc aagccaccaa catactccca 1980
tctgtgaaag gaaagaggga ggtaaggaat acctgtcccc ctgacaacac tcattgacct 2040
gaggccctte tctccagcce ctggatgcag cctcacagtce cttaccagca gagcacctta 2100
gacagtccct gccaatggac taacttgtct ttggaccctg aggcccagag ggcctgcarg 2160
ggagtgagtt gatagcacag accctgccct gtgggccccc aaatggaaat gggcagagca 2220
gagaccatcc ctgaaggccc cgcccaggct tagtcactga gacagcccgg gctctgette 2280
ccatcacccg ctaagaggga gggagggctc cagacacatg tccaagaagc ccaggaaagg 2340
ctccaggage agccacattc ctgatgectte ttcagagact cctgcaggca gccaggccac 2400
aagacccttg tggtcccacc ccacacacgce cagattcttt cctgaggcetg ggctccctte 2460
ccacctctct cactccttga aaacactgtt ctcotgcccte caagaccttce tccttcacct 2520
ttgtccccac cgcagacagg accaggggat ttccatgatg ttttccatga gtcccctgtt 2580
tgtttctgaa agggacgcta cccgggaagg gggctgggac atgggaaagg ggaagttgta 2640
ggcataaagt caggggttcc cttttttgge tgctgaagge tcgagcatgce ctggatgggg 2700
ctgcaccgge tggcctggece cctcagggtce cctggtggca gcoctcacctcect cccttggatt 2760
gtccccgace cttgeccgtet acctgagggg cctcttatgg getgggttet acccaggtge 2820
taggaacact ccttcacaga tgggtgcttg gaggaaggaa acccagctct ggtccataga 2880
gagcaaaacg ctgtgctgcc ctgcccaccce tggcctctge actcccctge tgggtgtgge 2940
gcagcatatt caggaagctc agggccctgg ctcaggtggg gtcactctgg cagctcagag 3000
agggtgggag tgggtccaat gcactttgtt ctggctctte caggectggga gagcctttca 3060
ggggtgggac accctgtgat ggggccctge ctcctttgtg aggaagccge tggggccagt 3120
tggtccccet tcocatggact ttgttagttt ctccaagcag gacatggaca aggatgatct 3180
aggaagactt tggaaagagt aggaagactt tggaaagact tttccaaccc tcatcaccaa 3240
cgtctgtgee attttgtatt ttactaataa aatttaaaag tcttgtgaaa aaaaaaaaaa 3300
aaaaaaaaaa 3310
<210> SEQ ID NO 2
<211> LENGTH: 397
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<223> OTHER INFORMATION: chemokine (C-X3-C motif) ligand 1 (CX3CL1l),

small inducible cytokine subfamily D (Cys-X3-Cys),

member 1, SCYD1l, fractalkine, neurotactin

<400> SEQUENCE: 2

Met Ala Pro Ile Ser Leu Ser Trp Leu Leu Arg Leu Ala Thr Phe Cys
1 5 10 15

His Leu Thr Val Leu Leu Ala Gly Gln His His Gly Val Thr Lys Cys
20 25 30

Asn Ile Thr Cys Ser Lys Met Thr Ser Lys Ile Pro Val Ala Leu Leu
35 40 45

Ile His Tyr Gln Gln Asn Gln Ala Ser Cys Gly Lys Arg Ala Ile Ile
50 55 60
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—-continued

Leu Glu Thr Arg Gln His Arg Leu Phe Cys Ala Asp Pro Lys Glu Gln

Trp Val Lys Asp Ala Met Gln His Leu Asp Arg Gln Ala Ala Ala Leu

Thr Arg Asn Gly Gly Thr Phe Glu Lys Gln Ile Gly Glu Val Lys Pro
100 105 110

Arg Thr Thr Pro Ala Ala Gly Gly Met Asp Glu Ser Val Val Leu Glu
115 120 125

Pro Glu Ala Thr Gly Glu Ser Ser Ser Leu Glu Pro Thr Pro Ser Ser
130 135 140

Gln Glu Ala Gln Arg Ala Leu Gly Thr Ser Pro Glu Leu Pro Thr Gly
145 150 155 160

Val Thr Gly Ser Ser Gly Thr Arg Leu Pro Pro Thr Pro Lys Ala Gln
165 170 175

Asp Gly Gly Pro Val Gly Thr Glu Leu Phe Arg Val Pro Pro Val Ser
180 185 190

Thr Ala Ala Thr Trp Gln Ser Ser Ala Pro His Gln Pro Gly Pro Ser
195 200 205

Leu Trp Ala Glu Ala Lys Thr Ser Glu Ala Pro Ser Thr Gln Asp Pro
210 215 220

Ser Thr Gln Ala Ser Thr Ala Ser Ser Pro Ala Pro Glu Glu Asn Ala
225 230 235 240

Pro Ser Glu Gly Gln Arg Val Trp Gly Gln Gly Gln Ser Pro Arg Pro
245 250 255

Glu Asn Ser Leu Glu Arg Glu Glu Met Gly Pro Val Pro Ala His Thr
260 265 270

Asp Ala Phe Gln Asp Trp Gly Pro Gly Ser Met Ala His Val Ser Val
275 280 285

Val Pro Val Ser Ser Glu Gly Thr Pro Ser Arg Glu Pro Val Ala Ser
290 295 300

Gly Ser Trp Thr Pro Lys Ala Glu Glu Pro Ile His Ala Thr Met Asp
305 310 315 320

Pro Gln Arg Leu Gly Val Leu Ile Thr Pro Val Pro Asp Ala Gln Ala
325 330 335

Ala Thr Arg Arg Gln Ala Val Gly Leu Leu Ala Phe Leu Gly Leu Leu
340 345 350

Phe Cys Leu Gly Val Ala Met Phe Thr Tyr Gln Ser Leu Gln Gly Cys
355 360 365

Pro Arg Lys Met Ala Gly Glu Met Ala Glu Gly Leu Arg Tyr Ile Pro
370 375 380

Arg Ser Cys Gly Ser Asn Ser Tyr Val Leu Val Pro Val
385 390 395

<210> SEQ ID NO 3

<211> LENGTH: 3155

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<223> OTHER INFORMATION: fractalkine/neurotactin, CX3C chemokine cDNA
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (77)..(1264)

<223> OTHER INFORMATION: fractalkine/neurotactin, CX3C chemokine
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—-continued

<400> SEQUENCE: 3

cgggaaacag ctatgaccca agcatacaat caactccaag ctcggaattt taattaagaa 60
ttcctgecact ccageccatgg ctccctegee getecgegtgg ctgectgegece tggeccgegtt 120
cttccatttg tgtactctge tgccgggtca gcacctcgge atgacgaaat gcgaaatcat 180
gtgcgacaag atgacctcac gaatcccagt ggctttgctc atccgctatc agctaaacca 240
ggagtcctge ggcaagcgtg ccattgtcct ggagacgaca cagcacagac gcttctgtge 300
tgacccgaag gagaaatggg tccaagacgc catgaagcat ctggatcacc aggctgctgce 360
cctcactaaa aatggtggca agtttgagaa gcgggtggac aatgtgacac ctgggatcac 420
cttggccact aggggactgt ccccatctge cctgacaaag cctgaatccg ccacattgga 480

agaccttgct ttggaactga ctactatttc ccaggaggcc agggggacca tggggacttce 540

ccaagagcca ccggcagcag tgaccggatc atctctctca acttccgagg cacaggatge 600
agggcttacg gctaagcctc agagcattgg aagttttgag gcggctgaca tctccaccac 660
cgtttggccg agtcctgetg tctaccaatc tggatctage tcectgggetg aggaaaaagce 720
tactgagtcc ccctccacta cagccccatc tcctcaggtg tccactactt caccttcaac 780
cccagaggaa aatgttgggt ccgaaggcca acccccatgg gtccagggac aggacctcag 840
tccagagaag tctctagggt ctgaggagat aaacccagtt catactgata atttccagga 900
gagggggcct ggcaacacag tccacccctc agtggctcce atctcctcetg aagagacccce 960

cagcccagag ctggtggcct cgggcagcca ggctcctaag atagaggaac ccatccatgce 1020
cactgcagat ccccagaaac tgagtgtgct tatcactcct gtccccgaca cccaggcagce 1080
cacaaggagg caggcagtgg ggctactggc tttccttggt cttcttttct gecctaggggt 1140
ggccatgttt gcttaccaga gccttcaggg ctgtccccege aaaatggcgg gggaaatggt 1200
agaaggcctce cgctacgtcce cccegtagetg tggcagtaac tcatacgtcce tggtgccagt 1260
gtgagctgcet tgcctgectg cctgtgtcca gagtgtgatt cggacagctg tctggggacce 1320
cccccccate ctcataccca ccttcatcca cgctggggaa atgggaatgg agaagctgga 1380
ccctecaggg getgtggget ccatccaatce ccccctccece cgaggggtgg ccccggagge 1440
caccctagac cactattcac ttatcagaga cagagcaggt gaccttccag ctcctctata 1500
tttgaaagaa tcctctgetg ctggetggtt agaggggcct tgacacccca actccagtga 1560
acaattattt attggattcc cagcccctge gacgacacct gtttcccecgeg cgcaccgtgg 1620
tccgeccata tcacaagcag caggccaggce ctatctgcct gtccccctga cctecttgtg 1680
tctcectgget ttgctgcagt cgccagccct tectcctccce ggccagetge ggtgctatet 1740
gccctatgte tccctctate cccotgtacag agecgcaccac catcaccatc aacaccgctg 1800
ttgtgtettt tecttgcatga ggttaaaget gtgttttcectg gagctctceceg ggaagggaga 1860
caagcttgcg agagggttta aagtgttcct ccccagactt ggatgtgcetg tgaaggcatg 1920
ctgcgtctga aggaagggtc cagtccccac tcggctacca gcaccacaaa gtgccccacc 1980
tgtaaaagga aagaaacgtg gtccagagct ggcaataacc tatggccctg acatcatcac 2040
tttctectgag atccttgtet ccaccecectgg gtgcaaccce accccttatc aacattaata 2100
gtcactgcca ttccactgga ctgacatttt tgtaccctgt gattctgagg gctggcaagg 2160

agtggcttga gagtgcagat cgtaccctgt atgccccccce ccaaatggag gcetgagttgg 2220
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ggacttgcag gaacagaggc caactcagat ggcttcccct gtgttctcac tagaaaccce 2280
tccececcatge accaaggtga cagtcacagg tctgccctgg ctaaaggaca agccacatag 2340
gaaagattag gacaagcccc tcggaggcag aggatccagg gtaaacccct ggagtggcca 2400
caaacccaat ttcagtgtag ggacttgtgc atgtgtgtac ttgcatagtc agacagaggc 2460
tgccagggtce ctttcetgte tctgagagca gtgttcacge caaggactca cctttgecccce 2520
cattgcaggc agggccagaa ctcccatagce attctccaag agccctgtga cattttcetgg 2580
aagggactct gccctgggcg caaagtgact gctgaagcaa ggagcagctg agcagcaccce 2640
cagcggagct gagccggcag gccacgcccc tcgggggggg gcatttctac ccaccctget 2700
ctgaatagct ccaacttcac cttaggagcc tcccaggggce gagcttcacc cagaagccag 2760
tgactcactc cttgattggt ggaagctcag ttggctcctg agagtgagga agccaaccct 2820
ttgtcgacce tcctceotggg aagectgtgg geggetctga tcatgetcca cagaaccagt 2880
tgtaggcctg agccgcagca gcoccgagtge actatatcet ggetcctteg gtggggaacce 2940
tttaagggtt gggacacccg tcatcggact ttgttggttc ctccctccca gagcagaatg 3000
tgggccgtaa caatctgagg aggactttga aagttgttga tcctttaggg ttttttttca 3060
agcatcatta ccaatgtctg tgccattttg tattttacta ataaaatttt aaagtcttgt 3120
gaattaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa 3155
<210> SEQ ID NO 4

<211> LENGTH: 395

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<220> FEATURE:

<223> OTHER INFORMATION: fractalkine/neurotactin, CX3C chemokine

<400> SEQUENCE: 4

Met Ala Pro Ser Pro Leu Ala Trp Leu Leu Arg Leu Ala Ala Phe Phe
1 5 10 15

His Leu Cys Thr Leu Leu Pro Gly Gln His Leu Gly Met Thr Lys Cys
20 25 30

Glu Ile Met Cys Asp Lys Met Thr Ser Arg Ile Pro Val Ala Leu Leu
35 40 45

Ile Arg Tyr Gln Leu Asn Gln Glu Ser Cys Gly Lys Arg Ala Ile Val
50 55 60

Leu Glu Thr Thr Gln His Arg Arg Phe Cys Ala Asp Pro Lys Glu Lys
Trp Val Gln Asp Ala Met Lys His Leu Asp His Gln Ala Ala Ala Leu
85 90 95

Thr Lys Asn Gly Gly Lys Phe Glu Lys Arg Val Asp Asn Val Thr Pro
100 105 110

Gly Ile Thr Leu Ala Thr Arg Gly Leu Ser Pro Ser Ala Leu Thr Lys
115 120 125

Pro Glu Ser Ala Thr Leu Glu Asp Leu Ala Leu Glu Leu Thr Thr Ile
130 135 140

Ser Gln Glu Ala Arg Gly Thr Met Gly Thr Ser Gln Glu Pro Pro Ala
145 150 155 160

Ala Val Thr Gly Ser Ser Leu Ser Thr Ser Glu Ala Gln Asp Ala Gly
165 170 175

Leu Thr Ala Lys Pro Gln Ser Ile Gly Ser Phe Glu Ala Ala Asp Ile
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180 185 190

Ser Thr Thr Val Trp Pro Ser Pro Ala Val Tyr Gln Ser Gly Ser Ser
195 200 205

Ser Trp Ala Glu Glu Lys Ala Thr Glu Ser Pro Ser Thr Thr Ala Pro
210 215 220

Ser Pro Gln Val Ser Thr Thr Ser Pro Ser Thr Pro Glu Glu Asn Val
225 230 235 240

Gly Ser Glu Gly Gln Pro Pro Trp Val Gln Gly Gln Asp Leu Ser Pro
245 250 255

Glu Lys Ser Leu Gly Ser Glu Glu Ile Asn Pro Val His Thr Asp Asn
260 265 270

Phe Gln Glu Arg Gly Pro Gly Asn Thr Val His Pro Ser Val Ala Pro
275 280 285

Ile Ser Ser Glu Glu Thr Pro Ser Pro Glu Leu Val Ala Ser Gly Ser
290 295 300

Gln Ala Pro Lys Ile Glu Glu Pro Ile His Ala Thr Ala Asp Pro Gln
305 310 315 320

Lys Leu Ser Val Leu Ile Thr Pro Val Pro Asp Thr Gln Ala Ala Thr
325 330 335

Arg Arg Gln Ala Val Gly Leu Leu Ala Phe Leu Gly Leu Leu Phe Cys
340 345 350

Leu Gly Val Ala Met Phe Ala Tyr Gln Ser Leu Gln Gly Cys Pro Arg
355 360 365

Lys Met Ala Gly Glu Met Val Glu Gly Leu Arg Tyr Val Pro Arg Ser
370 375 380

Cys Gly Ser Asn Ser Tyr Val Leu Val Pro Val
385 390 395

<210> SEQ ID NO 5

<211> LENGTH: 3044

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<223> OTHER INFORMATION: chemokine CX3C, fractalkine cDNA
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (21)..(1202)

<223> OTHER INFORMATION: chemokine CX3C, fractalkine

<400> SEQUENCE: 5

tgcactccag ccatccagecc atggctccct cacagctcge gtggectgetg cgcctggecg 60
cgttctttca tctgtgtact ctgctggcgg gtcagcacct cggcatgacg aaatgcaaca 120
tcacgtgcca caagatgacc tcgccaatcc cagtgacctt gctcatccac tatcaactga 180
accaggagtc ctgcggcaag cgcgccatca tcctggagac gagacagcac agacacttct 240
gtgctgaccc aaaggagaaa tgggtccaag acgccatgaa gcacctggac caccagaccg 300
ctgccctgac tagaaatggt ggcaagtttg agaagcgtgt ggacaatgtg acacctagga 360
tcacctcgge caccagggga ctgtccccaa ctgccctgge aaagcctgag tcagccacag 420
tggaagacct tactttggaa ccgactgcta tttcccagga ggcccgaagg cccatgggga 480
cttcccaaga gccaccagca gcagtgactg gatcgtctce ctcaacttcc aaagctcagg 540

atgcagggct tgccgccaag cctcagagca ctggaatttc tgaggtggct gctgtctcta 600

ccaccatttg gccgagttct gctgtctacc aatctggatc tagcctctgg gccgaggaaa 660
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aagctactga atccccccce actatagccc tatctactca agecgtccacc acttcaagcec 720
ccaagcagaa tgttgggtct gaaggccagc ccccatgggt ccaggagcag gactccactce 780
cagagaaatc tccagggcct gaggagacaa acccagttca tactgatatt ttccaagaca 840
gaggacctgg cagcacagtc catccctcag tggctcccac ctcctctgaa aagaccccca 900
gceceggaget ggtggecteg ggcagccagg ctcctaaggt agaggaaccce attcatgeca 960

ctgcagatcc ccagaaactg agtgtgttta tcactcctgt ccctgactcc caggcagcca 1020
ccecggaggca ggcagtgggg ttactggect ttettggtet actettetgt ctgggggtgg 1080
ccatgtttge ctaccagagc ctccagggct gtccccgcaa aatggcaggg gagatggtgg 1140
aaggcctccg ctacgtccce cgtagectgtg gcagtaactc gtacgtcctg gtgccggtgt 1200
gagctgectg cttgectgee tgtgtccaga gtgtgattca gacagctgtce tggggaccce 1260
catcctcata cccaccttca tccacgectgg gagaatggga atgcagaagc tagatcctce 1320
aggggccatg tgctccaacc cccgaggagt ggccctggag gccaccctag accattatte 1380
acttatcaga gacagacaga gcaggtggcc ttccagctcc cccatatttg aaagaatcct 1440
ctgctgetgg ctggttagag gggcccttga catcccaaac tctatgagca attatttatt 1500
ggattcccag ccccctgaga cacccgttte ccecgtgegeca ccgtggtcca cccatcttac 1560
aagcagcagc caggcctcte tgcctgtcce ctgacctect cgtgtctect ggetttgetg 1620
cagtcgccag ccctgtetee tcccecggeca getgeggtge tatctatccce ggtcetctete 1680
tctecgtgtac agagccatca ccaccatcac caccaacaac tcgttctgte tttgcttgeca 1740
tgaggttaat gctgtgtttt ctggagctct ctgggacggg agatgagctt ctgtgagggt 1800
ttaaagtgtt cctccccaga ctttgatgtg ccgtgaagca tgctgectet gaaggaagge 1860
tctggteccece actcegetge cagcacaaca aagtgcccca cctgtaaagg aaaagagact 1920
cggcccagag ctggcaaaaa cccatggccce tgacatcatc actttctcetg agatctttgt 1980
ccccatcecct ggatgccacce ccccccccee agcccttatce aacatgaata gtcactgceca 2040
ttccactgga ctgacacttt tgtatgectgt gattctgagg gectggcaagg gatgacttga 2100
gagtgcagat cctacccatg ggcccccaaa tggaggctga gctggggacc tgcaggaaga 2160
gaggccaact cagaaggctc cgctgtgttc tcactggcac ccctcccetg tgcaccaagg 2220
tgacagtcac aggtctgccc tgcctgaaga acaagccaca gaaggaagat tatgacaagt 2280
ccctgggagg ccaaggatcc agggcaaacc ctggagtggce cacacaccca atttcagett 2340
agggacttgt gcatgtgtgt acttgcacag cccagatcat tcagaagctg ccaggatcct 2400
ttcctacatce tgagagcgca gttcctgeca aggtctcacce ttecgecctcac ttcaggcagg 2460
gcagaactcc cataacattc tccaagagcc ctgtgacgtg ttctggaagg gactctgcce 2520
tgggcacaaa gtgtctactg aagcagagag cagcgcccca gccccagccc cagcgcccca 2580
gcgggagctg taccggcaga ccacgccctg ggggggaggg ccctccgtgg cagetttecg 2640
ctctgaatag ctccaaccgt cacctttgga gcctcccagg ggcgggcttce acccagccag 2700
tgactcactc cttgataggt ggaagctcag aacaggtggt ctcgtcccag agtgaggaag 2760
ccagcccctt ggcgacccte ctcttgggaa gecttgtggga ggctctggtce tggctccaga 2820
gtactagttg taggcctgag gagcagcagc ccgagtgcac tatatcctgg ttctteggtg 2880

gggagccttc aagggttggg acacccatgg ttggactttg ttggttcccg cgecctegtgg 2940
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gccaaaacaa tctgaggagg actttggaag gagttggttt ttcaagcatc attaccaatg 3000
tctgtgecat tttgtatttt actaataaaa ttttaaagtc ttgt 3044
<210> SEQ ID NO 6

<211> LENGTH: 393

<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<223> OTHER INFORMATION: chemokine CX3C, fractalkine

<400> SEQUENCE: 6

Met Ala Pro Ser Gln Leu Ala Trp Leu Leu Arg Leu Ala Ala Phe Phe
1 5 10 15

His Leu Cys Thr Leu Leu Ala Gly Gln His Leu Gly Met Thr Lys Cys
20 25 30

Asn Ile Thr Cys His Lys Met Thr Ser Pro Ile Pro Val Thr Leu Leu
35 40 45

Ile His Tyr Gln Leu Asn Gln Glu Ser Cys Gly Lys Arg Ala Ile Ile
50 55 60

Leu Glu Thr Arg Gln His Arg His Phe Cys Ala Asp Pro Lys Glu Lys
Trp Val Gln Asp Ala Met Lys His Leu Asp His Gln Thr Ala Ala Leu
85 90 95

Thr Arg Asn Gly Gly Lys Phe Glu Lys Arg Val Asp Asn Val Thr Pro
100 105 110

Arg Ile Thr Ser Ala Thr Arg Gly Leu Ser Pro Thr Ala Leu Ala Lys
115 120 125

Pro Glu Ser Ala Thr Val Glu Asp Leu Thr Leu Glu Pro Thr Ala Ile
130 135 140

Ser Gln Glu Ala Arg Arg Pro Met Gly Thr Ser Gln Glu Pro Pro Ala
145 150 155 160

Ala Val Thr Gly Ser Ser Pro Ser Thr Ser Lys Ala Gln Asp Ala Gly
165 170 175

Leu Ala Ala Lys Pro Gln Ser Thr Gly Ile Ser Glu Val Ala Ala Val
180 185 190

Ser Thr Thr Ile Trp Pro Ser Ser Ala Val Tyr Gln Ser Gly Ser Ser
195 200 205

Leu Trp Ala Glu Glu Lys Ala Thr Glu Ser Pro Pro Thr Ile Ala Leu
210 215 220

Ser Thr Gln Ala Ser Thr Thr Ser Ser Pro Lys Gln Asn Val Gly Ser
225 230 235 240

Glu Gly Gln Pro Pro Trp Val Gln Glu Gln Asp Ser Thr Pro Glu Lys
245 250 255

Ser Pro Gly Pro Glu Glu Thr Asn Pro Val His Thr Asp Ile Phe Gln
260 265 270

Asp Arg Gly Pro Gly Ser Thr Val His Pro Ser Val Ala Pro Thr Ser
275 280 285

Ser Glu Lys Thr Pro Ser Pro Glu Leu Val Ala Ser Gly Ser Gln Ala
290 295 300

Pro Lys Val Glu Glu Pro Ile His Ala Thr Ala Asp Pro Gln Lys Leu
305 310 315 320

Ser Val Phe Ile Thr Pro Val Pro Asp Ser Gln Ala Ala Thr Arg Arg
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325 330 335

Gln Ala Val Gly Leu Leu Ala Phe Leu Gly Leu Leu Phe Cys Leu Gly
340 345 350

Val Ala Met Phe Ala Tyr Gln Ser Leu Gln Gly Cys Pro Arg Lys Met
355 360 365

Ala Gly Glu Met Val Glu Gly Leu Arg Tyr Val Pro Arg Ser Cys Gly
370 375 380

Ser Asn Ser Tyr Val Leu Val Pro Val
385 390

<210> SEQ ID NO 7

<211> LENGTH: 3100

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<223> OTHER INFORMATION: chemokine (C-X3-C) receptor 1 (CX3CR1l), G
protein-coupled receptor V28 cDNA

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (88)..(1155)

<223> OTHER INFORMATION: CX3CR1

<400> SEQUENCE: 7

actcgtctet ggtaaagtct gagcaggaca gggtggctga ctggcagatc cagaggttce 60
cttggcagtc cacgccaggce cttcaccatg gatcagttcc ctgaatcagt gacagaaaac 120
tttgagtacg atgatttggc tgaggcctgt tatattgggg acatcgtggt ctttgggact 180

gtgttcctgt ccatattcta ctcecgtcatce tttgccattg gecctggtggg aaatttgttg 240

gtagtgtttg ccctcaccaa cagcaagaag cccaagagtg tcaccgacat ttacctcctg 300
aacctggcct tgtctgatct gectgtttgta gccactttge ccttetggac tcactatttg 360
ataaatgaaa agggcctcca caatgccatg tgcaaattca ctaccgcctt cttcecttcatce 420
ggcttttttg gaagcatatt cttcatcacc gtcatcagca ttgataggta cctggccatc 480
gtcctggececg ccaactccat gaacaaccgg accgtgcagce atggcgtcac catcagecta 540
ggcgtctggg cagcagccat tttggtggca gcaccccagt tcatgttcac aaagcagaaa 600
gaaaatgaat gccttggtga ctaccccgag gtcctccagg aaatctggec cgtgctccge 660
aatgtggaaa caaattttct tggcttccta ctccccctge tcattatgag ttattgectac 720
ttcagaatca tccagacgct gttttcctge aagaaccaca agaaagccaa agccattaaa 780
ctgatcctte tggtggtcat cgtgtttttc ctcttcectgga caccctacaa cgttatgatt 840

ttcctggaga cgcttaaget ctatgacttce tttcccagtt gtgacatgag gaaggatctg 900
aggctggccce tcagtgtgac tgagacggtt gcatttagece attgttgecct gaatcctcte 960
atctatgcat ttgctgggga gaagttcaga agataccttt accacctgta tgggaaatgce 1020
ctggctgtece tgtgtgggeg ctcagtccac gttgatttcect cctcatctga atcacaaagg 1080
agcaggcatg gaagtgttct gagcagcaat tttacttacc acacgagtga tggagatgca 1140
ttgctcctte tctgaaggga atcccaaage cttgtgtcta cagagaacct ggagttcctg 1200
aacctgatgc tgactagtga ggaaagattt ttgttgttat ttcttacagg cacaaaatga 1260
tggacccaat gcacacaaaa caaccctaga gtgttgttga gaattgtgct caaaatttga 1320
agaatgaaca aattgaactc tttgaatgac aaagagtaga catttctctt actgcaaatg 1380

tcatcagaac tttttggttt gcagatgaca aaaattcaac tcagactagt ttagttaaat 1440
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gagggtggtg aatattgttc atattgtggc acaagcaaaa gggtgtctga gccctcaaag 1500
tgaggggaaa ccagggcctg agccaagcta gaattccctce tctctgactc tcaaatcttt 1560
tagtcattat agatccccca gactttacat gacacagctt tatcaccaga gagggactga 1620
cacccatgtt tctctggcce caagggaaaa ttcccaggga agtgctctga taggccaagt 1680
ttgtatcagg tgcccatccc tggaaggtgc tgttatccat ggggaaggga tatataagat 1740
ggaagcttcc agtccaatct catggagaag cagaaataca tatttccaag aagttggatg 1800
ggtgggtact attctgatta cacaaaacaa atgccacaca tcacccttac catgtgcctg 1860
atccagcctc tcccctgatt acaccagcct cgtcttcatt aagccctctt ccatcatgtce 1920
cccaaacctg caagggctcc ccactgccta ctgcatcgag tcaaaactca aatgcttgge 1980
ttctcatacg tccaccatgg ggtcctacca atagattccce cattgectce tcctteccaa 2040
aggactccac ccatcctatc agcctgtcte ttccatatga cctcatgcat ctccacctge 2100
tcccaggcca gtaagggaaa tagaaaaacc ctgcccccaa ataagaaggg atggattcca 2160
accccaactc cagtagcttg ggacaaatca agcttcagtt tcctggtctg tagaagaggg 2220
ataaggtacc tttcacatag agatcatcct ttccagcatg aggaactagc caccaactct 2280
tgcaggtctc aacccttttg tctgcctett agacttctge tttccacacc tgcactgcetg 2340
tgctgtgcce aagttgtggt gctgacaaag cttggaagag cctgcaggtg ccttggccge 2400
gtgcatagcc cagacacaga agaggctggt tcttacgatg gcacccagtg agcactccca 2460
agtctacaga gtgatagcct tccgtaaccc aactctcctg gactgccttg aatatcccct 2520
cccagtcacc ttgtgcaagc ccctgcccat ctgggaaaat accccatcat tcatgctact 2580
gccaacctgg ggagccaggg ctatgggage agcettttttt tcccccctag aaacgtttgg 2640
aacaatgtaa aactttaaag ctcgaaaaca attgtaataa tgctaaagaa aaagtcatcc 2700
aatctaacca catcaatatt gtcattcctg tattcacccg tccagacctt gttcacacte 2760
tcacatgttt agagttgcaa tcgtaatgta cagatggttt tataatctga tttgttttcc 2820
tcttaacgtt agaccacaaa tagtgctcge tttctatgta gtttggtaat tatcatttta 2880
gaagactcta ccagactgtg tattcattga agtcagatgt ggtaactgtt aaattgctgt 2940
gtatctgata gctctttgge agtctatatg tttgtataat gaatgagaga ataagtcatg 3000
ttccttcaag atcatgtacc ccaatttact tgccattact caattgataa acatttaact 3060
tgtttccaat gtttagcaaa tacatatttt atagaacttc 3100
<210> SEQ ID NO 8
<211> LENGTH: 355
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<223> OTHER INFORMATION: chemokine (C-X3-C) receptor 1 (CX3CR1l), G
protein-coupled receptor V28
<400> SEQUENCE: 8

Met Asp Gln Phe Pro Glu Ser Val Thr Glu Asn Phe Glu Tyr Asp Asp
1 5 10 15

Leu Ala Glu Ala Cys Tyr Ile Gly Asp Ile Val Val Phe Gly Thr Val
20 25 30

Phe Leu Ser Ile Phe Tyr Ser Val Ile Phe Ala Ile Gly Leu Val Gly
35 40 45
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Asn Leu Leu Val Val Phe Ala Leu Thr Asn Ser Lys Lys Pro Lys Ser
50 55 60

Val Thr Asp Ile Tyr Leu Leu Asn Leu Ala Leu Ser Asp Leu Leu Phe
65 70 75 80

Val Ala Thr Leu Pro Phe Trp Thr His Tyr Leu Ile Asn Glu Lys Gly
85 90 95

Leu His Asn Ala Met Cys Lys Phe Thr Thr Ala Phe Phe Phe Ile Gly
100 105 110

Phe Phe Gly Ser Ile Phe Phe Ile Thr Val Ile Ser Ile Asp Arg Tyr
115 120 125

Leu Ala Ile Val Leu Ala Ala Asn Ser Met Asn Asn Arg Thr Val Gln
130 135 140

His Gly Val Thr Ile Ser Leu Gly Val Trp Ala Ala Ala Ile Leu Val
145 150 155 160

Ala Ala Pro Gln Phe Met Phe Thr Lys Gln Lys Glu Asn Glu Cys Leu
165 170 175

Gly Asp Tyr Pro Glu Val Leu Gln Glu Ile Trp Pro Val Leu Arg Asn
180 185 190

Val Glu Thr Asn Phe Leu Gly Phe Leu Leu Pro Leu Leu Ile Met Ser
195 200 205

Tyr Cys Tyr Phe Arg Ile Ile Gln Thr Leu Phe Ser Cys Lys Asn His
210 215 220

Lys Lys Ala Lys Ala Ile Lys Leu Ile Leu Leu Val Val Ile Val Phe
225 230 235 240

Phe Leu Phe Trp Thr Pro Tyr Asn Val Met Ile Phe Leu Glu Thr Leu
245 250 255

Lys Leu Tyr Asp Phe Phe Pro Ser Cys Asp Met Arg Lys Asp Leu Arg
260 265 270

Leu Ala Leu Ser Val Thr Glu Thr Val Ala Phe Ser His Cys Cys Leu
275 280 285

Asn Pro Leu Ile Tyr Ala Phe Ala Gly Glu Lys Phe Arg Arg Tyr Leu
290 295 300

Tyr His Leu Tyr Gly Lys Cys Leu Ala Val Leu Cys Gly Arg Ser Val
305 310 315 320

His Val Asp Phe Ser Ser Ser Glu Ser Gln Arg Ser Arg His Gly Ser
325 330 335

Val Leu Ser Ser Asn Phe Thr Tyr His Thr Ser Asp Gly Asp Ala Leu
340 345 350

Leu Leu Leu
355

<210> SEQ ID NO 9

<211> LENGTH: 2813

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<220> FEATURE:

<223> OTHER INFORMATION: chemokine receptor CX3CR1
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (220)..(1284)

<223> OTHER INFORMATION: CX3CR1

<400> SEQUENCE: 9

aattgttcac cctttcagtg ttttctccecg cttgctgcat gcagccagtg agaaccgcga 60
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tcctctaaga ctcacgtgat ctggtttgect gcatacagcc agtgagaact gcgatcctct 120
aagactcacg tggacctgct tactgcatgc agccagtgag aactacaatc ctttaaggcet 180
cacgtgatct ggtttctcct tcccectccag gacctcacca tgtccaccte cttcecctgaa 240
ctggatctag agaattttga gtatgacgat tctgctgagg cctgttattt gggcgacatt 300
gtggcctttg gaaccatctt cctgtccegte ttctacgccc tegtcttcac gtteggtetg 360
gtgggaaatc tgttggtggt cctcgctctc accaacagcc ggaagcccaa gagcatcact 420
gacatctacc tcctgaacct ggccttgage gacctgectct ttgtggccac cttgccctte 480
tggactcact acctcatcag ccatgagggc ctccacaatg ccatgtgcaa gctcacgact 540
gccttettet tcattggett ctttggggge atattcttca tcaccgtcat cagcatcgac 600
cggtaccttg ccatcgtcct ggccgccaac tccatgaaca accggacagt gcagcacggt 660

gtcaccatta gtctgggcgt ctgggcggeg geccatcttag tggcgtcacc ccagttcatg 720

ttcacaaaga gaaaggacaa cgagtgtctg ggtgactacc ccgaggtcct gcaggaaatg 780
tggcccgtge tccgcaactc ggaagtcaac atcctggget tcgccctgece cttgecttatce 840
atgagctttt gctacttccg catcatccag acgctgtttt cctgcaagaa tcgcaagaag 900
gccagagccg tcagactcat cctecctggtg gtctttgect tcttcctett ctggacacca 960

tacaacatca tgattttcct ggagactctc aagttctaca acttcttccc cagttgtgac 1020
atgaagaggg acctgaggtt ggccctcagt gtgacggaga cagtggcgtt cagccactgt 1080
tgcctcaacc cctttatcta cgcctttgec ggggaaaagt tcagaagata cctgggacac 1140
ctgtatagga agtgcctgge cgtcctgtge ggtcatcctg tccacaccgg cttctcgeca 1200
gagtcccaga ggagcaggca ggacagcatt ctgagcagtt tcactcacta cacaagcgag 1260
ggagatgggt ctctcctget ctgaaggggt ctccccgacce ctagetccac taggaaccca 1320
gagttcttge atcagatttc cctgccgecte cccctgecate ttatgtgcaa gaaatatgga 1380
ccagatgcct gcaaaccaac cccgtggtgt ttttttgaaa aatttatgtt caatgtgtga 1440
aaaacacacg tatctcttac tgcaaatgtt gaacattggg gcttactggt gacaaaaatt 1500
ctaaccagat tagtgcaatt acaaaggggt ttggtgagtc ctggttgcat gatcatgtga 1560
taaaggacaa ctaagtcctc agactgagtg gaaaccaagg cttggctcca atgtcccctce 1620
tctgacctte agatccttca tagtgacaga tcattccagg ttctatcatc agagaaggac 1680
cacatctctc tgatttcaaa attggtattc ctagggaaca cctccgttgg ccgagtgtgt 1740
cgggtgtcca ttccttgact aggtggtgtt attgaaatag aagggatacc taagatgctg 1800
ttggaatctc aaggttagcg gttgagagag acacatctct cagaagctgg ggggtgggag 1860
ctactctgac agcaagaact gctgactcge cttaccatgg agctcattca ggctcccctt 1920
cagtaactag cagtatctgt tgctagcttc tttaatcttc tgttgagaat gtcctgaact 1980
ctccaagggt tagaatttgg gttactgctc acagcatcaa attcaatccc aaggccctgt 2040
cctccaagac caggaagata ggatgcagtt ctaacaagag actccacgct gactcctcat 2100
tccacaggac tccgtccacc cagttggcca tgtccctttt tettgtettg acccacatcce 2160
ctccactectt ctcagcccag gggaagaaat agaaagagcc atgccccaga gtgaagggat 2220
cgattcatat cccaactctg ttgcttgcac attggggaga ctggagccaa cagagcttca 2280

gtcccttcaa tatagaaagg ggactgtggt geccttcatcc attctagcat agtacctcag 2340
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caaggacttt agcattccct ggatcaggaa ctgttaccct gcctcectgaga aatggagctg 2400
gtggagtggg aggaacctgc aggttgctgc aggacacagc cagacaagag gagacctatt 2460
cttacagcat cccccaacat gtgcctagat ctacaaagcce attcccatgt ccccgetgte 2520
agggcaagac ccaggccacg agagcagctt gctttctcce ctgaccctge aagcatcacg 2580
taggatgtag ccacaagaat gtcttcatgc attcactgac tccggtctca tttgcagget 2640
tacattgaaa gttccagttc tgcaacttgc tttttaaaaa acactggatt tcaggggctg 2700
gagagatggc tcagtggtta agagcacagt ctgctcctac agaggtccca agttcaattc 2760
ccatgtcatg tctgaagaca aggacagtgt agtccaaaaa aaaactggaa ttc 2813
<210> SEQ ID NO 10

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<220> FEATURE:

<223> OTHER INFORMATION: chemokine receptor CX3CR1

<400> SEQUENCE: 10

Met Ser Thr Ser Phe Pro Glu Leu Asp Leu Glu Asn Phe Glu Tyr Asp
1 5 10 15

Asp Ser Ala Glu Ala Cys Tyr Leu Gly Asp Ile Val Ala Phe Gly Thr
20 25 30

Ile Phe Leu Ser Val Phe Tyr Ala Leu Val Phe Thr Phe Gly Leu Val
35 40 45

Gly Asn Leu Leu Val Val Leu Ala Leu Thr Asn Ser Arg Lys Pro Lys
50 55 60

Ser Ile Thr Asp Ile Tyr Leu Leu Asn Leu Ala Leu Ser Asp Leu Leu
Phe Val Ala Thr Leu Pro Phe Trp Thr His Tyr Leu Ile Ser His Glu
Gly Leu His Asn Ala Met Cys Lys Leu Thr Thr Ala Phe Phe Phe Ile

100 105 110

Gly Phe Phe Gly Gly Ile Phe Phe Ile Thr Val Ile Ser Ile Asp Arg
115 120 125

Tyr Leu Ala Ile Val Leu Ala Ala Asn Ser Met Asn Asn Arg Thr Val
130 135 140

Gln His Gly Val Thr Ile Ser Leu Gly Val Trp Ala Ala Ala Ile Leu
145 150 155 160

Val Ala Ser Pro Gln Phe Met Phe Thr Lys Arg Lys Asp Asn Glu Cys
165 170 175

Leu Gly Asp Tyr Pro Glu Val Leu Gln Glu Met Trp Pro Val Leu Arg
180 185 190

Asn Ser Glu Val Asn Ile Leu Gly Phe Ala Leu Pro Leu Leu Ile Met
195 200 205

Ser Phe Cys Tyr Phe Arg Ile Ile Gln Thr Leu Phe Ser Cys Lys Asn
210 215 220

Arg Lys Lys Ala Arg Ala Val Arg Leu Ile Leu Leu Val Val Phe Ala
225 230 235 240

Phe Phe Leu Phe Trp Thr Pro Tyr Asn Ile Met Ile Phe Leu Glu Thr
245 250 255

Leu Lys Phe Tyr Asn Phe Phe Pro Ser Cys Asp Met Lys Arg Asp Leu
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260 265 270

Arg Leu Ala Leu Ser Val Thr Glu Thr Val Ala Phe Ser His Cys Cys
275 280 285

Leu Asn Pro Phe Ile Tyr Ala Phe Ala Gly Glu Lys Phe Arg Arg Tyr
290 295 300

Leu Gly His Leu Tyr Arg Lys Cys Leu Ala Val Leu Cys Gly His Pro
305 310 315 320

Val His Thr Gly Phe Ser Pro Glu Ser Gln Arg Ser Arg Gln Asp Ser
325 330 335

Ile Leu Ser Ser Phe Thr His Tyr Thr Ser Glu Gly Asp Gly Ser Leu
340 345 350

Leu Leu

<210> SEQ ID NO 11

<211> LENGTH: 1318

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<223> OTHER INFORMATION: putative G-protein coupled receptor (GCR) cDNA
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (68)..(1132)

<223> OTHER INFORMATION: putative G-protein coupled receptor (GCR)

<400> SEQUENCE: 11

gtgggactgg gtgagtggct ggcacttcct gcagaagtcc ccgtccccag ctgctcagga 60
cctcaccatg cctacctcect tcccggaatt ggatctagag aactttgagt atgatgactce 120
tgctgaggcce tgttatttgg gtgacatcgt ggecctttggg accatcttcce tatctatttt 180

ctactccctt gtcettcacgt teggtcectggt ggggaatctg ttggtggtcce tegccctcac 240

caacagccgg aagtccaaga gcatcactga catctacctc ctgaacctgg ccttgagcga 300
cctgetettt gtggccactt tgccecttectg gactcactac ctcatcagecc atgagggcct 360
ccacaacgcc atgtgcaagc tcacgactgc tttcttettce attggcttet ttgggggcat 420
attcttcatc accgtcatca gcatcgaccg gtacctcecgece atcgtcctgg ccgccaacte 480
catgaacaac cggacagtgc aacacggcgt caccatcagt ctgggcgtct gggcggcgge 540
catcttagtg gcgtcgeccece agttcatgtt cacaaagaga aaggacaacg aatgtttggg 600
tgattacccc gaggtcctgc aggaaatctg gcccgtgctce cgcaactcgg aggtcaacat 660
cctgggette gtcctgeccct tgcttatcat gagettttge tacttccgca tcgtccggac 720

gctgttttce tgcaagaacc ggaagaaggc cagagccatt aggctcatcc tcttggtggt 780
tgttgtette ttcctettet ggacgectta caacatcgtg attttecctgg agactctcaa 840
attctacaac ttcttceccta gttgtggcat gaagagggac ctgaggtggg cccttagtgt 900
gacggagaca gtggcgttta gccactgctg cctcaacccce tttatctacg ctttecgectgg 960
ggaaaagttc agaaggtacc tgagacacct gtacaacaag tgcctggccg tcctgtgcegg 1020
tcgtecetgte cacgecegget tetcaacaga gtcccagagg agcaggcagg acagcattet 1080
gagcagcttg actcactaca caagcgaggg agagggatct ctcctgctct gaagggtcte 1140
cccgaccccg actctactaa gaacccagag ttcctgcatc tgactctgtg taatgaaaac 1200
agattcacac acacacacac acacacacac acacacacac acacacacac cccgctcctc 1260

ctgcatttta tgtgcaagaa atacggacca ggtacctgca aatcaatcca cagtgttt 1318
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<210> SEQ ID NO 12

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<223> OTHER INFORMATION: putative G-protein coupled receptor (GCR)

<400> SEQUENCE: 12

Met Pro Thr Ser Phe Pro Glu Leu Asp Leu Glu Asn Phe Glu Tyr Asp
1 5 10 15

Asp Ser Ala Glu Ala Cys Tyr Leu Gly Asp Ile Val Ala Phe Gly Thr
20 25 30

Ile Phe Leu Ser Ile Phe Tyr Ser Leu Val Phe Thr Phe Gly Leu Val
35 40 45

Gly Asn Leu Leu Val Val Leu Ala Leu Thr Asn Ser Arg Lys Ser Lys
Ser Ile Thr Asp Ile Tyr Leu Leu Asn Leu Ala Leu Ser Asp Leu Leu
Phe Val Ala Thr Leu Pro Phe Trp Thr His Tyr Leu Ile Ser His Glu

85 90 95

Gly Leu His Asn Ala Met Cys Lys Leu Thr Thr Ala Phe Phe Phe Ile
100 105 110

Gly Phe Phe Gly Gly Ile Phe Phe Ile Thr Val Ile Ser Ile Asp Arg
115 120 125

Tyr Leu Ala Ile Val Leu Ala Ala Asn Ser Met Asn Asn Arg Thr Val
130 135 140

Gln His Gly Val Thr Ile Ser Leu Gly Val Trp Ala Ala Ala Ile Leu
145 150 155 160

Val Ala Ser Pro Gln Phe Met Phe Thr Lys Arg Lys Asp Asn Glu Cys
165 170 175

Leu Gly Asp Tyr Pro Glu Val Leu Gln Glu Ile Trp Pro Val Leu Arg
180 185 190

Asn Ser Glu Val Asn Ile Leu Gly Phe Val Leu Pro Leu Leu Ile Met
195 200 205

Ser Phe Cys Tyr Phe Arg Ile Val Arg Thr Leu Phe Ser Cys Lys Asn
210 215 220

Arg Lys Lys Ala Arg Ala Ile Arg Leu Ile Leu Leu Val Val Val Val
225 230 235 240

Phe Phe Leu Phe Trp Thr Pro Tyr Asn Ile Val Ile Phe Leu Glu Thr
245 250 255

Leu Lys Phe Tyr Asn Phe Phe Pro Ser Cys Gly Met Lys Arg Asp Leu
260 265 270

Arg Trp Ala Leu Ser Val Thr Glu Thr Val Ala Phe Ser His Cys Cys
275 280 285

Leu Asn Pro Phe Ile Tyr Ala Phe Ala Gly Glu Lys Phe Arg Arg Tyr
290 295 300

Leu Arg His Leu Tyr Asn Lys Cys Leu Ala Val Leu Cys Gly Arg Pro
305 310 315 320

Val His Ala Gly Phe Ser Thr Glu Ser Gln Arg Ser Arg Gln Asp Ser
325 330 335

Ile Leu Ser Ser Leu Thr His Tyr Thr Ser Glu Gly Glu Gly Ser Leu
340 345 350
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Leu Leu

<210> SEQ ID NO 13
<211> LENGTH: 76
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of

fractalkine chemokine domain

<400> SEQUENCE: 13

Gln His His Gly Val Thr Lys Cys

1 5

Ser Lys Ile Pro Val Ala Leu Leu

20

Ser Cys Gly Lys Arg Ala Ile Ile

35

Phe Cys Ala Asp Pro Lys Glu Gln

50

Leu Asp Arg Gln Ala Ala Ala Leu

65

<210> SEQ ID NO 14
<211> LENGTH: 228
<212> TYPE: DNA

70

Asn Ile Thr
10

Ile His Tyr
25

Leu Glu Thr

Trp Val Lys

Thr Arg Asn
75

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

Artificial Sequence:human

Cys Ser Lys Met Thr
15

Gln Gln Asn Gln Ala
30

Arg Gln His Arg Leu

Asp Ala Met Gln His
60

Gly

<223> OTHER INFORMATION: Description of Artificial Sequence:human
fractalkine chemokine domain

<400> SEQUENCE: 14
cagcaccacg gtgtgacgaa
gtagctttgce tcatccacta
ttggagacga gacagcacag
gcgatgcagce atctggaccg
<210> SEQ ID NO 15

<211> LENGTH: 200
<212> TYPE: PRT

atgcaacatc
tcaacagaac
gctgttctgt

ccaggctgcet

acgtgcagca
caggcatcat
gccgacccga

gccctaacte

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

agatgacatc aaagatacct
gcggcaaacg cgcaatcatc
aggagcaatg ggtcaaggac

gaaatggc

<223> OTHER INFORMATION: Description of Artificial Sequence:poly-Gly

flexible linker
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(200)

<223> OTHER INFORMATION: Gly residues from position 6 to 200 may be
present or absent

<400> SEQUENCE: 15

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5

10

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly

20

25

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
35 40

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly

50

55

Gly Gly Gly Gly Gly
15

Gly Gly Gly Gly Gly
30

Gly Gly Gly Gly Gly
45

Gly Gly Gly Gly Gly
60

60

120

180

228
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Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
65 70 75 80

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
85 90 95

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
100 105 110

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
115 120 125

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
130 135 140

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
145 150 155 160

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
165 170 175

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
180 185 190

Gly Gly Gly Gly Gly Gly Gly Gly
195 200

<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:CX3CR1 6-fam
Tagman probe

<400> SEQUENCE: 16

aatgcctgge tgtcctgtgt ggg 23

<210> SEQ ID NO 17

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:CX3CR1
forward PCR primer

<400> SEQUENCE: 17

cagaagatac ctttaccacc tgtatgg 27

<210> SEQ ID NO 18

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:CX3CR1
reverse PCR primer

<400> SEQUENCE: 18

gaggagaaat caacgtggac tga 23

<210> SEQ ID NO 19

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:Fractalkine
6-fam Tagman probe

<400> SEQUENCE: 19
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caaacgcgca atcatcttgg agacg 25

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:Fractalkine
forward PCR primer

<400> SEQUENCE: 20

tcaacagaac caggcatcat g 21

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:Fractalkine
reverse PCR primer

<400> SEQUENCE: 21

cgggtcggca cagaacag 18

<210> SEQ ID NO 22

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:CX3CR1
forward PCR primer

<400> SEQUENCE: 22

agaagggata cctaagatgc tgttg 25

<210> SEQ ID NO 23

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:CX3CR1
reverse PCR primer

<400> SEQUENCE: 23

ccacccccca gettetg 17

<210> SEQ ID NO 24

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:Neurotactin
forward PCR primer
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<400> SEQUENCE: 24

ccaactccag tgaacaatta tttattg

<210> SEQ ID NO 25

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

27

<223> OTHER INFORMATION: Description of Artificial Sequence:Neurotactin

reverse PCR primer

<400> SEQUENCE: 25

gcgcegeggga aacag

15

What is claimed is:
1. A method of identifying an agent for treating a diabetic
or prediabetic patient, the method comprising the steps of:

(i) contacting a solution comprising an CX3CR1 polypep-
tide or ligand-binding fragment thereof with the agent,
wherein the CX3CR1 polypeptide or ligand-binding
fragment thereof is encoded by a nucleic acid that
hybridizes under stringent conditions to a nucleic acid
encoding a polypeptide having an amino acid sequence
selected from the group consisting of SEQ ID NO:8,
SEQ ID NO:10 and SEQ ID NO:12; and

(ii) selecting an agent that increases the expression or
activity of the CX3CR1 polypeptide or ligand-binding
fragment thereof, thereby identifying an agent for treat-
ing a diabetic or prediabetic patient.

2. The method of claim 1, the method further comprising

selecting an agent that modulates insulin sensitivity.

3. The method of claim 1, wherein step (ii) comprises
selecting an agent that increases expression of the CX3CR1
polypeptide.

4. The method of claim 1, wherein step (ii) comprises
selecting an agent that increases the activity of the CX3CR1
polypeptide.

5. The method of claim 1, comprising contacting a cell
expressing a CX3CR1 polypeptide or ligand-binding frag-
ment thereof.

6. The method of claim 5, comprising detecting AKT/
PKB phosphorylation.

7. The method of claim 6, wherein the cell is not treated
with insulin.

8. The method of claim 6, wherein the cell is treated with
insulin.

9. The method of claim 5, comprising detecting kinase
activity of AKT/PKB.

10. The method of claim 9, wherein the kinase activity is
detected in vitro.

11. The method of claim 5, comprising detecting p42/p44
MAP kinase phosphorylation or activity.

12. The method of claim 11, wherein the cell is not treated
with insulin.

13. The method of claim 11, wherein the cell is treated
with insulin.

14. The method of claim 11, wherein the kinase activity
is detected in vitro.

15. The method of claim 5, comprising detecting phos-
phorylation of SAPK/INK1 or p38/SAPK2.

16. The method of claim 5, comprising detecting activity
of SAPK/INK1 or p38/SAPK2.

17. The method of claim 16, wherein the kinase activity
is detected in vitro.

18. The method of claim 5, comprising detecting calcium
flux in a cell.

19. The method of claim 1, wherein the contacting step is
performed in vitro.

20. The method of claim 1, wherein the CX3CRI1
polypeptide or ligand-binding fragment thereof is expressed
in a cell and the cell is contacted with the agent.

21. The method of claim 1, comprising administering the
agent to an animal having diabetes and the testing the animal
for decreased blood glucose levels compared to blood glu-
cose levels before administration of the agent.

22. The method of claim 1, comprising administering the
agent to an animal exhibiting insulin resistance and testing
the animal for decreased insulin levels compared to insulin
levels before administration of the agent.

23. The method of claim 1, further comprising the steps
of contacting a cell expressing a CX3CR1 polypeptide or
ligand-binding fragment thereof with the agent and testing
the cell for modulated insulin sensitivity.

24. The method of claim 23, wherein insulin sensitivity is
measured as a function of GLUT4 translocation or glucoase
uptake in the cell.

25. The method of claim 1, wherein the amino acid
sequence comprises SEQ ID NO:8.

26. The method of claim 1, wherein the amino acid
sequence comprises SEQ ID NO:10.

27. The method of claim 1, wherein the amino acid
sequence comprises SEQ ID NO:12.

28. A method of treating a prediabetic or diabetic animal,
the method comprising administering a therapeutically
effective amount of an agent that increases CX3CR1 activity
or expression.

29. The method of claim 28, wherein the agent is iden-
tified in a method comprising the steps of:

(i) contacting a solution comprising an CX3CR1 polypep-
tide or ligand-binding fragment thereof with the agent,
wherein the CX3CR1 polypeptide or ligand-binding
fragment thereof is encoded by a nucleic acid that
hybridizes under stringent conditions to a nucleic acid
encoding a polypeptide having an amino acid sequence
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selected from the group consisting of SEQ ID NO:8,
SEQ ID NO:10 and SEQ ID NO:12; and

(ii) selecting an agent that increases the expression or
activity of the CX3CR1 polypeptide or ligand-binding
fragment thereof, thereby identifying an agent for treat-
ing a diabetic or prediabetic patient.

30. The method of claim 28, wherein the animal is a

human.

31. The method of claim 28, wherein animal is predia-

betic.

32. The method of claim 28, wherein the animal is

diabetic.

33. A method of treating a pre-diabetic or diabetic animal,

the method comprising

administering a therapeutically effective amount of a
polypeptide comprising an amino acid sequence at least
70% identical to SEQ ID NO:13.

34. The method of claim 33, wherein the animal is a

human.

35. The method of claim 33, wherein the amino acid

sequence comprises SEQ ID NO:13.

36. The method of claim 33, wherein the polypeptide

sequence comprises SEQ ID NO:2.

37. A method of introducing an expression cassette into a

cell, the method comprising,

introducing into the cell an expression cassette compris-
ing a promoter operably, linked to a polynucleotide
encoding a polypeptide comprising an amino acid
sequence at least 70% identical to SEQ ID NO:13.

38. The method of claim 37, wherein the polypeptide
comprises SEQ 1D NO:13.

39. The method of claim 37, wherein the polypeptide
comprises SEQ ID NO:2.

40. The method of claim 37, wherein the cell is is selected
from the group consisting of adipocytes, skeletal muscle,
liver and blood cells.

41. The method of claim 37, wherein the cell is introduced
into a patient.

42. The method of claim 41, wherein the patient is
diabetic.

43. The method of claim 41, wherein the patient is
prediabetic.

44. The method of claim 41, wherein the cell is from the
patient.

45. The method of claim 37, wherein the expression
cassette is introduced into the cell in a viral vector.

46. A method of diagnosing individuals who have Type 2
diabetes or are prediabetic, the method comprising,

detecting in a sample from the individual the level of a
CX3CR1 polypeptide or the level of a polynucleotide
encoding a CX3CR1 polypeptide, wherein the
CX3CR1 polypeptide is encoded by a nucleic acid that
hybridizes under stringent conditions to a nucleic acid
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encoding a polypeptide having an amino acid sequence
selected from the group consisting of SEQ ID NO:8,
SEQ ID NO:10, and SEQ ID NO:12,

wherein an increased level of the polypeptide or poly-
nucleotide in the sample compared to a level of the
polypeptide or polynucleotide in either a lean indi-
vidual or a previous sample from the individual indi-
cates that the individual is diabetic or prediabetic.

47. The method of claim 46, wherein the detecting step
comprises contacting the sample with an antibody that
specifically binds to the CX3CR1 polypeptide.

48. The method of claim 46, wherein the amino acid
sequence comprises SEQ ID NO:8.

49. The method of claim 46, wherein the amino acid
sequence comprises SEQ ID NO:10.

50. The method of claim 46, wherein the amino acid
sequence comprises SEQ ID NO:12.

51. The method of claim 46, wherein the detecting step
comprises quantifying mRNA encoding the CX3CR1
polypeptide.

52. The method of claim 51, wherein the mRNA is reverse
transcribed and amplified in a polymerase chain reaction.

53. The method of claim 46, wherein the sample is a tissue
sample.

54. A method of diagnosing Type 2 diabetes or a predis-
position for Type 2 diabetes in a patient, the method com-
prising,

detecting in a biological sample from the patient the level
of fractalkine,

wherein an increased level of the fractalkine in the sample
compared to a level of fractalkine in either a non-
diabetic individual or a previous sample from the
patient indicates that the patient is diabetic or predia-
betic; and

wherein the fractalkine polypeptide is encoded by a
nucleic acid that hybridizes under stringent conditions
to a nucleic acid encoding a polypeptide having an
amino acid sequence selected from the group consisting
of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6 and
SEQ ID NO:13.

55. The method of claim 54, wherein the detecting step
comprises contacting the sample with an antibody that
specifically binds to fractalkine.

56. The method of claim 54, wherein the sample is
selected from the group consisting of a tissue sample, blood
sample, saliva sample, and urine sample.

57. The method of claim 54, wherein the polypeptide
comprises SEQ 1D NO:13.

58. The method of claim 54, wherein the polypeptide
comprises SEQ 1D NO:2.

* * #* Ed *



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH¥=
f5E
ShERaEE

BE@®F)

patsnap

Fcx3er 1T FI3ATr M2 Mg RmN 5%

US20060160076A1 ASIHUN=! 2006-07-20
US10/516032 FiE B 2003-06-10
MEATABOLEX

MEATABOLEX INC.

MEATABOLEX INC.

MOODIE SHONNA
GUSTAFSON THOMASA

MOODIE, SHONNA
GUSTAFSON, THOMASA

C12Q1/68 C12Q1/48 A61K48/00 A61K38/22 GO1N33/50 C07K14/52 C07K14/715 C12N15/09 C12Q1
/02 GOT1N33/15 GO1N33/53 GO1N33/68 GO1N33/74

C07K14/521 C07K14/7158 GO1N33/74 A61K38/00
60/387699 2002-06-10 US

Espacenet USPTO

FIGURE 1A

FERARBTRATUOMAATT BRBNRS RERNASYNSGE. 5
Al , AR BAIRAL T EECXICR1E T 77 68 A ABLE 8 15 7567 ¥ R

B, ARBEE N & 8B E CX3CR1Sifractalkine B9 7Kk S 5k 12 Wi #E FR 5%

85,

g

s
s

——t

g

AV. DIFF SCORE

LEAN OBESE DIABETIC


https://share-analytics.zhihuiya.com/view/bbbf356f-8a5d-4aad-8b4d-73fba098200b
https://worldwide.espacenet.com/patent/search/family/029736354/publication/US2006160076A1?q=US2006160076A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060160076%22.PGNR.&OS=DN/20060160076&RS=DN/20060160076

