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DIAGNOSTIC OF PRE-SYMPTOMATIC
METABOLIC SYNDROME

FIELD OF THE INVENTION

[0001] The invention relates to a method for diagnosing
pre-symptomatic metabolic syndrome in a subject, wherein
said method comprises determining the expression level of a
gene represented by a nucleotide sequence selected from the
group consisting of SEQ ID NO:1-18 in a subject.

BACKGROUND OF THE INVENTION

[0002] Metabolic syndrome is a multi-component condi-
tion associated with a high risk of type 2 diabetes mellitus and
cardiovascular disease (38) and the onset of cancer. In the
industrialized societies, approximately 20-40% of the popu-
lation are affected by the metabolic syndrome and its inci-
dence is expected to rise even further in the next decades (31).
Obesity and insulin resistance are two major risk factors
underlying the metabolic syndrome. Obesity is considered
the principal instigator that predisposes to insulin resistance,
which is the pivotal metabolic disturbance in the metabolic
syndrome (25).

[0003] Lifestyle factors, such as nutrition and limited
physical activity, are known to contribute to the pathogenesis
of obesity and insulin resistance. The association between
development of these disorders and excessive intake of
dietary fat is frequently studied, especially in obesity-prone
CS57BL/6]J mice (2, 27, 34, 43, 51). Most of these studies are
focused on the physiology and underlying molecular mecha-
nisms in liver, skeletal muscle and adipose tissue, as these
organs are target organs of insulin-modulated metabolism (6,
30, 46). However, there is growing evidence that also the
small intestine can play an essential role in the etiology of
obesity and/or insulin resistance, due to its gatekeeper func-
tion at the physical interphase between body and diet. Next to
an efficient uptake of nutrients, the enterocytes in the small
intestine are also responsible for sensing of luminal contents
that are modulated by the diet. As a result of this sensing, the
small intestine secretes signaling molecules, such as gut hor-
mones and pro- and anti-inflammatory cytokines, to which
liver, muscle and adipose tissue can respond by modulating
their metabolism to keep homeostatic control. Potential small
intestinal factors that contribute to development of metabolic
syndrome are specific effects of gut hormones on satiety and
glucose homeostasis (9, 12), diminished fatty acid oxidative
capacity of enterocytes (27) and gut microbiota composition
(2, 48).

[0004] Due to the growing importance of metabolic syn-
drome in western societies, there is a great need for specific
markers that could be used in a method for diagnosing pre-
symptomatic metabolic syndrome in a subject. Such markers
are not available yet.

DESCRIPTION OF THE INVENTION

[0005] Inthis inventory study, we investigated the potential
role of the small intestine in development of dietary fat-
induced obesity and/or insulin resistance in C57BL/6] mice
in a rather comprehensive way during time. Therefore, we
performed microarray analysis of small intestinal mucosa to
explore fat-modulated biological processes and an additional
‘secretome’ analysis to identify secreted proteins that are able
to induce systemic effects underlying the etiology of the
metabolic syndrome. Surprisingly, we found that 15 genes
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among other a Fam3D and/or a ApoA4 gene could be used as
specific markers in a method for diagnosing pre-symptomatic
metabolic syndrome in a subject.

Diagnostic Method

[0006] In a first aspect, there is provided a method for
diagnosing pre-symptomatic metabolic syndrome in a sub-
ject, the method comprising the steps of:

[0007] (a) determining the expression level of a gene
represented by a nucleotide sequence selected from the
group consisting of SEQ ID NO:1-18 in a subject; and,

[0008] (b)comparing the expression level of said gene as
defined in (a) with a reference value for said expression
level, the reference value preferably being the average
value for said expression level in a control subject.

[0009] Inthe context of the invention, metabolic syndrome
may be defined as being a multi-component condition asso-
ciated with a high risk of type 2 diabetes mellitus and cardio-
vascular disease. Symptomatic metabolic syndrome is gener-
ally characterized by at least one of obesity, insulin resistance,
type 2 diabetes mellitus and a (cardio)vascular disease. Sev-
eral methods are already known to diagnose metabolic syn-
drome (Grundy et al (2004) Circulation, 109: 433-438 and
Grundy et al (2005) Circulation, 112: 2735-2752). Each of
these methods define a combination of parameters, for which
a specific value or range for each of the parameters will
establish the diagnosis of metabolic syndrome in a subject.
For example the National Cholesterol Education Program’s
Adult Treatment Panel III report (so-called ATP III) defines
that when at least three of the following parameters being
body weight, lipid concentration, blood pressure, glucose are
comprised within a specific range as defined in table 1 of
Grundy et al (2004) or in table 1 of Grundy et al (2005),
metabolic syndrome will be diagnosed. As another example,
the World Health Organization (WHO) proposed another
definition wherein the presence of insulin resistance, in com-
bination with two of the following parameters being body
weight, lipid, blood pressure and glucose being comprised
within a specific range as defined in table 2 of Grundy et al
(2004) or table 1 of Grundy et al (2005) metabolic syndrome
is diagnosed. Using any of the existing methods (such as ATP
1IT or WHO definitions) for diagnosing metabolic syndrome
leads to a relative late diagnosis of the syndrome, which
means that the course of the syndrome is quite difficult to be
reversed in a subject.

[0010] In the context of the invention, diagnosing pre-
symptomatic metabolic syndrome preferably means that a
diagnosis is reached before the actual development of a symp-
tomatic metabolic syndrome as earlier defined herein. The
invention allows a specific and early detection of metabolic
syndrome, which will allow to reverse the course of the syn-
drome more easily ina subject. In addition, the target genes or
proteins identified in the invention may be effected by other
means to reverse or stop the development of metabolic syn-
drome and the related diseases. The invention is the first
known to allow a detection of a pre-symptomatic metabolic
syndrome. A detection of a pre-symptomatic metabolic syn-
drome is preferably reached earlier in time than the detection
of symptomatic metabolic syndrome using any of the other
methods (or definitions) earlier defined herein. In this con-
text, “earlier in time” preferably means at least one day, at
least two days, at least three days, at least four days, at least
five days, at least six days, at least seven days, at least eight
days, at least nine days, at least ten days at least 15 days, at
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least 20 days, at least 25 days, at least 30 days, at least 1
month, at least 2 months, at least 3 months, at least 4 months,
at least 5 months, at least 6 months, at least 7 months, at least
8 months, at least 9 months, at least 10 months, at least 11
months, at least 12 months or more before the actual devel-
opment of a symptomatic metabolic syndrome.

[0011] Inthe context of the invention, diagnosis preferably
means a predictive risk assessment of the subsequent devel-
opment of metabolic syndrome in a subject.

[0012] In the context of the invention, a subject may be an
animal or a human being. In principle, any subject could be
diagnosed using the method of the invention. The diagnosis
method may be applied as often as necessary in a subject.
Preferably, a subject diagnosed is a subject suspected to have
a high risk of developing a metabolic syndrome, due for
example to potential genetic predisposition, and/or to the age
of the subject and/or to the lifestyle of a subject (for example
nutritional habit and/or to the absence of physical activity).
Preferably, a subject is a human being.

[0013] Inthecontext of the invention, “a gene or nucleotide
molecule as identified herein” preferably means a gene or
nucleotide molecule represented by a nucleotide sequence
selected from the group consisting of SEQ IDNO:1-18, more
preferably from the group consisting of SEQID NO:1, 2,3, 4,
5,6,7,8,9,10,11 0r 12,13, 14, 15 or 16 or 17 and 18. Even
more preferably, the group consists of SEQ ID NO:1 and 2.

[0014] In the context of the invention, “a polypeptide or
protein as identified herein” preferably means a polypeptide
encoded by a gene or nucleotide molecule as identified
herein.

[0015] In the context of the invention, “a reference value”
for the expression level of a gene as identified herein is pref-
erably the average value for said expression level in control
subjects. More preferably, a control subject is a subject, who
has not developed a metabolic syndrome as diagnosed by any
of the methods as mentioned earlier herein. Alternatively
according to an even more preferred embodiment, a control
subject is a subject who has not developed any of the charac-
teristics (i.e. parameters) of the metabolic syndrome yet. For
example, a subject will not be said to have abdominal obesity,
lipid, blood pressure, glucose and/or insulin resistance as
defined in table 1 of Grundy et al (2005).

[0016] The assessment of the expression level of a gene as
identified herein may be realised at the protein expression
level (quantifying the amount of a protein encoded by said
genes as identified herein), and/or by quantifying the amount
of a gene (or nucleotide molecule) encoding said protein
(both the reference value from a control subject and the value
from a subject wherein the method is being carried out). Table
5 (and genes marked in grey in table 4) identifies 15 genes
represented by 18 nucleotide sequences SEQ IDNO:1-18 and
corresponding encoded polypeptides or proteins. Each of
these genes can be used alone or in combination or in sub-
combinations as a marker for pre-symptomatic metabolic
syndrome. They were all found up-regulated in the studied
animal model, their expression product is secreted and detect-
able in blood and their expression is restricted to a limited
number of tissues. Each of these features renders these genes
attractive to be used as a marker for diagnosing pre-symp-
tomatic metabolic syndrome and as target for interfering in
the development of full blown metabolic syndrome and con-
sequentially the related diseases. The invention encompasses
theuseof1,2,3,4,5,6,7,8,9,10,11,12,13, 14 till 15 genes
represented by SEQ ID NO:1-18. It is to be noted that both
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genes are represented by more than one nucleotide
sequences: the Pap gene is represented by two nucleotides
sequences SEQ ID NO:11 and 12, the Reg3g gene by three
SEQ ID NO:15, 16 and 17. These two (respectively three)
nucleotide sequences code for one polypeptide represented
by the same amino acid sequence SEQ ID NO:29 (respec-
tively SEQ ID NO:32). Therefore, when referring to the Pap
(respectively the Reg3g) gene, one may use either of the
identified nucleotide sequences. Fam3D (Oitl, represented
by SEQID NO:1)and ApoA4 (represented by SEQ IDNO:2)
are gut-specific markers (small intestine), their differences in
gene expression as measured in serum may easily be extrapo-
lated to differences in gene expression in the small intestine.
Therefore, the use of these genes represented by SEQ ID
NO:1 and/or SEQ ID NO:2 is preferred in a diagnostic
method for pre-symptomatic metabolic syndrome.

[0017] The skilled person will understand that for each
identified gene (or nucleotide sequence) and corresponding
polypeptide or protein, it is possible to isolate multiple iso-
forms of a given protein depending on the subject to be tested.
It is to be understood that each gene as identified herein by a
given Sequence Identity Number (SEQ ID NO) is not limited
to this specific sequence. Each gene sequence or nucleotide
sequence as identified herein encodes a given protein or
polypeptide as identified in table 5. Throughout this applica-
tion, each time one refers to a specific nucleotide sequence
SEQ ID NO (take SEQ ID NO:1 as example), one may
replace it by:

[0018] i.a polypeptide comprising an amino acid sequence
that has at least 60% sequence identity with amino acid
sequence SEQ ID NO:19 (as identified in table 5) as being
encoded by SEQ ID NO:1,

[0019] ii. a nucleotide sequence comprising a nucleotide
sequence that has at least 60% sequence identity with SEQ ID
NO:1 (as example).

[0020] iii. anucleotide sequence the complementary strand
of which hybridizes to a nucleotide sequence of (ii);

[0021] iv. a nucleotide sequence the sequence of which
differs from the sequence of a nucleotide sequence of (iii) due
to the degeneracy of the genetic code.

[0022] iv.anucleotide sequence that encodes an amino acid
sequence that has at least 60% amino acid identity with an
amino acid sequence encoded by a nucleotide sequence SEQ
ID NO:1.

[0023] Each nucleotide sequence or amino acid sequence
described herein by virtue of its identity percentage (at least
60%) with a given nucleotide sequence or amino acid
sequence respectively has in a further preferred embodiment
an identity of at least 65%, 70%, 75%, 80%, 85%, 90%, 95%,
97%, 98%, 99% or more identity with the given nucleotide or
amino acid sequence respectively. In a preferred embodi-
ment, sequence identity is determined by comparing the
whole length of the sequences as identified herein.

[0024] Identity is later herein defined. The quantification
of the amount of a gene (or nucleotide molecule) as
identified herein is preferably performed using classical
molecular biology techniques such as (real time) PCR,
arrays or northern analysis. In this embodiment, a gene
(or nucleotide molecule) encoding a polypeptide as
defined herein means a messenger RNA (mRNA). Alter-
natively, according to another preferred embodiment, in
the diagnosis method the expression level of a polypep-
tide is determined directly by quantifying the amount of
said polypeptide. Quantifying a polypeptide amount
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may be carried out by any known technique. Preferably,
a polypeptide amount is quantified using a molecule
which specifically binds to said polypeptide. Preferred
binding molecules are selected from: an antibody, which
has been specifically raised for recognizing a given
polypeptide, any other molecule which is known to spe-
cifically bind said polypeptide. Such antibody could be
used in any immunoassay known to the skilled person
such as western blotting, or ELISA (Enzyme-Linked
Immuno Sorbent Assay) or FACS (Fluorescence Acti-
vated Cell Sorting) using latex beads. The preparation of
an antibody is known to those skilled in the art. A short
explanation of methods that could be used to prepare
antibodies is later herein given. An example of a suitable
specific antibody raised against Fam3D is described in
US2005/0158753. In the context of the invention, any
other molecule known to bind a given polypeptide may
be a nucleic acid, e.g. a DNA regulatory region, a
polypeptide, a metabolite, a substrate, a regulatory ele-
ment, a structural component, a chaperone (transport)
molecule, a peptide mimetic, a non-peptide mimetic, or
any other type of ligand. Mimetic is later herein defined.
Binding of a given polypeptide to a second binding
molecule may be detected by any standard methods
known to those skilled in the art. Suitable methods
include affinity chromatography co-electrophoresis
(ACE) assays and ELISA. The skilled person will under-
stand that alternatively or in combination with the quan-
tification of a gene encoding a given polypeptide and/or
the corresponding polypeptide, the quantification of a
substrate of the corresponding polypeptide or of any
compound known to be associated with the function of
the corresponding polypeptide or the quantification of
the function or activity of the corresponding polypeptide
using a specific assay is encompassed within the scope
of the diagnosis method of the invention. For example,
transactivation of a target gene by Fam3D or a Fam3D
binding molecule can be determined and quantified, e.g.,
in a transient transfection assay in which the promoter of
the target gene is linked to a reporter gene, e.g., P-ga-
lactosidase or luciferase.

[0025] Such evaluations can be done in vitro or in vivo or
ex vivo.

[0026] Since the expression level of a gene (or nucleotide
molecule) encoding a polypeptide as identified herein and/or
amounts of corresponding polypeptide may be difficult to
detect in a subject, a sample from a subject is preferably used.
According to another preferred embodiment, the expression
level (of a gene or nucleotide molecule or polypeptide) is
determined ex vivo in a sample obtained from a subject. A
sample preferably comprises or consists of a solid of a semi
solid sample. Preferred solid or semi solid samples include a
part of the small intestine of a subject, also called an intestinal
biopsy. Alternatively, a sample preferably comprises or con-
sists of a fluid obtained from a subject. More preferably, a
fluid comprises or consists of or is selected from: urine,
faeces, blood or saliva. Even more preferably, a fluid is blood
plasma. Subsequently, a nucleotide molecule encoding a
polypeptide as identified herein and/or said polypeptide are
extracted and optionally purified using known methods to the
skilled person.

[0027] In a more preferred diagnosis method, pre-symp-
tomatic metabolic syndrome is diagnosed when the compari-
son leads to the finding of a detectable expression of a (i.e. at
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least one) gene (or nucleotide molecule) and/or of a corre-
sponding polypeptide as identified herein. Alternatively or in
combination with earlier preferred embodiment, the compari-
son leads to the finding of an increase of the expression level
of'a (i.e. at least one) gene (or nucleotide molecule) and/or of
a corresponding polypeptide as identified herein. In control
subjects as defined before, the expression of said gene (or
nucleotide molecule) and/or corresponding polypeptide is
preferably significantly lower than in subjects diagnosed as
having a pre-symptomatic metabolic syndrome.

[0028] Detection or an increase of the expression level of a
polypeptide as identified herein and/or an increase or a detec-
tion of the expression level of a gene (or nucleotide molecule)
encoding said polypeptide (or steady state level of said
polypeptide) is preferably defined as being a detectable
change of the expression level of said polypeptide and/or of a
nucleotide molecule encoding said polypeptide (or steady
state level of the encoded polypeptide or any detectable
change in the biological activity of a polypeptide as defined
herein) using a method as defined earlier on as compared to
the expression level of a polypeptide as identified herein
and/or of a corresponding gene (or nucleotide molecule) (or
steady state level of the corresponding encoded polypeptide)
in a control subject. According to a preferred embodiment,
detection or an increase of the expression level of a gene (or
nucleotide molecule) as identified herein is quantified using a
specific mRNA assay for the gene (or nucleotide molecule) as
earlier defined herein. Preferably, an increase of the expres-
sion level of a gene (or nucleotide molecule) encoding a
polypeptide as identified herein means an increase of at least
5% of the expression level of the gene (or nucleotide mol-
ecule) using PCR. For example, preferred primers used for
the PCR for the detection of the expression of a Fam3D gene
are identified as SEQ ID NO:34 5'-CTGCCCAGCCAAC-
TACTTTG-3' and SEQ ID NO:35 5'-CTCCCGTGGTTC-
CATTCAC-3'. More preferably, an increase of the expression
level of a gene (or nucleotide molecule) means an increase of
at least 10%, even more preferably at least 20%, at least 30%,
at least 40%, at least 50%, at least 70%, at least 90%, at least
150% or more. Preferred primers for the PCR for the detec-
tion of the expression of a ApoA4 gene are identified as SEQ
ID NO:36 5'-CCAAGATCGACCAGAACGTGG-3' and
SEQ ID NO:37 5'-GTCCTGAGCATAGGGAGCCA-3".
[0029] Preferably, an increase of the expression level of a
polypeptide as identified herein means an increase of at least
5% of the expression level of said polypeptide using western
blotting and/or using ELISA or a suitable assay. More pref-
erably, an increase of the expression level of a polypeptide
means an increase of at least 10%, even more preferably at
least 20%, at least 30%, at least 40%, at least 50%, at least
70%, at least 90%, at least 150% or more.

[0030] Preferably, an increase of an activity of a given
polypeptide as identified herein means an increase of at least
5% of the polypeptide activity using a suitable assay. More
preferably, an increase of a polypeptide activity means an
increase of at least 10%, even more preferably at least 20%, at
least 30%, at least 40%, at least 50%, at least 70%, at least
90%, at least 150% or more.

[0031] In a most preferred diagnosis method, pre-symp-
tomatic metabolic syndrome is diagnosed when the compari-
son leads to the finding of a detectable expression of a Fam3D
and/or ApoA4 using PCR and/or an increase of the expression
level of a Fam3D and/or ApoA4, said detection or increase
being detected at the level of a gene (or nucleotide molecule)
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encoding a Fam3D (respectively ApoA4) (mRNA) (an
increase of at least 5% of the expression level of the gene or
nucleotide molecule) using PCR primers as defined herein.

Assay Device

[0032] Inasecond aspect, there is provided an assay device
for diagnosing pre-symptomatic metabolic syndrome in a
subject, wherein the device comprises a molecule which spe-
cifically binds a polypeptide as defined earlier herein. More
preferably, a device comprises a molecule which specifically
binds a Fam3D polypeptide and/or a molecule which specifi-
cally binds a ApoA4 polypeptide.

[0033] This device may be used in a diagnosis method of
the invention. Any subject or physician could use this device
at office/home, repeat the use of such device as often as
necessary.

[0034] Thetype of molecules that are known to specifically
bind a polypeptide as defined herein have already been earlier
described herein. In a preferred embodiment, the molecule
which specifically binds a polypeptide as identified herein
and which is present in the device is an antibody.

[0035] In a preferred embodiment, an assay device is a
lateral flow test strip also known as dipstick, preferably,
though not necessarily, encased in a housing, designed to be
read by the subject, and the assay is a sandwich immunoassay.
Such devices are impregnated with reagents that specifically
indicate the presence of a polypeptide as identified herein by
changing colour upon contact with a sample. Preferred sub-
ject’s samples have already been defined herein. The antibody
is preferably labelled by conjugation to a physically detect-
able label, and upon contacting with the sample containing a
polypeptide as identified herein forms a complex. The com-
plex is then contacted with a second antibody, which recog-
nizes the first antibody and which is immobilized on a solid
support within the device. The second antibody captures the
complex to form a sandwich complex, and the resulting sand-
wich complex, which is immobilized on the solid support, is
detectable by virtue of the label. The test strip may then be
inserted into a reader, where the signal from the label in the
complex is measured. Alternatively, the test strip could be
inserted into the reader prior to addition of the sample. Alter-
natively and according to a preferred embodiment, the pres-
ence of a polypeptide as identified herein is visualised by a
subject as a change of colour of at least part of the device.
Dipsticks are usually made of paper or cardboard. Usually
additional molecules are present in said device as positive or
negative controls. A typical positive control could be an anti-
body recognizing a molecule which is known to be present in
a sample to be tested. A typical negative control could be an
antibody recognizing a molecule which is known to be absent
in a sample to be tested. Accordingly in a further aspect, there
is provided the use of such assay device for diagnosing pre-
symptomatic metabolic syndrome in a subject, wherein the
device comprises a molecule which specifically binds a
polypeptide as defined earlier herein. More preferably, a
device comprises a molecule which specifically binds a
Fam3D polypeptide and/or a molecule which specifically
binds a ApoA4 polypeptide. A preferred molecule which
specifically binds a Fam3D, respectively a ApoA4 polypep-
tide is an antibody, more preferably a monoclonal antibody. In
another preferred embodiment, such assay is used in a method
for diagnosing pre-symptomatic metabolic syndrome as
identified herein.

Method for Identification

[0036] In a further aspect, there is provided a method for
identification of a substance capable of preventing, treating
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and/or delaying the progression of metabolic syndrome in a
subject, the method comprising the steps of:

[0037] (a)providing atestcell population or a test animal
capable of expressing a gene (or nucleotide molecule)
encoding a polypeptide as identified herein and/or a
gene (or nucleotide molecule) encoding said polypep-
tide;

[0038] (b) contacting the test cell population or the test
animal with a substance;

[0039] (c) determining the expression level of a gene (or
nucleotide molecule) encoding said polypeptide or the
activity or steady state level of said polypeptide in a test
cell population or in the test animal contacted with the
substance;

[0040] (d) comparing the expression, activity or steady
state level determined in (¢) with the expression, activity
or steady state level of the gene (or nucleotide molecule)
or of the polypeptide in a test cell population or in a test
animal that is not contacted with the substance; and,

[0041] (e)identifying a substance that produces a differ-
ence in expression level, activity or steady state level of
the gene (or nucleotide molecule) or the polypeptide,
between the test cell population or test animal that is
contacted with the substance and the test cell population
or test animal that is not contacted with the substance.

[0042] Inapreferred embodiment, a test animal is a mouse,
more preferably a C57BL/6] mouse. A preferred test cell
population comprises mammalian cells, more preferably
human cells. Even more preferred cells are colon carcinoma
cell lines 1LS174T and LOVO, since they both express
Fam3D.

[0043] Alternatively or in combination with previous pre-
ferred embodiment in a further preferred embodiment, in step
(a), a test cell or a test animal has been modified to over-
express a polypeptide as identified herein. This is preferably
carried out by transforming a test cell with a nucleic acid
construct comprising a nucleotide sequence encoding said
polypeptide as defined herein. Alternatively, this is preferably
carried out by generating a test animal being transgenic for a
given polypeptide as identified herein and as later explained
herein. In a further aspect, the invention relates to such a
nucleic acid construct. Preferably, a nucleotide sequence is
operably linked to a promoter that is capable of driving
expression of a nucleotide sequence in a chosen test cell. Ina
preferred embodiment a nucleic acid construct is a viral gene
therapy vector selected from gene therapy vectors based on an
adenovirus, an adeno-associated virus (AAV), a herpes virus,
a pox virus and a retrovirus. A preferred viral gene therapy
vector is an AAV or Lentiviral vector. Such vectors are further
described herein below.

[0044] Depending on the system used (test cell or test ani-
mal), the skilled person will know which conditions are pre-
ferred for the contacting step (b).

[0045] Instep (c), the expression level of a gene (or nucle-
otide molecule) encoding a polypeptide as identified herein or
the activity or steady state level of said polypeptide may be
carried out as earlier herein defined.

[0046] In a preferred method in step (e), the difference
identified in step (d) produced by the substance is a decrease
of the expression level of said corresponding gene (or nucle-
otide molecule), or of the activity or steady state level of said
polypeptide.

[0047] A decrease of the expression level of a gene (or
nucleotide molecule) encoding a polypeptide as identified
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herein (or steady state level of said polypeptide) is preferably
defined as being a detectable change of the expression level of
said polypeptide and/or of a gene (or nucleotide molecule)
encoding said polypeptide (or steady state level of the
encoded polypeptide) or any detectable change in a biological
activity of said polypeptide using a method as defined earlier
on as compared to the expression level of a given polypeptide
and/or of a corresponding gene (or nucleotide molecule) (or
steady state level of the corresponding encoded polypeptide
in a control subject. According to a preferred embodiment, a
decrease of the expression level of a gene (or nucleotide
molecule) encoding a given polypeptide as identified herein is
quantified using a specific mRNA assay for corresponding
gene as earlier defined herein. Preferably, a decrease of the
expression level of a gene (or nucleotide molecule) encoding
a given polypeptide means a decrease of at least 5% of the
expression level of the gene (or nucleotide molecule) using
PCR. Preferred primers used for the PCR are already identi-
fied herein. More preferably, a decrease of the expression
level of a gene (or nucleotide molecule) means a decrease of
at least 10%, even more preferably at least 20%, at least 30%,
at least 40%, at least 50%, at least 70%, at least 90%, at least
150% or more.

[0048] Preferably, a decrease of the expression level of a
given polypeptide means a decrease of at least 5% of the
expression level of said polypeptide using western blotting
and/or using ELISA or a suitable assay. More preferably, a
decrease of the expression level of a polypeptide means a
decrease of at least 10%, even more preferably at least 20%,
at least 30%, at least 40%, at least 50%, at least 70%, at least
90%, at least 150% or more.

[0049] Preferably, a decrease of an activity of a given
polypeptide means a decrease of at least 5% of the polypep-
tide activity using a suitable assay. More preferably, a
decrease of the polypeptide activity means a decrease of at
least 10%, even more preferably at least 20%, at least 30%, at
least 40%, at least 50%, at least 70%, at least 90%, at least
150% or more.

[0050] In a most preferred method for identifying a sub-
stance capable of preventing, treating and/or delaying the
progression of metabolic syndrome in a subject when the
comparison leads to the comparison leads to a decrease of the
expression level of a gene (or nucleotide molecule) as iden-
tified herein, said decrease being detected at the level of a
gene (or nucleotide molecule) (a decrease of at least 5% of the
expression level of the gene (or nucleotide molecule)) using
PCR primers as defined herein.

[0051] Preferred genes and corresponding polypeptides
have already been defined herein.

[0052] Inone further aspect, the invention also pertains to a
substance that is identified in a method the aforementioned
methods.

Sequence Identity

[0053] “Sequence identity” is herein defined as a relation-
ship between two or more amino acid (polypeptide or protein)
sequences or two or more nucleic acid (polynucleotide)
sequences, as determined by comparing the sequences. The
whole SEQ ID NO may be used or part thereof. In a preferred
embodiment, the whole SEQ ID NO as identified herein is
used. In the art, “identity” also means the degree of sequence
relatedness between amino acid or nucleic acid sequences, as
the case may be, as determined by the match between strings
of such sequences. “Similarity” between two amino acid
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sequences is determined by comparing the amino acid
sequence and its conserved amino acid substitutes of one
polypeptide to the sequence of a second polypeptide. “Iden-
tity” and “similarity” can be readily calculated by known
methods, including but not limited to those described in
(Computational Molecular Biology, Lesk, A. M., ed., Oxford
University Press, New York, 1988; Biocomputing: Informat-
ics and Genome Projects, Smith, D. W., ed., Academic Press,
New York, 1993; Computer Analysis of Sequence Data, Part
1, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von
Heine, G., Academic Press, 1987; and Sequence Analysis
Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press, New York, 1991; and Carillo, H., and Lipman, D.,
SIAM J. Applied Math., 48:1073 (1988).

[0054] Preferred methods to determine identity are
designed to give the largest match between the sequences
tested. Methods to determine identity and similarity are codi-
fied in publicly available computer programs. Preferred com-
puter program methods to determine identity and similarity
between two sequences include e.g. the GCG program pack-
age (Devereux, I, et al., Nucleic Acids Research 12 (1): 387
(1984)), BestFit, BLASTP, BLASTN, and FASTA (Altschul,
S.F.etal., J. Mol. Biol. 215:403-410 (1990). The BLAST X
program is publicly available from NCBI and other sources
(BLAST Manual, Altschul, S., et al., NCBI NLM NIH
Bethesda, Md. 20894; Altschul, S., et al., J. Mol. Biol. 215:
403-410 (1990). The well-known Smith Waterman algorithni
may also be used to determine identity.

[0055] Preferred parameters for polypeptide sequence
comparison include the following: Algorithni: Needleman
and Wunsch, J. Mol. Biol. 48:443-453 (1970); Comparison
matrix: BLOSSUMS62 from Hentikoff and Hentikoff, Proc.
Natl. Acad. Sci. USA. 89:10915-10919 (1992); Gap Penalty:
12; and Gap Length Penalty: 4. A program useful with these
parameters is publicly available as the “Ogap” program from
Genetics Computer Group, located in Madison, Wis. The
aforementioned parameters are the default parameters for
amino acid comparisons (along with no penalty for end gaps).
[0056] Preferred parameters for nucleic acid comparison
include the following: Algorithni: Needleman and Wunsch, J.
Mol. Biol. 48:443-453 (1970); Comparison matrix:
matches=+10, mismatch=0; Gap Penalty: 50; Gap Length
Penalty: 3. Available as the Gap program from Genetics Com-
puter Group, located in Madison, Wis. Given above are the
default parameters for nucleic acid comparisons.

[0057] Optionally, in determining the degree of amino acid
similarity, the skilled person may also take into account so-
called “conservative” amino acid substitutions, as will be
clear to the skilled person. Conservative amino acid substitu-
tions refer to the interchangeability of residues having similar
side chains. For example, a group of amino acids having
aliphatic side chains is glycine, alanine, valine, leucine, and
isoleucine; a group of amino acids having aliphatic-hydroxyl
side chains is serine and threonine; a group of amino acids
having amide-containing side chains is asparagine and
glutamine; a group of amino acids having aromatic side
chains is phenylalanine, tyrosine, and tryptophan; a group of
amino acids having basic side chains is lysine, arginine, and
histidine; and a group of amino acids having sulphur-contain-
ing side chains is cysteine and methionine. Preferred conser-
vative amino acids substitution groups are: valine-leucine-
isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-
valine, and asparagine-glutamine. Substitutional variants of
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the amino acid sequence disclosed herein are those in which
at least one residue in the disclosed sequences has been
removed and a different residue inserted in its place. Prefer-
ably, the amino acid change is conservative. Preferred con-
servative substitutions for each of the naturally occurring
amino acids are as follows: Ala to Ser; Arg to Lys; Asn to Gln
or His; Asp to Glu; Cys to Ser or Ala; Gln to Asn; Glu to Asp;
Gly to Pro; His to Asn or Gln; Ile to Leu or Val; Leu to Ile or
Val; Lys to Arg, Gln or Glu; Met to Leu or Ile; Phe to Met, Leu
or Tyr; Ser to Thr; Thrto Ser; Trp to Tyr; Tyr to Trp or Phe; and
Val to Ile or Leu.

Antibodies

[0058] Some aspects of the invention concern the use of an
antibody or antibody-fragment that specifically binds to a
polypeptide as identified herein. Methods for generating anti-
bodies or antibody-fragments that specifically bind to a
polypeptide are described in e.g. Harlow and Lane (1988,
Antibodies: A Laboratory Manual, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y.) and WO 91/19818;
WO 91/18989; WO 92/01047; WO 92/06204; WO 92/18619;
and U.S. Pat. No. 6,420,113 and references cited therein. The
term “specific binding,” as used herein, includes both low and
high affinity specific binding. Specific binding can be exhib-
ited, e.g., by a low affinity antibody or antibody-fragment
having aKd of atleast about 10~* M. Specific binding also can
be exhibited by a high affinity antibody or antibody-fragment,
for example, an antibody or antibody-fragment having a Kd
ofatleast about of 10~7 M, at least about 1073 M, at least about
107° M, at least about 107!° M, or can have a Kd of at least
about 10~ M or 107'> M or greater.

Recombinant Techniques and Methods for Over-Expression
of'a Polypeptide as Identified Herein in a Test Cell or in a Test
Animal

[0059] A polypeptide for use in the present invention can be
prepared using recombinant techniques, in which a gene (or
nucleotide molecule) encoding said polypeptide of interest is
(over)expressed in a suitable host cell. The present invention
thus also concerns the use of a vector comprising a nucleic
acid molecule as defined above. Preferably the vector is a
replicative vector comprising on origin of replication (or
autonomously replication sequence) that ensures multiplica-
tion of the vector in a suitable host for the vector. Alternatively
a vector is capable of integrating into a host cell’s genome,
e.g. through homologous recombination or otherwise. A par-
ticularly preferred vector is an expression vector wherein a
nucleotide molecule encoding a polypeptide as defined
above, is operably linked to a promoter capable of directing
expression of the coding sequence in a host cell for the vector.

[0060] As used herein, the term “promoter” refers to a
nucleic acid fragment that functions to control the transcrip-
tion of one or more genes, located upstream with respect to
the direction of transcription of the transcription initiation site
ofthe gene, and is structurally identified by the presence of a
binding site for DNA-dependent RNA polymerase, transcrip-
tion initiation sites and any other DNA sequences, including,
but not limited to transcription factor binding sites, repressor
and activator protein binding sites, and any other sequences of
nucleotides known to one of skill in the art to act directly or
indirectly to regulate the amount of transcription from the
promoter. A “constitutive” promoter is a promoter that is
active under most physiological and developmental condi-
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tions. An “inducible” promoter is a promoter that is regulated
depending on physiological or developmental conditions. A
“tissue specific” promoter is only active in specific types of
differentiated cells/tissues, such as preferably a monocyte or
a macrophage cell or tissue derived there from.

[0061] Expression vectors allow a polypeptide of the inven-
tion as defined above to be prepared using recombinant tech-
niques in which a nucleotide molecule encoding said
polypeptide of interest is expressed in a suitable cell, e.g.
cultured cells or cells of a multicellular organism, such as
described in Ausubel et al., “Current Protocols in Molecular
Biology”, Greene Publishing and Wiley-Interscience, New
York (1987) and in Sambrook and Russell (2001, supra); both
of which are incorporated herein by reference in their entirety.
Also see, Kunkel (1985) Proc. Natl. Acad. Sci. 82:488 (de-
scribing site directed mutagenesis) and Roberts et al. (1987)
Nature 328:731-734 or Wells, J. A, etal. (1985) Gene 34: 315
(describing cassette mutagenesis).

[0062] Typically, a nucleotide molecule encoding a desired
polypeptide is used in an expression vector. The phrase
“expression vector” generally refers to a nucleotide molecule
represented by a nucleotide sequence that is capable of effect-
ing expression of a gene in hosts compatible with such
sequences. These expression vectors typically include at least
suitable promoter sequences and optionally, transcription ter-
mination signals. Additional factors necessary or helpful in
effecting expression can also be used as described herein. A
nucleic acid or DNA encoding a polypeptide is incorporated
into a DNA construct capable of introduction into and expres-
sion in an in vitro cell culture. Specifically, DNA constructs
are suitable for replication in a prokaryotic host, such as
bacteria, e.g., £. coli, or can be introduced into a cultured
mammalian, plant, insect, e.g., S19, yeast, fungi or other
eukaryotic cell lines.

[0063] DNA constructs prepared for introduction into a
particular host typically include a replication system recog-
nized by the host, the intended DNA segment encoding the
desired polypeptide, and transcriptional and translational ini-
tiation and termination regulatory sequences operably linked
to the polypeptide-encoding segment. A DNA segment is
“operably linked” when it is placed into a functional relation-
ship with another DNA segment. For example, a promoter or
enhancer is operably linked to a coding sequence if it stimu-
lates the transcription of the sequence. DNA for a signal
sequence is operably linked to DNA encoding a polypeptide
if it is expressed as a pre-protein that participates in the
secretion of the polypeptide. Generally, DNA sequences that
are operably linked are contiguous, and, in the case of a signal
sequence, both contiguous and in reading phase. However,
enhancers need not be contiguous with the coding sequences
whose transcription they control Linking is accomplished by
ligation at convenient restriction sites or at adapters or linkers
inserted in lieu thereof.

[0064] The selection of an appropriate promoter sequence
generally depends upon the host cell selected for the expres-
sion of the DNA segment. Examples of suitable promoter
sequences include prokaryotic, and eukaryotic promoters
well known in the art (see, e.g. Sambrook and Russell, 2001,
supra). The transcriptional regulatory sequences typically
include a heterologous enhancer or promoter that is recogn-
ised by the host. The selection of an appropriate promoter
depends upon the host, but promoters such as the trp, lac and
phage promoters, tRNA promoters and glycolytic enzyme
promoters are known and available (see, e.g. Sambrook and
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Russell, 2001, supra). Expression vectors include the repli-
cation system and transcriptional and translational regulatory
sequences together with the insertion site for the polypeptide
encoding segment can be employed. Examples of workable
combinations of cell lines and expression vectors are
described in Sambrook and Russell (2001, supra) and in
Metzger et al. (1988) Nature 334: 31-36. For example, suit-
able expression vectors can be expressed in, yeast, e.g. S.
cerevisiae, e.g., insect cells, e.g., Sf9 cells, mammalian cells,
e.g., CHO cells and bacterial cells, e.g., E. coli. The host cells
may thus be prokaryotic or eukarotic host cells. A host cell
may be a host cell that is suitable for culture in liquid or on
solid media. A host cell is preferably used in a method for
producing a polypeptide of the invention as defined above or
in a method for identification of a substance as defined herein.
Said method comprises the step of culturing a host cell under
conditions conducive to the expression of a polypeptide.
Optionally the method may comprise recovery of a polypep-
tide. A polypeptide may e.g. be recovered from the culture
medium by standard protein purification techniques, includ-
ing a variety of chromatography methods known in the art per
se.

[0065] Alternatively, a host cell is a cell that is part of a
multi-cellular organism such as a transgenic plant or animal,
preferably anon-human animal. A transgenic plant comprises
in at least a part of its cells a vector as defined above. Methods
for generating transgenic plants are e.g. described in U.S. Pat.
No. 6,359,196 and in the references cited therein. Such trans-
genic plant or animal may be used in a method for producing
a polypeptide of the invention as defined above and/or in a
method for identification of a substance both as defined
herein. For transgenic plant, the method comprises the step of
recovering a part of a transgenic plant comprising in its cells
the vector or a part of a descendant of such transgenic plant,
whereby the plant part contains said polypeptide, and, option-
ally recovery of said polypeptide from the plant part. Such
methods are also described in U.S. Pat. No. 6,359,196 and in
the references cited therein. Similarly, the transgenic animal
comprises in its somatic and germ cells a vector as defined
above. The transgenic animal preferably is a non-human ani-
mal. More preferably, a non-human animal is a mouse. Meth-
ods for generating transgenic animals are e.g. described in
WO 01/57079 and in the references cited therein. Such trans-
genic animals may be used in a method for producing a
polypeptide as defined herein, said method comprising the
step of recovering a body fluid from a transgenic animal
comprising the vector or a female descendant thereof,
wherein the body fluid contains said polypeptide, and, option-
ally recovery of said polypeptide from the body fluid. Such
methods are also described in WO 01/57079 and in the ref-
erences cited therein. The body fluid containing said polypep-
tide preferably is blood or more preferably milk.

[0066] Another method for preparing a polypeptide is to
employ an in vitro transcription/translation system. DNA
encoding a polypeptide is cloned into an expression vector as
described supra. The expression vector is then transcribed and
translated in vitro. The translation product can be used
directly or first purified. A polypeptide resulting from in vitro
translation typically does not contain the post-translation
modifications present on polypeptides synthesised in vivo,
although due to the inherent presence of microsomes some
post-translational modification may occur. Methods for syn-
thesis of polypeptides by in vitro translation are described by,
for example, Berger & Kimmel, Methods in Enzymology,
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Volume 152, Guide to Molecular Cloning Techniques, Aca-
demic Press, Inc., San Diego, Calif., 1987.

[0067] In this document and in its claims, the verb “to
comprise” and its conjugations is used in its non-limiting
sense to mean that items following the word are included, but
items not specifically mentioned are not excluded. In addition
the verb “to consist” may be replaced by “to consist essen-
tially of” meaning that a polypeptide or a nucleic acid con-
struct or an antibody as defined herein may comprise addi-
tional component(s) than the ones specifically identified, said
additional component(s) not altering the unique characteristic
of the invention. In addition, reference to an element by the
indefinite article “a” or “an” does not exclude the possibility
that more than one of the element is present, unless the con-
text clearly requires that there be one and only one of the
elements. The indefinite article “a” or “an” thus usually
means “at least one”. Each embodiment as identified herein
may be combined together unless otherwise indicated. All
patent and literature references cited in the present specifica-
tion are hereby incorporated by reference in their entirety.
[0068] The invention is further illustrated by the following
examples which should not be construed for limiting the
scope of the present invention.

DESCRIPTION OF THE FIGURES

[0069] FIG. 1. Body weight and oral glucose tolerance test.
(A) Body weight gain of C57BL/6J mice during a low-fat or
high-fat diet intervention of 8 weeks. (B) and (C) An oral
glucose tolerance test was performed after 7 weeks of diet
intervention. After an oral gavage of 100 mg glucose, blood
glucose levels were monitored for 150 minutes. The changes
in blood glucose levels (B) and the area under the curve were
calculated (C). In (A) and (B), data are means+SEM. *p<0.05.
LF=low-fat diet, HF=high-fat diet.

[0070] FIG. 2. Dietary fat-induced differential gene expres-
sion along the longitudinal axis of the small intestine. For the
proximal (SI 1), middle (SI 2) and distal part of the small
intestine (SI 3), the numbers of genes that are differentially
expressed in at least one week of diet intervention are plotted
(grey bars). Among those genes are genes that are consis-
tently up- (I) or down-regulated (D) on a high-fat diet (white
and black bars, respectively).

[0071] FIG. 3. Immunohistochemical analysis of dietary
fat-induced cell proliferation in the small intestine of C57BL/
6J mice. Immunohistochemistry was performed on distal
small intestinal sections of C57BL/6] mice fed a low-fat (A)
or high-fat diet (B) using Ki67-specific antibodies. The villus
is defined from dotted line to top of the villus and the arrow
indicates Ki67-specific staining (brown) at the bottom of the
villus. Next to the number of Ki67-positive cells per villus
(C), also the total number of villus cells (D) and villus length
(E) were determined. Therefore, per mouse 15 villi were
observed and the mean values were calculated. A-specific
staining was detectable in the lamina propria due to cross-
reactivity of the goat-anti-rat antibody (also seen in negative
control without Ki67 antibodies, data not shown). *p<0.05.
LF=low-fat diet, HF=high-fat diet.

[0072] FIGS. 4 and 5. Heat map diagrams of differentially
expressed genes on a high-fat diet. SLR of differentially
expressed genes related to lipid metabolism (A), cell cycle
(B) and inflammation/immune response (C) are clustered in a
heat map diagram for the proximal (SI 1), middle (SI 2) and
distal part of the small intestine (SI 3). FIG. 4 relates to the
down-regulation of gene expression, whereas FIG. 5 relates
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to the up-regulation. Amongst other genes that display similar
expression patterns on a high-fat diet, the boxes include dif-
ferentially expressed genes that share association with par-
ticular biological processes (numbered). Differentially
expressed genes with a —0.3>SL.R>0.3 in at least one week of
diet intervention are included and the color scheme ranges
from SLR -1.5 to 1.5. Next to SLR, also the numbers of
differentially expressed genes are visualized.

[0073] FIG. 6. Verification of microarray results in indi-
vidual mice by qPCR analysis. For the proximal (A), middle
(B) and distal part of the small intestine (C), five genes that
were found to be differentially expressed by microarray
analysis were randomly selected and their expression was
validated in individual mouse samples by qPCR. Only the
results of the 18S normalization are shown as they are repre-
sentative for the results of the cyclophilin A normalization.
The qPCR data are visualized as the mean expression of all
individual mice per diet group per time point +SEM, relative
to the expression on the LF diet at week 2 which was set to
1.#p<0.05. LF=low-fat diet, HF=high-fat diet.

EXAMPLES
Materials & Methods
Animals and Diets
[0074] Male C57BL/6J mice were purchased from Harlan

(Horst, The Netherlands) and were housed in the light- and
temperature-controlled animal facility of Wageningen Uni-
versity. They had free access to water and prior to the diet
intervention they received standard laboratory chow (RMH-
B, Arie Blok BV, Woerden, The Netherlands). All experi-
ments were approved by the Ethical Committee on animal
testing of Wageningen University.

[0075] Inthis study we investigated the effect of dietary fat
ondevelopment of obesity and insulin resistance and on small
intestinal gene expression in C57BL/6] mice. After a run-in
period of 3 weeks on the low-fat diet, 9 week old mice were
fed a powder high- or a low-fat purified diet for 2, 4, and 8
weeks (n=6 per diet, per time point). Low-fat and high-fat
diets are based on ‘Research Diets’ formulas D12450B/
D12451, with adaptations regarding type of fat (palm oil in
stead of lard) and carbohydrates to mimic the fatty acid and
carbohydrate composition of the average human diet in West-
ern societies (Research diet services, Wijk bij Duurstede, The
Netherlands). The complete compositions of the diets are
given in supplementary table S1. It should be noted that in
these diets the energy density of all nutrients, except fat and
starch, are equal. Body weight was recorded weekly and after
7 weeks of diet intervention an oral glucose tolerance test was
performed. Therefore, after 6-hours fasting, mice received
0.5 ml of'a 20% glucose solution via an oral gavage and blood
glucose was measured after 15, 30, 45, 60, 90 and 150 min-
utes using Accu-Chek blood glucose meters (Roche Diagnos-
tics, Almere, The Netherlands). At the end of the experiment,
mice were anaesthetized with a mixture of isofluorane
(1.5%), nitrous oxide (70%) and oxygen (30%). The small
intestines were excised and the adhering fat and pancreatic
tissue were carefully removed. The small intestines were
divided in three equal parts along the proximal to distal axis
(SI 1=proximal part; duodenum, SI 2=middle part; jejunum
and SI 3=distal part; ileum). Small intestinal epithelial cells
were scraped, snap-frozen in liquid nitrogen, and stored at
-80° C. until RNA isolation. For immunohistochemical
analysis, a similar low-fat and high-fat diet intervention study
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was performed for 2 weeks (n=12 per diet). Small intestines
were again excised, divided in three equal parts, cut open
longitudinally, and washed with PBS. Thereafter, the small
intestinal parts were fixed in 10% buffered formalin and
imbedded in paraffin as ‘Swiss rolls’.

RNA Isolation

[0076] Total RNA was isolated using TRIzol reagent (Invit-
rogen, Breda, The Netherlands) according to the manufactur-
er’s instructions. The isolated RNA was further column-pu-
rified using the SV total RNA isolation system (Promega,
Leiden, The Netherlands). RNA concentration was measured
on a Nanoprop ND-1000 UV-Vis spectrophotometer (Isogen,
Maarssen, The Netherlands) and analyzed on a bioanalyzer
(Agilent Technologies, Amsterdam, the Netherlands) with
6000 Nano Chips according to the manufacturer’s instruc-
tions.

Microarray Hybridization and Analysis

[0077] For each part of the small intestine, total RNA was
pooled per diet group and per time point (n=6). RNA was
hybridized to Mouse genome 430 2.0 arrays (Affymetrix,
Santa Clara, Calif., USA). Detailed methods for the labelling
and subsequent hybridizations to the arrays are described in
the eukaryotic section in the GeneChip Expression Analysis
Technical Manual Rev. 3 from Affymetrix. Arrays were
scanned on an Affymetrix GeneChip Scanner 3000. Data
analysis was performed using Microarray Analysis Suite 5.0
(MAS 5.0). To estimate the magnitude and direction of dif-
ferential gene expression for the high-fat versus low-fat treat-
ments, MAS 5.0 software provides signal log ratio’s (SLR). If
the SLR is equal to or greater than 0, fold change is obtained
with +2°% otherwise with —27*%, Array data have been
submitted to the Gene Expression Omnibus, accession num-
ber GSE8582.

[0078] To determine overrepresentation of Gene Ontology
(GO) Biological Process subsets upon high-fat diet interven-
tion, an Ermine] overrepresentation analysis (ORA) was per-
formed (33). Gene score files that were used as input con-
tained the ‘change p-values’ of all probes sets provided by
MAS 5.0 comparison analysis. By setting the Gene score
threshold to 0.0025, only significantly differentially
expressed genes were included in the ORA analyses. More-
over, only GO subsets that contained between 2 and 125
genes were taking into account. The Ermine] software gen-
erally uses Benjamini-Hochberg correction of p-values to
determine which gene sets are selected with a particular false
discovery rate (FDR). The FDR is considered a rapid and
reasonable guide to which gene sets are likely to be of highest
interest.

[0079] Heat map diagrams visualizing SLR of differen-
tially expressed genes are made using Spotfire DecisionSite®
software by applying hierarchical clustering.

c¢DNA Synthesis and Real-Time Quantitative PCR

[0080] Single-stranded complementary DNA (cDNA) was
synthesized from 1 pg of total RNA using the Reverse tran-
scription system (Promega, Leiden, The Netherlands) follow-
ing the supplier’s protocol. cDNA was PCR amplified with
Platinum Taq DNA polymerase (all reagents were from Invit-
rogen). Primer sequences that we used for real-time quanti-
tative PCR reaction (qQPCR) were chosen based on the
sequences available in the GenBank database (www.ncbi.
nlm.nih.gov) and these are listed in supplementary table S2.
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qPCRs was performed using SYBR green and a MyIQ ther-
mal cycler (Bio-Rad laboratories BV, Veenendaal, The Neth-
erlands). The following thermal cycling conditions were
used: 2 min at 94° C., followed by 40 cycles of 94° C. for 15
s and 60° C. for 45 s. PCR reactions were performed in
duplicate and all samples were normalized to 18S and cyclo-
philin A expression.

Immunohistochemistry

[0081] Four-micrometer sections of paraffin-embedded
distal part of the small intestine were mounted on Superfrost
microscope slides. These sections were dewaxed in xylene
and rehydrated in a series of graded alcohols. To block endog-
enous peroxidase activity, slides were incubated with 3%
H,O, for 20 minutes. Antigen retrieval is performed by plac-
ing the slides in citrate buffer (pH 6.0) and heat them in a
microwave oven 5 min 700 W (without 1id) and 4 times 5 min
500 W (with lid). After cooling down to room temperature,
the sections were briefly washed with PBS. Prior to staining,
a 20 minutes preincubation was performed using 20% normal
goat serum (Vector Laboratories, Burlingame, Calif., USA).
The sections were stained in a three-step procedure utilizing
the following incubations: overnight incubation at 4° C. with
rat monoclonal antibodies against Ki67 (Clone TEC-3) (Da-
koCytomation B.V., Heverlee, Belgium), diluted 1:200 in
PBS. Thereafter, the sections were incubated with a biotiny-
lated goat-anti-rat for 30 minutes, followed by 45 minutes
incubation with peroxidase-labelled avidin-biotin complex
(Vector Laboratories). Between all incubations, sections were
washed three times in PBS. Diaminobenzidine tetrahydro-
chloride (DAB, Vector Laboratories) was used as substrate to
visualize the bound antibodies. After counterstaining with
Meyer’s hematoxylin, sections were mounted with DePex
mounting medium (Gurr, BDH, Poole, Dorset, UK).

Statistical Analysis

[0082] All data are reported as the mean+SEM. The differ-
ences between the mean values were tested for statistical
significance by the two-tailed Student’s t test.

Results

Dietary Fat-Induced Obesity and Insulin Resistance in
C57BL/6] Mice

[0083] To evaluate the effect of a high-fat diet on the devel-
opment of obesity and insulin resistance, C57BL/6J mice
were fed a high-fat versus low-fat diet for eight weeks. FIG.
1A shows that already after two weeks on the high-fat diet,
CS57BL/6] mice demonstrate a significantly higher weight
gain than mice on the low-fat diet. Moreover, an oral glucose
tolerance test performed after seven weeks of diet interven-
tion showed that the high-fat diet induced a significantly
higher glucose intolerance (FIG. 1B), indicating develop-
ment of insulin resistance. As the intake of the high-fat and
low-fat diets was isoenergetic, these data indicate that dietary
fat (palm oil) induces obesity and insulin resistance in
C57BL/6J mice.

Dietary Fat-Induced Changes in Small Intestinal Gene
Expression

[0084] After 2, 4 and 8 weeks of diet intervention, C57BL/
6J mice were sacrificed (n=6 per diet, per time point), small
intestines were isolated and divided into three equal parts
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along the proximal to distal axis. For each part of the small
intestine, dietary fat-induced differential gene expression was
analyzed and the numbers of genes that are differentially
expressed in at least one week of diet intervention are visu-
alized in FIG. 2. The consistently differentially expressed
genes with a fold change lower than -3 and higher than +3 are
listed in supplementary table S3. The highest numbers of
genes, transiently as well as sustained differentially
expressed during diet intervention, are found in the middle
part of the small intestine, indicating that the effect of dietary
fat on gene expression is most pronounced in the jejunum.
[0085] As microarray analyses in this study were per-
formed on mouse samples that were pooled per diet group per
time point, qPCR was used to verify differential gene expres-
sion ofrandomly selected genes in individual mouse samples.
qPCR results were highly in accordance with the microarray
data (supplementary figure S1), especially in the middle part
of the small intestine. In the proximal and distal part of the
small intestine, differential expression of some genes did not
reach significance by qPCR, due to a higher variance among
individual mouse samples.

Biological Processes Influenced by Dietary Fat in the Small
Intestine

[0086] To determine which biological processes in the
small intestine are highly influenced by dietary fat, we per-
formed an overrepresentation analysis (ORA) for each part of
the small intestine, including all genes showing differential
expression in at least one week of diet intervention. The false
discovery rate (FDR) that is calculated in the ORA analysis is
considered a rapid and reasonable guide to which gene sets
are likely to be of highest interest (33). Table 1 displays the
GO Biological Process subsets that are overrepresented in the
different parts of the small intestine (FDR <0.01) in mice fed
a high-fat diet. Additionally, in FIG. 3, heat map diagrams
illustrate the numbers of genes that are annotated to the GO
terms listed in table 1 and the magnitude and direction of their
differential gene expression indicated by the SLR.

[0087] ORA analysis reveals that biological processes
related to lipid metabolism are highly regulated by dietary fat
in all parts of the small intestine. Additionally, the heat map
diagrams in FIG. 3A show that the up- or down-regulation of
many lipid metabolism related genes is very consistent in
time and that the strongest dietary fat effects can be observed
in the proximal and middle part of the small intestine. In these
parts, genes involved in fatty acid transport, chylomicron
synthesis and especially fatty acid oxidation are highly up-
regulated, whereas genes involved in cholesterol transport are
down-regulated by dietary fat. In the distal part of the small
intestine, similar regulation of fatty acid oxidation and cho-
lesterol transport is seen, but less prominent than in the more
proximal parts of the small intestine. These data indicate that
dietary fat processing/handling is mainly accomplished in the
duodenum and jejunum. However, the ileum is still capable of
handling the overflow of fat.

[0088] Additionally, ORA analysis and heat map diagrams
(FIG. 3B) show the effect of dietary fat on regulation of cell
cycle related processes, which is most pronounced in the
middle and distal parts of the small intestine. Cell prolifera-
tion seems to be enhanced by dietary fat early in diet inter-
vention, as genes that are essential for progression through
cell cycle are up-regulated in the first weeks and genes
involved in apoptosis are down-regulated. Remarkably, after
8 weeks of diet intervention, hardly any differential gene
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expression related to cell cycle can be detected. To ensure that
the dietary fat-induced modulations in cell cycle related pro-
cesses reflect proliferation of enterocytes and not immune
cells, we performed immunohistochemistry on the distal part
ofthe small intestine using Ki67-specific antibodies (FIG. 4).
Differences in Ki67-staining of the small intestines exposed
to the low-fat or high-fat diet were most pronounced at the
bottom of the villi (FIGS. 4A and 4B). Although this increase
in Ki67-positive cells per villus did not reach significance
(p=0.07), villus length and the total number of cells per villus
were significantly higher in mice fed the high-fat diet. These
data indicate that cell proliferation induced by dietary fat
results in enlargement of small intestinal villi.

[0089] Biological Process subsets related to inflammation/
immune response are also overrepresented in small intestine
after feeding a high-fat diet. In the proximal and distal small
intestine, the differential expression of genes related to these
processes is not very consistent in time. However, in the
middle part of the small intestine, a substantial number of
genes show a sustained down-regulation throughout high-fat
diet intervention. Remarkably, many of these down-regulated
genes are known to be interferon gamma (IFNy)-inducible
genes (28, 42). Despite this consistent down-regulation of
genes in the jejunum, which suggests a diminished inflam-
matory disposition after exposure to elevated levels of dietary
fat, it remains difficult to draw a definitive conclusion on
inflammatory status of the overall small intestine, as hardly
any gene shows a consistent up- or down-regulation in all
parts of the small intestine. Taken together, ORA analysis
showed that dietary fat highly influences processes related to
lipid metabolism, proliferation and inflammation and/or
immune response in the small intestine of C57Bl/6J mice.

Dietary Fat-Induced Gene Expression Changes of Small
Intestinal Secreted Proteins

[0090] In response to dietary components, the small intes-
tinal mucosa can be triggered to secrete signaling proteins
that are able to induce systemic effects, such as modulation of
metabolism in peripheral organs. To identify secreted pro-
teins that are differentially expressed during high-fat diet
intervention, we performed a secretome analysis. For this
analysis, genes that were differentially expressed in at least
one week of diet intervention (fold change >1.5) were addi-
tionally selected for their corresponding GO Cellular Com-
ponent term ‘extracellular region/space’ (GO:0005576/GO:
0005615) (Table 2). Some of these selected genes showed a
consistent differential gene expression throughout the small
intestine (e.g. Angptl4, ApoC2, Dnasel, Cgrefl, Gas6,
H2-Q10), whereas for other genes the changes were more
restricted to a particular part of the gut (e.g. Cck, Igfbp3,
Regl,Fgfl5, Ccl28, CclS, Pyy). For several genes, also a time
effect could be detected, as they were showing early (e.g.
Igfbp4, Ttr) or late phase (e.g. CclS, Ccl28, Igj, Fgfl5)
responses. Consistent with the ORA analysis data described
above, many of the secreted proteins are related to lipid
metabolism, especially chylomicron synthesis (e.g. ApoA4,
ApoC2, ApoC3), and inflammation/immune response (e.g.
several chemokines, H2-Q10, 1118, Mif, Rsad2, Saal/2).
Although we do not propose that all of these secreted proteins
act as signaling molecules that provoke a systemic effect on
peripheral organs, we consider genes related to inflammation/
immune response and the gut hormones (e.g. Cck, Pyy) as
promising candidates. Also genes with a pronounced differ-
ential gene expression, of which function is not completely
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elucidated yet (e.g. Angptl4, Oitl, Smpdl3a/b) are potential
interesting signaling molecules that might contribute to
development of obesity and/or insulin resistance. Table 4
identifies the same genes as table 2, gives their tissue distri-
bution and their level of expression. In grey in table 4, 15
genes are selected for their high level of expression in the
animal model and their restricted tissue distribution (re-
stricted till specific gastro-intestinal tract). Each of these
genes alone or in combination are attractive to be used as
markers in the present invention since their gene product is
secreted into the serum, their expression level is up-regulated
in the studied animal model and they are expressed in a
limited number of tissues. The 15 genes of Table 4 are further
identified in Table 5. As Fam3D (Oitl) and ApoA4 are gut-
specific markers (small intestine), their differences in gene
expression as measured in serum may easily be extrapolated
to differences in gene expression in the small intestine.

Discussion

[0091] In this study, we demonstrated that C57BL/6] mice
develop obesity and glucose intolerance on a high-fat diet that
mimics the fatty acid composition of a Western-style human
diet. Microarray analysis showed that dietary fat induces a
substantial number of changes in gene expression throughout
the small intestine. However, the most pronounced effects
were detectable in the middle part of the small intestine.
Biological processes that we found to be highly influenced in
the small intestine by feeding a high-fat diet are predomi-
nantly associated with lipid metabolism, inflammation/im-
mune response and cell cycle.

[0092] Lipid metabolism related genes, especially Ppara
target genes involved in fatty acid transport and fatty acid
oxidation, were highly and consistently regulated by dietary
fat. This indicates that lipid metabolism related processes are
presumably very important for efficient dietary fat handling
in the small intestine. Kondo et al. recently compared the gene
expression levels of several Pparo target genes involved in
fatty acid catabolism between obesity-resistant A/J versus
obesity-prone C57B1/6] mice after feeding a high-fat diet
(27). In their study, the basal as well as the dietary fat-induced
up-regulated expression of the genes were higher in the A/J
mice compared to the C57B1/6] mice. They suggested that in
C57Bl1/6] mice fatty acid catabolism in the small intestine
proceeds less efficient than in A/J mice and that an impaired
activation of Ppara might play an important role in this pro-
cess. Moreover, the highly reduced expression level of
Cyp4al0 in C57Bl/6] mice suggested that w-oxidation plays
an essential role in the diminished efficacy of small intestinal
fatty acid handling. The co-oxidation is known to be a com-
pensatory mechanism when f-oxidation is not sufficient,
which seems to be the case on a high-fat diet intervention.
Interestingly, it was previously shown that also Ppargcla is
involved in fatty acid oxidation, as together with Ppara it can
cooperatively induce the expression of Ppara target genes and
increase cellular fatty acid oxidation rates (49). Moreover, a
decreased expression of Ppargcla was linked to an inefficient
fatty acid oxidation and associated with an impaired glucose
tolerance in mice fed a high-fat diet (29). Based on these
studies, we speculate that in the C57B1/6J mice the dietary
fat-induced down-regulation of Ppargcla is related to a sub-
optimal activation of Ppara. This results in an inefficient fatty
acid oxidation in the small intestine, in which we believe
w-oxidation has a pronounced role. How this impaired fatty
acid handling in the small intestine might contribute to devel-
opment of dietary fat-induced obesity and/or insulin resis-
tance is not yet known and has to be investigated in future
studies.
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[0093] Nexttoaroleinlipid handling, Ppars are also known
to be related to inflammation and immune response. Acti-
vated Ppars can suppress production of pro-inflammatory
cytokines or related mediators, such as tumor necrosis factor
o (Tnfa) (20), IFNy(18) and nuclear factor kappa B (Ntkb)
(10). So, lipids can regulate inflammatory and immune pro-
cesses via Ppars and this might explain the down-regulation
of IFNy-inducible genes in the middle part of the small intes-
tine, which was found to be most susceptible to dietary fat-
induced gene expression changes. On the other hand, the
down-regulation of IFNy-inducible genes can be the result of
the decreased expression of pro-inflammatory cytokine 1118,
which actions are mediated by IFNy. Interestingly, a recent
study showed that 1118 null mice have markedly increased
body weight and are insulin resistant (39). It is even suggested
that 1118 possesses a glucose-lowering potential. Based on
our data, we hypothesize that this recently proposed role of
1118 in obesity and insulin resistance is mediated via the IFNy
signaling pathway.

[0094] There is growing evidence that chronic inflamma-
tion contributes to development of obesity and insulin resis-
tance (21). Some of these inflammatory pathways, which are
most extensively studied in liver, adipose tissue and muscle,
involve toll-like receptor 4 (T1r4) (44), tumor necrosis factor
o (Tnfa) (22), nuclear factor kappa B (Nfkb) (5), Jun kinases
(Jnk) and insulin receptor substrates (Irs) (22, 47). Distur-
bances in these pathways can lead to disruption of insulin
action/signaling and thereby affecting insulin sensitivity.
However, as insulin signaling is not very likely in the small
intestine, due to lack of insulin receptors, these inflammation
pathways are not expected to contribute to the role of the
small intestine in development of obesity and insulin resis-
tance. In our microarray data, we could indeed not detect any
expression of Tnfa, Tlr4 and Irs and no differential gene
expression of Nfkrf3 and Jun kinases.

[0095] Furthermore, our data showed that in the first weeks
of high-fat diet intervention, cell proliferation is enhanced in
the middle and distal part of the small intestine, leading to an
increase in villus cell number and villus length. Petit et al,
recently also reported enhanced proliferation in jejunum after
feeding mice a high-fat diet, even though their diet had a
somehow different fatty acid composition than was used in
our study (40). The dietary fat-induced enlargement of the
villi might be functional to extent the capacity of fat absorp-
tion. Remarkably, we found that the dietary fat-induced cell
proliferation was attenuated after a longer period of diet inter-
vention. This suggests that the increased uptake capacity
reaches a certain maximum between 4 and 8 weeks on a
high-fat diet, which might finally result in an inefficient
absorption and processing of dietary fat. Although hardly any
gene related to cell cycle in the small intestine was previously
described to be associated with obesity and/or insulin resis-
tance, our data indicate that small intestinal cell proliferation
is important for an optimal functioning of the small intestine
when exposed to a high-fat diet.

[0096] As signaling molecules secreted by the small intes-
tine are able to induce systemic effects by influencing meta-
bolic homeostasis in peripheral organs, inefficient or altered
regulation of these molecules might be related to the etiology
of obesity and/or insulin resistance (9, 12). Various studies
describe the potential role of gut hormones in metabolic syn-
drome related disease states. For the incretin hormones Gip
and Glpl, which can induce a systemic effect on glucose
homeostasis, our data imply that elevated levels of the bioac-
tive compounds are available on a high-fat diet. As previous
studies showed that increased plasma levels of Gip and Glp1
even lead to an improved insulin sensitivity (36, 37), it is not
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very likely that the incretins contribute to development of
obesity and glucose intolerance in our C57BL/6] mouse
model. Other secreted proteins that are more likely to provide
a substantial contribution to small intestinal involvement are
1118, Ffgf15, Mifand Igfbp3. Their differential expression in
the small intestine induced by dietary fat corroborates results
of previous knock-out and over-expression studies showing
association with obesity and/or insulin resistance (7, 14, 39,
45). Contradictory to previous studies showing that suppres-
sion of Angptl4 mediated by gut-microbiota was related to
dietary fat-induced obesity (2), we found a sustained up-
regulation of this gene in all parts of the small intestine. This
implies that normal suppression of Angptl4 by gut microbiota
(1) is consistently counteracted by dietary fat. As despite this
persistent up-regulation of Angptl4, C57B1/6] mice still
became obese on a high fat diet, we conclude that small
intestinal Angptl4 is probably not a main contributor to devel-
opment of obesity. Interestingly, however, studies of Man-
dard et al. showing that elevated levels of Angptl4 are related
to glucose intolerance might indicate that the dietary-fat
induced up-regulation of Angptl4 in the small intestine can
provoke a systemic effect on development of insulin resis-
tance (35). Further research will be required to more accu-
rately elucidate the function of Angptl4 in the small intestine
and its potential involvement in metabolic syndrome.

[0097] Insummary, we found that a high-fat diet that mim-
ics the fatty acid composition of a Western-style human diet
induces obesity and insulin resistance in C57BL/6J mice. The
biological processes that are most apparently modulated in
the small intestine by this dietary fat are related to lipid
metabolism, cell cycle and inflammation/immune response.
Additionally, secretome analysis revealed several secreted
proteins with a modulated expression on a high fat diet that
might provoke metabolic effects in liver, muscle and adipose
tissue. As many of the genes, showing dietary fat-induced
changes, were previously already linked to obesity and/or
insulin resistance, this exploratory study provides several
leads for an essential role of the small intestine in the etiology
of these disease states. To narrow down the small intestinal
contribution to development of metabolic syndrome, future
research with a special focus on efficacy of fatty acid catabo-
lism and function of small intestinal secreted proteins such as
1118, Fgf15, Mif, Igfbp3 and Angptl4 will be done.
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TABLE 1

Overrepresentation of GO Biological Process subsets in the small intestine

during high-fat diet intervention of C57B1/6] mice.

SI'1 SI2 SI3
GO Biological Process GOID wk2 wk4 wk8 wk2 wk4 wk8 wk2 wk4 wk8
Lipid metabolism
fatty acid metabolism GO:0006631 ‘
phospholipid metabolism GO:0006631
steroid metabolism GO:0006631
coenzyme metabolism GO:000663 1
lipid transport GO:0006631
steroid metabolism GO:0006631
cholesterol metabolism GO:0006631
lipid biosynthesis GO:0006631
phospholipid biosynthesis GO:000663 1
sterol metabolism GO:0006631
fatty acid oxidation GO:0006631
carboxylic acid metabolism GO:000663 1
membrane lipid biosynthesis GO:000663 1
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TABLE 1-continued

Overrepresentation of GO Biological Process subsets in the small intestine
during high-fat diet intervention of C57B1/6J mice.

Cell cycle

G1/S transition of mitotic cell cycle

M phase of mitotic cell cycle

regulation of cell growth

nucleosome assembly

anti-apoptosis

mitosis

megative regulation of cell proliferation

cell growth

negative regulation of progression through cell cycle

sterol metabolism

Inflammation/immune response

physiological defense response

Ag P&P of exogenous peptide antigen

humoral immune response

antigen processing and presentation (Ag p&p)

Ag p&p of exogenous antigen

Ag p&p of exogenous peptide antigen via MHC class IT

Miscellaneous

pyruvate metabolism

phosphate metabolism

oxygen and reactive oxygen species metabolism
sodium ion transport

response to oxidative stress

mRNA metabolism

protein metabolism

GO:0000082
GO:0000087
GO:0001558
G0O:0006334
GO:0006916
GO:0007067
GO:0008285
GO:0016049
GO:0045786
GO:0043068

GO:0002217
GO:0002248
GO:0006959
GO:0019882
GO:0019884
GO:0019886

GO:0006090
GO:0006796
GO:0006800
GO:0006814
GO:0006979
GO:0016071
GO:0019538

For the proximal (SI 1), middle (SI2) and distal part of the small intestine (SI 3), GO Biological Process subsets with a FDR <0.01 and a RawScore =10 in at
least one week of diet intervention are included. Black boxes indicate 1.0E-31 <FDR < 1.0E-08; dark grey boxes indicate 1.0E-08 <FDR < 0.01; white boxes
indicate FDR > 0.01, so not significant. An empty row indicates that this part of small intestine does meet the above mentioned selection criteria.

TABLE 2

Differential gene expression of potential signaling molecules in small
intestine during high-fat diet intervention of C57B1/6] mice.

Probe set ID Gene name

ST S12 S13
Symbol wk2 wk4 wk8& wk2 wk4 wk8 wk2 wk4 wk8

1451625_a_at RIKEN ¢cDNA 1700013123 gene
1453132_a_at RIKEN ¢DNA [810036H07 gene
1428947 _at RIKEN ¢DNA 2010001 M09 gene
1425233 _at RIKEN ¢DNA 2210407C18 gene
1417130_s_at angiopoietin-like 4

1417761 _at apolipoprotein A-IV

1418069__at apolipoprotein C-II

1418278 _at apolipoprotein C-IIT

1446007 _at Bone morphogenetic protein 1
1455851 _at bone morphogenetic protein 5
1419473 _a_at cholecystokinin

1419426 _s_at chemokine (C—C motif) ligand 21

1455577 _at Chemokine (C—C motif) ligand 28

1418126_at chemokine (C—C motif) ligand 5

1417074 _at CEA-related cell adhesion molecule 10 Ceacam10

1424528 __at cell growth regulator with
EF hand domain 1

1700013L23Rik k DEED A A A
1810036HOTRk i-didd i 3. A A A
2010001 MO9Rik
2210407C18Rik
Angptl4
Apoa4

Apoc2

Apoc3

Bmpl

Bmp5

Cck

Cel21

Ccl28

Cel5

Cgrefl
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TABLE 2-continued

Differential gene expression of potential signaling molecules in small

intestine during high-fat diet intervention of C57B1/6] mice.

1422632 _at cathepsin W Ctsw NC NC NC NC NC
1418652_at chemokine (C—X—C motif) ligand 9~ Cxcl9 NC NC NC NC NC NC
1424592 _a_at deoxyribonuclease I Dnasel @ @ @;,;_ @
1418376_at fibroblast growth factor 15 Fgfl5 A A A A A A NC -1.27 -173
1417399_at growth arrest specific 6 Gasb NC NC
1423404 _at gastrokine 1 Gknl A A
1415812_at gelsolin Gsn 48 NC
1416905_at guanylate cyclase activator 2a (guanylin)  Gucala ] NC
1417898 _a_at granzyme A Gzma
1419060_at gransyme B Gzmb
1425137 _at histocompatibility 2, Q region locus 10 H2-Q10
1423062 _at insulin-like growth factor binding Igfbp3
protein 3
1437405_a_at insulin-like growth factor binding Igtbp4
protein 4
1423584 __at insulin-like growth factor binding Igtbp7
protein 7
1424305_at immunoglobulin joining chain Igj
1417932 _at interleukin 18 118
149492 _a_at  leukocyte cell-derived chemotaxin 2 Lect2
1438312_s_at latent Tgf beta binding protein 3 Ltbp3
1416335_at macrophage migration inhibitory factor ~ Mif
1424502 __at oncoprotein induced transcript 1 Oitl
1437453_s_at proprotein convertase subtilisin/kexin Pecsk9
type 9
1417426 _ at proteoglycan 1, secretory granule Prgl
1431057 _a_at protease, serine, 23 Prss23
1424865_at peptide YY Pyy
1415905_at regenerating islet-derived 1 Regl
1424009__at regenerating islet-derived 3 delta Reg3d
1448872 _at regenerating islet-derived 3 gamma Reg3g
1418931 _at regenerating islet-derived family, Regd
member 4

1436058 _at radical S-adenosyl methionine domain 2~ Rsad2

@ indicates text missing or illegible when filed

1450788 _at serum amyloid A 1 Saal

1449326_x_at serum amyloid A2 Saa2

1416635_at sphingomyelin phosphodiesterase, Smpdl3a
acid-like 3A

1417300_at sphingomyelin phosphodiesterase, SmpdI3b

acid-like 3B
1415871 _at transforming growth factor, beta induced Tgfbi
1455913 _x_at transthyretin Ttr
1426399_at von Willebrand factor A domain Vwal

containing 1

@ indicates text missing or illegible when filed

Differential gene expression, in the proximal (SI 1), middle (SI 2) and distal part of the small intestine (SI 3). Fold changes are <—1.5 and >+1.5 in at least one week of diet intervention.
Underlined and italics boxes indicate significantly increased and decreased gene expression, respectively (according to Affymetrix MAS 5.0). NC = no change, A = absent.
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TABLE 3

Expression of obesity-and/or insulin resistance-associated genes during high-fat

diet intervention in the small intestine of C57B1/6] mice.

SI1 S12 S13
Probe set ID Gene name Symbol Ref. wk2 wk4 wk& wk2 wk4 wk8 wk2 wk4

Nuclear receptors/transcription factors

1449854 _at Small heterodimer partner NrOb2 (50) NC A A
1416353 _at Liver X receptor Nrih2  (26) NC NC NC
1450444_a_at Liver X receptor o Nrih3 (26) NC NC NC
1419105_at Farnesoid X-activated receptor Nrih4 (13)
1449051 _at Peroxisome proliferator activated Ppara (16,
receptor a 27)
1439797 _at Peroxisome proliferator activated Ppard (32)
receptor &
1420715_a_at Peroxisome proliferator activated Pparg (24)
receptor y
1456395__at Pparg, coactivator la Ppargela (29)
1426690_a_at Sterol regulatory element binding Srebfl (23)
factor 1
Lipid metabolism related
1416946_a_at Acetyl-CoA acyltransferase 1 Acaal 27)
1449065__at Acyl-CoA thioesterase 1 Acotl 2%
1439478 _at Acyl-CoA thioesterase 2 Acot2 27)

1416408 _at Acyl-CoA oxidase 1, palmitoyl Acoxl  (27)
1423166__at CD36 antigen Cd36 @3,

27)
1460409__at Carnitine palmitoyltransferase 1a, liver ~ Cptla 27
1424853_s_at Cytochrome P450, family 4 a, Cyp4al0 (27)

polypeptide 10

1417556 _at Fatty acid binding protein 1, liver Ppard (32)
1452173 _at Hydroxyacyl-CoA dehydrogenase/ Hadha  (27)

3-ketoacyl-CoA thiolase/enoyl-CoA

hydratase, o subunit
1426522 __at Hydroxyacyl-CoA dehydrogenase/ Hadhb  (27)

3-ketoacyl-CoA thiolase/enoyl-CoA
hydratase,  subunit

1423858 a_at 3-Hydroxy-3-methylglutaryl-CoA Hmges2 (27)
synthase 2

1416632 _at Malic enzyme, supernatant Modl 27

1417273 _at Pyruvate dehydrogenase kinase, Pdk4 2%
isoenzyme 4

1415964 at Stearoyl-Coenzyme A desaturase 1 Scdl (17,

41)
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TABLE 3-continued

Expression of obesity-and/or insulin resistance-associated genes during high-fat

diet intervention in the small intestine of C57B1/6] mice.

1423108 _at Solute carrier family 25, member 20 Sle25a20 (27)

142444] _at Solute carrier family 27, member 4 Sle27a4 (15,
27)
Secreted(signaling) proteins
1417130_s_at Angiopoietin-like 4 Angptld  (2)
1419473 _a_at Cholecystokinin Cck 9)
1416697 _at Dipeptidylpeptidase 4 Dpp4 (®)
1418376_at Fibroblast growth factor 15 Fgfl5 (14)
1425952_a_at  Glucagon Geg (9,
12)
1449908 _at Gastric inhibitory polypeptide Gip (12)
1423062_at Insulin-like growth factor binding Igfbp3  (45)
protein 3
1417932_at Interleukin 18 1118 (39)
1416335_at Macrophage migration inhibitory Mif (7
factor
1424865_at Peptide YY Pyy ©

@ indicates text missing or illegible when filed

Differential gene expression of the proximal (SI 1), middle (SI 2) and distal part of the small intestine (SI 3). Underlined and italics boxes indicate significantly increased and decreased
gene expression, respectively (according to Affymetrix MAS 5.0). NC = no change, A = absent.

TABLE 4

Secreted molecules in small intestine of C57B1/67 mice during HF diet

intervention.
Low
Human Tissue distribution expression
Probe set ID Gene name Symbol homologue  GS L U (signal <500)
1451625_a at  RIKEN ¢DNA 1700013123 gene 1700013L.23Rik X X X
1453132_a_at  RIKEN ¢cDNA 1810036H07 gene 1810036 HO7Rik X X
1428947 _at RIKEN ¢DNA 2010001M09 gene 2010001 MO9Rik X X
1425233 _at RIKEN ¢DNA 2210407C18 gene 2210407C18Rik X
1417130_s_at  angiopoietin-like 4 Angptl4 X X

1418278 _at apolipoprotein C-IIT Apoc3 X X (+)
1446007 _at bone morphogenetic protein | Bmpl X X
1455851 _at bone morphogenetic protein 5 Bmp5 X X X
1419426_s_at  chemokine (C—C motif) ligand 21 Cel21l X X (+)
1455577 _at chemokine (C—C motif) ligand 28 Cel28 X X (+)
1418126_at chemokine (C—C motif) ligand 5 Cel5 X x (1)
X X

1417074 _at CEA-related cell adhesion molecule 10 Ceacaml0

1422632_at cathepsin W Ctsw X X X
1418652_at chemokine (C —X—C motif) ligand 9 Cxcl9 X X X
1424592 _a_at  deoxyribonuclease I Dnasel X x(-)
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TABLE 4-continued

1417399 _at growth arrest specific 6 Gas6 X X
1423404 _at gastrokine | Gknl X X X
1415812 _at gelsolin Gsn X X

1419060_at granzyme B Gzmb X X

1423062 _at insulin-like growth factor binding protein 3 Igfbp3 X

1437405_a_at  insulin-like growth factor binding protein 4 Igfbp4 X

1423584 _at insulin-like growth factor binding protein 7 Igfbp7 X

1417932 _at interleukin 18 18 X X

1449492 a_at  leukocyte cell-derived chemotaxin 2 Lect2 X X X
1438312_s_at  latent Tgf beta binding protein 3 Ltbp3 X X
1416335_at macrophage migration inhibitory factor Mif X

1437453_s_at  proprotein convertase subtilisin/kexin type 9 Pesk9 X X X
1417426 _at proteoglycan 1, secretory granule Prgl ? ? ? ?
1431057_a_at  protease, serine, 23 Prss23 X X

1424009 _at regenerating islet-derived 3 delta Reg3d X

1436058 _at radical S-adenosyl methionine domain 2 Rsad2

X x(-)
1450788 _at serum amyloid A 1 Saal X x (+)
1449326 _x_at  serum amyloid A 2 Saa2 X X X
1416635_at sphingomyelin phosphodiesterase, acid-like 3A  Smpdl3a X X
1417300_at sphingomyelin phosphodiesterase, acid-like 3B SmpdI3b X X
1415871 _at transforming growth factor, beta induced Tgtbi X X
1455913_x_at  transthyretin Ttr X X
1426399 _at von Willebrand factor A domain containing 1 Vwal X X
GS: gastrointestinal-restricted expression,
L: expression restricted to limited number of tissues,
U: ubiquitously expressed.
(+): high expression also in intestine,
(=): low expression in intestine.
TABLE 5 TABLE 5-continued
SEQ ID NO: cDNA Symbol SEQ ID NO: cDNA Symbol
(SEQID NO): protein  Gene name (SEQID NO): protein ~ Gene name
1 (19) Fam3 D or.Olit 1 . 8 (26) Gzma
Oncoprotein induced transcript 1 Granzyme A
2 (20) Af’,‘)&“ , 9 27 HLA-G human homologueof H2-Q10
Alipoprotein A-IV Histocompatibility 2, Q region locus 10
3 (21 Apoc2 .
. . 10 (28) Igj
Alipoprotein C-II R .
4(22) Cek Immunoglobulin joining chain
Cholecystokinin 11,12 (29) Reg3g human homologue of Pap
5 (23) Cerefl Pancreatitis-associated protein
Cell growth regulator with EF hand 13 (30) Pyy
Domain 1 Peptide YY
6 (24) Fgfl19 human homologue of Fgfl5 14 (31) Regla human homologue of Reg 1
Fibroblast growth factor 15 Regenerating islet-derived 1
7 (25) Guca2a 15,16, 17 (32) Reg3a human homologue of Reg 3g

Guanylate cyclase activator 2a (guanylin) Regenerating islet-derived 3 gamma
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TABLE 5-continued SUPPLEMENTARY TABLE S1-continued
SEQ ID NO: cDNA Symbol Diet composition
(SEQ ID NO): protein ~ Gene name
18 (33) Reg 4 Low fat (LF) diet High fat (HF) diet
Regenerating islet-derived family,
member 4 Based on formula #
D12450B* D12451*
SUPPLEMENTARY TABLE S1 Corn Starch 427.2 1709 72.8 291
Maltodextrin 100 400 100 400
Diet composition Sucrose 172.8 691 172.8 691
Cellulose, BW200 50 0 50 0
Low fat (LF) diet High fat (HF) diet .
ow g = 1800 = Soybean Oil 25 225 25 225
Based on formula # Palm oil 20 180 177.5 1598
Mineral Mix S10026 10 0 10 0
D12450B* Di12451* DiCalcium Phosphate 13 0 13 0
om%  keal % om % keal % Calcmfn Ca.rlbonate 55 0 5.5 0
Potassium Citrate, 1 165 0 16.5 0
Protein 19 20 24 20 H20
Carbohydrate 67 70 41 35 Vitamin Mix V10001 10 40 10 40
Fat 4 10 e 45 Choline Bitartrate 2 0 2 0
Ingredients gm keal gm kcal
Total 1055 4057 858.15 4057
Casein, lactic 200 800 200 800
L-Cystine 3 12 3 12 *Research Diets, Inc. (New Brunswick, NI, USA)
SUPPLEMENTARY TABLE S2
Primer sequences
Gene symbol Forward primer Reverse primer
Abcal 5'-CCCAGAGCAAAAAGCGACTC-3"' 5' -ACCATCCATGCCTACAACAAAAGG-3"
Apoa4 5'-CAACAGGCTGAAGGCTACGAT-3"! 5' -CGATTTTTGCGGAGACCTTGG-3"'
Cendl 5'-CAGAAGTGCGAAGAGGAGGTC-3" 5' -TCATCTTAGAGGCCACGAACAT-3"
Cd3e 5'-TCCAGCCAATGCCTTTGC-3"' 5' -TGGAGATTACTTTTCAGTGCAGAA-3"'
Gsta3 5'-TAGAGATCGACGGGATGAAACT-3"' 5'-CAGATCCGCCACTCCTTCT-3'
Hmgcs2 5'-TGGTGGATGGGAAGCTGTCTA-3"' 5' -TTCTTGCGGTAGGCTGCATAG-3'
II18 5'-GACTCTTGCGTCAACTTCAAGG-3"' 5' -CAGGCTGTCTTTTGTCAACGA-3"
Mttp 5'-ATACAAGCTCACGTACTCCACT-3"' 5' -TCCACAGTAACACAACGTCCA-3"
Scarbl 5'-TTTGGAGTGGTAGTAAAAAGGG-3"' 5' -TGACATCAGGGACTCAGAGTAG-3"'
Scdl 5'-CCGGAGACCCTTAGATCGA-3" 5' -TAGCCTGTAAAAGATTTCTGCAAACC-3'
Slc25a20 5'-CCGAAACCCATCAGTCCGTTTAA-3' 5'-ACATAGGTGGCTGTCCAGACAA-3!
SUPPLEMENTARY TABLE 3
Genes showing a consistent differential expression in the small
intestine of C57Bl/6] mice in all weeks of diet intervention.
Fold change
Probe set ID Gene name Symbol wk 2 wk 4 wk 8
SI1 1416632_at malic enzyme, supernatant Mod1 11.24 8.28 7.01
1425137_a_ at histocompatibility 2, Q region locus 10 H2-Q10 8.11 9.00 8.46
1436169__at RIKEN cDNA C730029A08 gene C730029A08Rik 7.26 3.27 3.56

1424853_s_at cytochrome P450, family 4, subfamily a, polypeptide 10  Cyp4al0 6.02 6.45 7.01
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SUPPLEMENTARY TABLE 3-continued

Genes showing a consistent differential expression in the small
intestine of C57B/6] mice in all weeks of diet intervention.

Fold change
Probe set ID Gene name Symbol wk 2 wk 4 wk 8
1448700__at GO/G1 switch gene 2 GO0s2 5.43 5.35 9.25
1423858__a_at 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 Hmgces2 4.59 4.79 5.10
1449065__at acyl-CoA thioesterase 1 Acotl 3.71 4.38 6.63
1419622__at UDP glucuronosyltransferase 2 family, polypeptide B5 Ugt2b5 341 2.87 3.66
1415964 __at stearoyl-Coenzyme A desaturase 1 Scdl 3.29 3.25 1.68
1418538__at KDEL endoplasmic reticulum protein retention receptor ~ Kdelr3 2.95 4.00 2.99
1424167_a_ at phosphomannomutase 1 Pmm1 2.35 2.13 3.29
1433626_at phospholipid scramblase 4 Plscrd 2.31 2.75 3.76
1429286__at RIKEN ¢cDNA 1190003M12 gene 1190003M12Rik 1.42 1.79 5.82
1449907__at beta-carotene 15,15-monooxygenase Bemol -9.71 -14.52 -13.36
1418787_at mannose binding lectin (C) Mbl2 -5.50 -16.68 -8.11
1421840__at ATP-binding cassette, sub-family A, member 1 Abcal -3.18  -2.81 -2.31
1417651 _at cytochrome P450, family 2, subfamily ¢, polypeptide 29  Cyp2c29 -2.60 -3.16 -2.48
1435370_a_at carboxylesterase 3 Ces3 -2.33 -3.81 -2.99
SI2  1449065_at acyl-CoA thioesterase 1 Acotl 24.76 8.88 6.87
1424853_s_at cytochrome P450, family 4, subfamily a, polypeptide 10 ~ Cyp4alO 23.59 24.59 14.83
1416632__at malic enzyme, supernatant Modl1 18.00 16.00 8.75
1425137_a_at histocompatibility 2, Q region locus 10 H2-Q10 13.55 11.71 7.84
1449854 __at nuclear receptor subfamily 0, group B, member 2 NrOb2 12.21 3.68 2.89
1424266_s_at expressed sequence AU018778 AUO018778 6.77 6.54 4.59
1423858__a_at 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 Hmges2 6.50 7.67 4.66
1448700__at GO/G1 switch gene 2 GO0s2 6.28 7.62 8.94
1431688_at hypothetical LOC73899 LOC73899 5.94 2.01 4.56
1418538__at KDEL endoplasmic reticulum protein retention receptor ~ Kdelr3 5.58 4.59 4.20
1421040_a_ at glutathione S-transferase, alpha 2 (Yc2) Gsta2 5.10 3.03 2.57
1419692_a_ at leukotriene C4 synthase Lteds 4.82 3.76 3.76
1419618__at butyrobetaine (gamma), 2-oxoglutarate dioxygenase 1 Bbox1 4.76 5.46 3.89
1427347 _s_at tubulin, beta 2 Tubb2 4.69 4.17 2.69
1417812_a_at laminin, beta 3 Lamb3 4.66 4.06 3.53
1419622__at UDP glucuronosyltransferase 2 family, polypeptide BS Ugt2b5 4.35 4.20 4.00
1456558 _s_at expressed sequence C87977 C87977 4.35 2.91 271
1432790_at RIKEN ¢DNA 9030218A15 gene 9030218A15Rik 4.17 2.10 1.65
1423436__at glutathione S-transferase, alpha 3 Gsta3 4.08 3.46 3.56
1417415__at solute carrier family 6, member 3 Slc6a3 3.68 5.86 5.17
1418848__at aquaporin 7 Aqp7 3.66 3.39 4.32
1415964 __at stearoyl-Coenzyme A desaturase 1 Scdl 3.63 3.58 6.28
1430780_a_at phosphomannomutase 1 Pmml 3.63 4.03 2.11
1452277_at RIKEN cDNA 6330406P08 gene 6330406P08Rik 3.63 3.05 248
1429298 _ at dimethylarginine dimethylaminohydrolase 1 Ddahl 3.48 2.45 1.53
1459030__at — — 3.39 3.51 3.39
1424962__at transmembrane 4 superfamily member 4 Tm4sf4 3.36 3.32 251
1420673_a_at acyl-Coenzyme A oxidase 2, branched chain Acox2 3.01 2.87 2.33
1426452_a_at RAB30, member RAS oncogene family Rsb30 3.01 291 2.01
1448777_at minichromosome maintenance deficient 2 Mem?2 2.71 3.05 2.89
1433626__at phospholipid scramblase 4 Plscrd 2.71 4.08 5.17
1424502__at oncoprotein induced transcript 1 Oitl 2.62 3.29 2.10
1459059__at RIKEN ¢cDNA 2010308F09 gene 2010308F09Rik 2.11 5.39 1.28
1449907__at beta-carotene 15,15-monooxygenase Bemol -34.54 -3091 -19.84
1418787_at mannose binding lectin (C) Mbl2 -1432 -17.88  -8.00
1424265__at N-acetylneuraminate pyruvate lyase Npl -5.66 -6.77 -6.59
1416050_a_ at scavenger receptor class B, member 1 Scarbl -4.82 -4.17 -3.39
1450167__at RAB37, member of RAS oncogene family Rab37 -4.29  -3.16 -1.97
1450392__at ATP-binding cassette, sub-family A, member 1 Abcal -3.41 -2.60 -1.92
1434736__at hepatic leukemia factor HIf -3.27 =314 -2.62
1418382_at adenomatosis polyposis coli down-regulated 1 Apcddl -2.95 -3.25 -2.22
1436021_at RIKEN ¢cDNA A930031D07 gene A930031D07Rik -2.79  -245 -351
1416432_at 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 Ptkfb3 -241 -3.05 -327
1418979_at RIKEN ¢DNA 9030611N15 gene 903061 IN15Rik -236  -235  -217
1438610_a_at Crystallin, zeta Cryz -236 441 -1.58
1435370_a_at carboxylesterase 3 Ces3 -2.11 -3.01 -2.46
SI3  1418069_at apolipoprotein C-II Apoc2 11.08 8.06 9.00
1425137_a_at histocompatibility 2, Q region locus 10 H2-Q10 8.40 2.53 2.50
1422846__at retinol binding protein 2 Rbp2 343 2.28 3.10
1417761__at apolipoprotein A-IV Apoa4 3.16 2.17 3.20
1425233_at RIKEN ¢DNA 2210407C18 gene 2210407C18Rik 1.55 3.05 135
1449907__at beta-carotene 15,15-monooxygenase Bemol -3.63 =339 -230

May 5, 2011
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SUPPLEMENTARY TABLE 3-continued

Genes showing a consistent differential expression in the small
intestine of C57B1/6] mice in all weeks of diet intervention.

May 5, 2011

Fold change
Probe set ID Gene name Symbol wk 2 wk 4 wk 8
1424265__at N-acetylneuraminate pyruvate lyase Npl -2.38 -346 -2.17
1418174 __at D site albumin promoter binding protein Dbp -2.08 -343 -1.89
Consistent differential gene expression in the proximal (SI 1), middle (SI 2) and distal part of the small intestine (SI 3).
Fold changes are <-3.0 and >+3.0 in at least one week of diet intervention.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 59
<210> SEQ ID NO 1
<211> LENGTH: 1322
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 1
tcctcaaagg aggggcagag cctgcgcagg gcaggagcag ctggcccact ggcggeccge 60
aacactccgt ctcaccctet gggeccactg catctagagg agggccgtet gtgaggccac 120
tacccctcca gcaactggga ggtgggactg tcagaagctg gcccagggtg gtggtcaget 180
gggtcaggga cctacggcac ctgctggacc acctcgecctt ctccatcgaa gcagggaagt 240
gggagccteg agccctcggg tggaagctga ccccaagcca cccttcacct ggacaggatg 300
agagtgtcag gtgtgcttcg cctecectggece ctcatctttg ccatagtcac gacatggatg 360
tttattcgaa gctacatgag cttcagcatg aaaaccatcc gtctgccacg ctggctggea 420
gectegecca ccaaggagat ccaggttaaa aagtacaagt gtggcectcat caagccctge 480
ccagccaact actttgegtt taaaatctge agtggggcceg ccaacgtegt gggccctact 540
atgtgctttg aagaccgcat gatcatgagt cctgtgaaaa acaatgtggg cagaggccta 600
aacatcgcce tggtgaatgg aaccacggga gctgtgetgg gacagaaggce atttgacatg 660
tactctggag atgttatgca cctagtgaaa ttccttaaag aaattccggg gggtgcactg 720
gtgctggtgg cctectacga cgatccaggg accaaaatga acgatgaaag caggaaactce 780
ttctctgact tggggagttc ctacgcaaaa caactgggct tccgggacag ctgggtctte 840
ataggagcca aagacctcag gggtaaaagc ccctttgagc agttcttaaa gaacagccca 900
gacacaaaca aatacgaggg atggccagag ctgctggaga tggagggctg catgcccccg 960
aagccatttt agggtggctg tggctcttce tcagccaggg gcctgaagaa gctcectgect 1020
gacttaggag tcagagcccg gcaggggcetg aggaggagga gcagggggtg ctgegtggaa 1080
ggtgctgcag gtceccttgcac gectgtgtege gectetecte ctecggaaaca gaaccctcecce 1140
acagcacatc ctacccggaa gaccagcctce agagggtcect tcectggaacca gctgtcetgtg 1200
gagagaatgg ggtgctttcg tcagggactg ctgacggctg gtcctgagga aggacaaact 1260
gcccagactt gagcccaatt aaattttatt tttgctggtt ttgaatgaaa aaaaaaaaaa 1320
aa 1322



US 2011/0107439 Al

22

May 5, 2011

-continued
<210> SEQ ID NO 2
<211> LENGTH: 1460
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 2
tgcagcgcag gtgagctcte ctgaggacct ctcectgtcage tcecccctgatt gtagggagga 60
tccagtgtgg caagaaactc ctccagecca gcaagcaget caggatgtte ctgaaggecg 120
tggtectgac cctggecctg gtggetgteg ccggagecag ggetgaggte agtgctgace 180
aggtggecac ggtgatgtgg gactacttca gccagetgag caacaatgcec aaggaggcecg 240
tggaacatct ccagaaatct gaactcaccce agcaactcaa tgccctctte caggacaaac 300
ttggagaagt gaacacttac gcaggtgacc tgcagaagaa gctggtgcce tttgccaccg 360
agctgcatga acgectggec aaggactcgg agaaactgaa ggaggagatt gggaaggage 420
tggaggagcet gagggcccgg ctgctgecce atgccaatga ggtgagccag aagatcgggyg 480
acaacctgcg agagcttcag cagcgcctgg agecctacge ggaccagctg cgcacccagg 540
tcagcacgca ggccgagcag ctgcggcgcece agcetgaccce ctacgcacag cgcatggaga 600
gagtgctgeg ggagaacgcece gacagectge aggcecteget gaggcecccac gccgacgagce 660
tcaaggccaa gatcgaccag aacgtggagg agctcaaggg acgecttacg ccctacgetg 720
acgaattcaa agtcaagatt gaccagaccg tggaggagct gegecgcage ctggetcect 780
atgctcagga cacgcaggag aagctcaacc accagcettga gggectgace ttccagatga 840
agaagaacgc cgaggagctc aaggccagga tcteggecag tgccgaggag ctgcggcaga 900
ggctggegece cttggecgag gacgtgegtg gcaacctgag gggcaacacce gaggggctge 960
agaagtcact ggcagagctg ggtgggcacc tggaccagca ggtggaggag ttccgacgec 1020
gggtggagcce ctacggggaa aacttcaaca aagccctggt gcagcagatg gaacagctca 1080
ggcagaaact gggcccccat gcgggggacg tggaaggcca cttgagcttce ctggagaagg 1140
acctgaggga caaggtcaac tccttcecttca gcaccttcaa ggagaaagag agccaggaca 1200
agactctctce cctcecectgag ctggagcaac agcaggaaca gcagcaggag cagcagcagg 1260
agcaggtgea gatgetggece cctttggaga gctgagetge cectggtgca ctggecccac 1320
cctegtggac acctgcectg cecctgccacce tgtctgtetg tectgtcccaa agaagttcetg 1380
gtatgaactt gaggacacat gtccagtggg aggtgagacc acctctcaat attcaataaa 1440
gctgctgaga atctagccte 1460
<210> SEQ ID NO 3
<211> LENGTH: 753
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 3
gttgtggctg tggagcggaa gtgggtctca accactataa atcctctetg tgcccgtecg 60
gagctggtga ggacagcctg ccagagtctg gtctetggac actatgggca cacgactcect 120
cccagetetg tttettgtee tectggtatt gggatttgag gtccagggga cccaacagec 180
ccagcaagat gagatgccta gcccgacctt cctcacccag gtgaaggaat ctctctcecag 240
ttactgggag tcagcaaaga cagccgccca gaacctgtac gagaagacat acctgcccge 300
tgtagatgag aaactcaggg acttgtacag caaaagcaca gcagccatga gcacttacac 360
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aggcattttt actgaccaag ttctttctgt gctgaaggga gaggagtaac agccagaccce 420
cccatcagtg gacaagggga gagtccccta ctccectgat ceccccaggtt cagactgage 480
tcceccttec cagtagetet tgcatcctec teccaactet agectgaatt cttttcaata 540
aaaaatacaa ttcaagttgc ttctcatgga tggcactget tttctgagga ctcaagggcce 600
aagatggagg ggctgactca gtccagccaa catttaatga gcacctactt tatgtatgga 660
gctctaacee atgggtccat gggaataaag cagtgaatag taacaataaa taatcgtaac 720
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 753
<210> SEQ ID NO 4
<211> LENGTH: 851
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 4
cacttcaacc ggttgtecgece ccagtggceg ccctcectgage acgtgttact gccagtcetge 60
gtcagcgttg ggtaaataca tgactggcceg acgcegecgg gcggggctat ttaagagaca 120
gcegeceget ggtectecct gaacttgget cagctgecgg gcetgetecgg ttggaaacge 180
caagccagcet gegtectaat ccaaaagcca tgaacagcegg cgtgtgectg tgegtgetga 240
tggcggtact ggceggetgge gecctgacge agecggtgec teccgcagat cccgeggget 300

cecgggetgea gegggeagag gaggegecee gtaggcaget gagggtateg cagagaacgg 360

atggcgagtc ccgagcgcac ctgggcgccce tgctggcaag atacatccag caggcccgga 420
aagctcctte tggacgaatg tccatcgtta agaacctgca gaacctggac cccagccaca 480
ggataagtga ccgggactac atgggctgga tggattttgg ccgtcgcagt gccgaggagt 540
atgagtaccc ctcctagagg acccagccgce catcagccca acgggaagca acctcccaac 600
ccagaggagg cagaataaga aaacaatcac actcataact cattgtctgt ggagtttgac 660
attgtatgta tctatttatt aagttctcaa tgtgaaaaat gtgtctgtaa gattgtccag 720
tgcaaccaca cacctcacca gaattgtgca aatggaagac aaaatgtttt cttcatctgt 780
gactcctggt ctgaaaatgt tgttatgcta ttaaagtgat ttcattctga aaaaaaaaaa 840
aaaaaaaaaa a 851

<210> SEQ ID NO 5

<211> LENGTH: 1886

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 5

cgegeagecce cteeggecge gggcgeaged ggggegetgg tggagetgeg aagggccagg 60
teceggeggge ggggceggegyg ctggcactgg ctcecggacte tgcccggeca gggceggcgge 120
teccagecggg agggcgacgt ggageggeca cgtggagegg cccgggggag getggeggeg 180

ggaggcgagg cgcgggegge gcagcagceca ggagegcecca cggagctgga cccccagage 240

cgegeggege cgcageagtt ccaggaagga tgttaccttt gacgatgaca gtgttaatce 300
tgctgetget ceccacgggt caggetgcce caaaggatgg agtcacaagg ccagactetg 360
aagtgcagca tcagctectg cccaaccect tcecagecagg ccaggagcag cteggactte 420

tgcagagcta cctaaaggga ctaggaagga cagaagtgca actggagcat ctgagceggyg 480
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agcaggttet cctctaccte tttgccctece atgactatga ccagagtgga cagectggatg 540
gecctggaget getgteccatg ttgacagetg ctetggecce tggagetgece aactctecta 600
ccaccaaccce ggtgatattg atagtggaca aagtgctcga gacgcaggac ctgaatgggg 660
atgggctcat gacccctget gagctcatca acttcceggg agtagccctce aggcacgtgg 720
agcceggaga gecccttget ccatctecte aggagecaca agetgttgga aggcagtccce 780
tattagctaa aagcccatta agacaagaaa cacaggaagc ccctggtccc agagaagaag 840

caaagggcca ggtagaggcc agaagggagt ctttggatcc tgtccaggag cctgggggec 900
aggcagaggc tgatggagat gttccagggc ccagagggga agctgagggce caggcagagg 960
ctaaaggaga tgcccctggg cccagagggg aagctggggg ccaggcagag gctgaaggag 1020
atgcccccgg gcccagaggg gaagctgggg gccaggcaga ggccagggag aatggagagg 1080
aggccaagga acttccaggg gaaacactgg agtctaagaa cacccaaaat gactttgagg 1140
tgcacattgt tcaagtggag aatgatgaga tctagatctt gaagatacag gtaccccacg 1200
aagtctcagt gccagaacat aagccctgaa gtgggcaggg gaaatgtacg ctgggacaag 1260
gaccatctet gtgeccectg tectggtecca gtaggtatca ggtectttetg tgcagetcag 1320
ggagacccta agttaagggg cagattacca ataaagaact gaatgaattc atcccccegy 1380
geccacctete taccegtcca gectgcccag accctctcag aggaacgggg ttggggaccy 1440
aaaggacagg gatgccgect gcccagtgtt tctgggccte acggtgctece ggcagcagag 1500
cgcatggtge tagccatgge cggctgcaga ggacccagtg aggaaagctc agtctatccce 1560
tgggccccaa accctcaccg gtteccecte acctggtgtt cagacacccce atgctcetect 1620
gcagctcagg gcaggtgacc ccatccccag taatattaat catcactaga actttttgag 1680
agccttgtac acatcaggca tcatgctggg cattttatat atgattttat cctcacaata 1740
attctgtagc caagcagaat tggttccatt tgacagatga agaaattgag gcagattgcg 1800
ttaagtgctg taccctaagg tgatatgcag ctaattaaat ggcagatttg aaaaaaaaaa 1860
aaaaaaaaaa aaaaaaaaaa aaaaaa 1886
<210> SEQ ID NO 6

<211> LENGTH: 2157

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6

gctecccagee aagaacctcg gggccgcetge geggtgggga ggagttcccce gaaacccggce 60
cgctaagcga ggcctcctee tcccgcagat ccgaacggcece tgggcggggt caccccgget 120
gggacaagaa gccgcecgect gectgecegg geccggggdag ggggetgggg ctggggecegyg 180

aggcggggtg tgagtgggtyg tgtgeggggg gceggaggcett gatgcaatcce cgataagaaa 240

tgctegggtyg tettgggcac ctaccegtgg ggeccgtaag gegetactat ataaggetge 300
cggeceggag cegecgegee gtcagagcag gagegetgeg tccaggatct agggccacga 360
ccatcccaac ceggcactca cagccccgea gegeateeeg gtegecgece agectceccege 420

acccccateg ceggagetge gecgagagece ccagggaggt gecatgegga gegggtgtgt 480
ggtggtccac gtatggatce tggecggect ctggetggee gtggeeggge geeccectege 540

cttcteggac geggggecee acgtgecacta cggetgggge gaccccatee gectgeggea 600



US 2011/0107439 Al May 5, 2011
25

-continued
cctgtacacce tcecggeccee acgggctcte cagctgette ctgegcatce gtgccgacgg 660
cgtegtggac tgcgegeggg gcecagagege gcacagtttg ctggagatca aggcagtege 720
tectgcggacce gtggccatca agggcgtgca cagcgtgcegg tacctcectgca tgggcgccga 780
cggcaagatg caggggctgce ttcagtactc ggaggaagac tgtgcttteg aggaggagat 840
ccgeccagat ggctacaatg tgtaccgatce cgagaagcac cgectccegg tcteectgag 900
cagtgccaaa cagcggcagce tgtacaagaa cagaggcttt cttccactet ctcatttect 960

gcccatgetg cccatggtec cagaggagcece tgaggacctce aggggccact tggaatctga 1020
catgttctet tecgccecctgg agaccgacag catggaccca tttgggcttg tcaccggact 1080
ggaggccgtg aggagtccca gctttgagaa gtaactgaga ccatgcccgg gectcettcac 1140
tgctgccagg ggctgtggta cctgcagegt gggggacgtg cttctacaag aacagtcctg 1200
agtccacgtt ctgtttagct ttaggaagaa acatctagaa gttgtacata ttcagagttt 1260
tccattggca gtgccagttt ctagccaata gacttgtctg atcataacat tgtaagecctg 1320
tagcttgecece agetgctgece tgggccccca ttetgcectcece tecgaggttge tggacaaget 1380
gctgecactgt ctcagttcectg cttgaatacc tceccatcgatg gggaactcac ttectttgga 1440
aaaattctta tgtcaagctg aaattctcta attttttcte atcacttcec caggagcagce 1500
cagaagacag gcagtagttt taatttcagg aacaggtgat ccactctgta aaacagcagg 1560
taaatttcac tcaaccccat gtgggaattg atctatatct ctacttccag ggaccatttg 1620
ccctteccaa atccctccag gccagaactg actggagcag gcatggccca ccaggcttca 1680
ggagtagggg aagcctggag ccccactcca gccctgggac aacttgagaa ttccccctga 1740
ggccagttect gtcatggatg ctgtcctgag aataacttge tgtccecggtg tcacctgcett 1800
ccatctccca gecccaccage cctcectgeccca cctcacatge ctcecceccatgg attggggect 1860
cccaggeccce ccaccttatg tcaacctgca cttettgttc aaaaatcagg aaaagaaaag 1920
atttgaagac cccaagtctt gtcaataact tgctgtgtgg aagcagcggg ggaagaccta 1980
gaacccttte cccagcactt ggttttcecaa catgatattt atgagtaatt tattttgata 2040
tgtacatctc ttattttctt acattattta tgcccccaaa ttatatttat gtatgtaagt 2100
gaggtttgtt ttgtatatta aaatggagtt tgtttgtaaa aaaaaaaaaa aaaaaaa 2157
<210> SEQ ID NO 7

<211> LENGTH: 575

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

ggcactgctyg ccatgaatge cttectgete tccgcactgt gectecttgg ggectgggec 60
gecttggcag gaggggtcac cgtgcaggat ggaaatttcet ccttttetet ggagtcagtg 120
aagaagctca aagacctcca ggagcecccag gageccaggg ttgggaaact caggaacttt 180
gecacccatce ctggtgaace tgtggttcce atcctctgta gcaacccgaa ctttccagaa 240
gaactcaagc ctctetgcaa ggageccaat gcccaggaga tacttcagag getggaggaa 300
atcgetgagg accegggcac atgtgaaatce tgtgectacg ctgectgtac cggatgctag 360
gggggcttge ccactgectg cctecectee gcagcaggga agetcetttte tectgcagaa 420

agggccacce atgatactcce actcccagca gctcaaccta cectggteca gtegggagga 480
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gecagcceggg gaggaactgg gtgactggag gectegeccece aacactgtcce ttecctgeca 540
cttcaacccce cagctaataa accagattcc agagt 575
<210> SEQ ID NO 8
<211> LENGTH: 878
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 8
cagattttca ggttgattga tgtgggacag cagccacaat gaggaactcc tatagattte 60
tggcatccte tcectctcagtt gtegtttete tcctgctaat tecctgaagat gtcectgtgaaa 120
aaattattgg aggaaatgaa gtaactcctc attcaagacc ctacatggtc ctacttagtce 180
ttgacagaaa aaccatctgt gctggggctt tgattgcaaa agactgggtg ttgactgcag 240
ctcactgtaa cttgaacaaa aggtcccagg tcattcttgg ggctcactca ataaccaggg 300
aagagccaac aaaacagata atgcttgtta agaaagagtt tccctatcca tgctatgacc 360
cagccacacg cgaaggtgac cttaaacttt tacagctgac ggaaaaagca aaaattaaca 420
aatatgtgac tatccttcat ctacctaaaa agggggatga tgtgaaacca ggaaccatgt 480
gccaagttge agggtggggg aggactcaca atagtgcatc ttggtccgat actctgagag 540
aagtcaatat caccatcata gacagaaaag tctgcaatga tcgaaatcac tataatttta 600
accctgtgat tggaatgaat atggtttgtg ctggaagcct ccgaggtgga agagactcgt 660
gcaatggaga ttctggaagc cctttgttgt gecgagggtgt tttccgaggg gtcacttect 720
ttggccttga aaataaatgc ggagaccctce gtgggectgg tgtctatatt cttctctcaa 780
agaaacacct caactggata attatgacta tcaagggagc agtttaaata accgtttcct 840
ttcatttact gtggcttctt aatcttttca caaataaa 878
<210> SEQ ID NO 9
<211> LENGTH: 1578
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 9
agtgtggtac tttgtcttga ggagatgtcc tggactcaca cggaaactta gggctacgga 60
atgaagttct cactcccatt aggtgacagg tttttagaga agccaatcag cgtcgecgeg 120
gtecctggtte taaagtcctce gectcacccac ccggactcat tctccccaga cgccaaggat 180
ggtggtcatg gcgccccgaa ccctettect getgetceteg ggggcectga cectgaccega 240
gacctgggeg ggcteccact ccatgaggta tttcagegec geegtgtcce ggeccggecyg 300
cggggagcce cgcttcateg ccatgggcta cgtggacgac acgcagtteg tgcggttcega 360

cagcgactceg gegtgtecga ggatggagec gegggegeceg tgggtggage aggaggggec 420

ggagtattgg gaagaggaga cacggaacac caaggcccac gcacagactg acagaatgaa 480
cctgeagace ctgegegget actacaacca gagcgaggece agttctcaca ccctccagtyg 540
gatgattgge tgcgacctgg ggtccgacgg acgcctecte cgegggtatyg aacagtatge 600
ctacgatgge aaggattacc tcgccctgaa cgaggacctg cgcetcectgga ccgcagcgga 660
cactgcgget cagatctcca agcgcaagtyg tgaggeggece aatgtggetg aacaaaggag 720

agcctacctyg gagggcacgt gegtggagtg gectcecacaga tacctggaga acgggaagga 780



US 2011/0107439 Al May 5, 2011
27

-continued
gatgctgecag cgcgeggacce cccccaagac acacgtgacce caccaccctg tcetttgacta 840
tgaggccacce ctgaggtget gggeccctggg cttcectaccct geggagatca tactgacctyg 900

gcagcgggat ggggaggacc agacccagga cgtggagctc gtggagacca ggectgcagg 960
ggatggaacc ttccagaagt gggcagcetgt ggtggtgect tctggagagg agcagagata 1020
cacgtgccat gtgcagcatg aggggctgcc ggagccectce atgctgagat ggaagcagtce 1080
ttcectgeee accatccecca tcatgggtat cgttgcetgge ctggttgtec ttgcagetgt 1140
agtcactgga gctgcggteg ctgctgtget gtggagaaag aagagctcag attgaaaagg 1200
agggagctac tctcaggctg caatgtgaaa cagctgccect gtgtgggact gagtggcaag 1260
tcectttgtyg acttcaagaa ccctgactte tectttgtgca gagaccagec cacccectgtg 1320
cccaccatga ccctettect catgctgaac tgcattcctt ccccaatcac ctttectgtt 1380
ccagaaaagg ggctgggatg tctccgtcte tgtctcaaat ttgtggtcca ctgagctata 1440
acttacttct gtattaaaat tagaatctga gtataaattt actttttcaa attatttcca 1500
agagagattg atgggttaat taaaggagaa gattcctgaa atttgagaga caaaataaat 1560
ggaagacatg agaacttt 1578
<210> SEQ ID NO 10

<211> LENGTH: 948

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

cacacacctt aaccctgact ttttttgcte cagtttttca gaagaagtga agtcaagatg 60
aagaaccatt tgcttttectg gggagtcctg geggttttta ttaaggectgt tcatgtgaaa 120
gcccaagaag atgaaaggat tgttcttgtt gacaacaaat gtaagtgtgce ccggattact 180
tccaggatca tccgttctte cgaagatcct aatgaggaca ttgtggagag aaacatccga 240
attattgttc ctctgaacaa cagggagaat atctctgatc ccacctcacc attgagaacc 300
agatttgtgt accatttgtc tgacctctgt aaaaaatgtg atcctacaga agtggagcetg 360
gataatcaga tagttactgc tacccagagc aatatctgtg atgaagacag tgctacagag 420
acctgctaca cttatgacag aaacaagtgc tacacagctg tggtcccact cgtatatggt 480
ggtgagacca aaatggtgga aacagcctta accccagatg cctgctatcc tgactaattt 540
aagtcattgc tgactgcata gctcttttte ttgagaggct ctccattttg attcagaaag 600
ttagcatatt tattaccaat gaatttgaaa ccagggcttt tttttttttt ttgggtgatg 660
taaaaccaac tccctgccac caaaataatt aaaatagtca cattgttatc tttattaggt 720
aatcacttct taattatatg ttcatactct aagtatcaaa atcttccaat tatcatgctce 780
acctgaaaga ggtatgctct cttaggaata cagtttctag cattaaacaa ataaacaagg 840
ggagaaaata aaactcaagg agtgaaaatc aggaggtgta ataaaatgtt cctcgcattce 900
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaa 948

<210> SEQ ID NO 11

<211> LENGTH: 947

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 11
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ccatccctga gatcttttta taaaaaaccc agtctttgct gaccagacaa agcataccag 60
atctcaccag agagtcctag gggactacag aaggaaaaag acaagaggca gtaggatatc 120
tgtgtgtcct ccecgetgacce acacttcctt tagtgaccceg attgectcect caagtcgcag 180
acactatgct gcctcccatg gecectgecca gtgtgtectg gatgetgett tcctgectca 240
ttctectgtg tcaggttcaa ggtgaagaaa cccagaagga actgccctet ccacggatca 300
gctgtcccaa aggctccaag gectatgget cccectgcta tgccttgttt ttgtcaccaa 360
aatcctggat ggatgcagat ctggcttgcc agaagcggec ctctggaaaa ctggtgtcetg 420
tgctcagtgg ggctgaggga tccttcegtgt cctceccctggt gaggagcatt agtaacagcet 480
attcatacat ctggattggg ctccatgacc ccacacaggg ctctgagcct gatggagatg 540
gatgggagtg gagtagcact gatgtgatga attactttgc atgggagaaa aatccctcca 600
ccatcttaaa ccctggccac tgtgggagcc tgtcaagaag cacaggattt ctgaagtgga 660
aagattataa ctgtgatgca aagttaccct atgtctgcaa gttcaaggac tagggcaggt 720
gggaagtcag cagcctgagce ttggcegtgca gctcatcatg gacatgagac cagtgtgaag 780
actcaccctg gaagagaata ttctccccaa actgccctac ctgactacct tgtcatgatce 840
ctcecttettt ttecttttte ttcaccttca tttcaggett ttetetgtet tcecatgtett 900
gagatctcag agaataataa taaaaatgtt actttatacg taaaaaa 947
<210> SEQ ID NO 12
<211> LENGTH: 847
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 12
ccatccctga gatcttttta taaaaaaccc agtctttgct gaccagacaa agcataccag 60
atctcaccag agagtcgcag acactatgct gcctcccatg gecctgccca gtgtgtectg 120
gatgctgett tcctgectca ttetcectgtyg tcaggttcaa ggtgaagaaa cccagaagga 180
actgcectet ccacggatca gctgtcccaa aggctccaag gectatgget cccectgceta 240
tgccttgttt ttgtcaccaa aatcctggat ggatgcagat ctggecttgec agaagcggec 300
ctctggaaaa ctggtgtctyg tgctcagtgg ggctgaggga tcecttegtgt ccteectggt 360
gaggagcatt agtaacagct attcatacat ctggattggg ctccatgacc ccacacaggyg 420
ctctgagcct gatggagatg gatgggagtg gagtagcact gatgtgatga attactttgce 480
atgggagaaa aatccctcca ccatcttaaa ccctggecac tgtgggagec tgtcaagaag 540
cacaggattt ctgaagtgga aagattataa ctgtgatgca aagttaccct atgtctgcaa 600
gttcaaggac tagggcaggt gggaagtcag cagcctgagce ttggegtgca gctcatcatg 660
gacatgagac cagtgtgaag actcaccctg gaagagaata ttctccccaa actgccctac 720
ctgactacct tgtcatgatc ctccttettt ttecttttte ttcaccttca tttcaggett 780
ttctetgtet teccatgtett gagatctcag agaataataa taaaaatgtt actttatact 840
taaaaaa 847

<210> SEQ ID NO 13

<211> LENGTH: 1069

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
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<400> SEQUENCE: 13

gccectggag gaactgaacc cactateggt catggggcecg agactaaatg tggegggttg 60
tctttaatet gectgccaaga ggaaactcat tcaggcaagt tcagcccttt atgaggaatt 120
cceetgtggt cacattcecaa ttcoctggacce tgctgccacce ctcagaactg catgctcectt 180
cttcagactt tctaagaatg actcaggtca ttggtggagt gaagtcaaga tttccaacte 240
agtcacctga agagatggag ataccattca tggagctgga ggtccctgga gatttgggaa 300
ttcagataac aagctaagat aaggagtttg cctacctctg tcctagageg aagcctgagce 360
cttgggegeg cagcacacca caagtatctg ttactgtgtt ttgcagaage ttcaggcggg 420
gatataagcce ccacaaggaa agcgctgage agaggaggcec tcagcttgac ctgcggcagt 480
gcagcecttg ggacttecct cgecttecac ctectgeteg tetgettcac aagcetatege 540
tatggtgttc gtgcgcagge cgtggcccge cttgaccaca gtgcettetgg ccctgetegt 600
ctgectaggg gegctggteg acgcctacece catcaaacce gaggctccecce gcgaagacgce 660
ctcgecggag gagctgaacce gctactacge ctcecctgege cactacctceca acctggtcac 720
ccggcagegyg tatgggaaaa gagacggccec ggacacgctt ctttccaaaa cgttcttcecce 780

cgacggegag gaccgecceg tcaggtegeg gteggaggge ccagacctgt ggtgaggace 840
cctgaggect cctgggagat ctgccaacca cgeccacgte atttgcatac gcactcccga 900
cceccagaaac ceggattetg ccteccgacyg geggegtetg ggcagggtte gggtgeggee 960
ctecegecege gteteggtge cccegeccee tgggctggag ggctgtgtgt ggtcecttece 1020
tggtcccaaa ataaagagca aattccacag aaaaaaaaaa aaaaaaaaa 1069
<210> SEQ ID NO 14

<211> LENGTH: 808

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 14

gatataaagc tcctacaget acctggectg agaagccaac tcagactcag ccaacagaga 60
ttgttgattt gectcttaag caagagattce attgcagetce agcatggete agaccagetce 120
atacttcatg ctgatctcct gectgatgtt tctgtctcag agccaaggece aagaggccca 180
gacagagttg ccccaggecce ggatcagetg cccagaagge accaatgect atcgcetcecta 240
ctgctactac tttaatgaag accgtgagac ctgggttgat gcagatctct attgccagaa 300
catgaatteg ggcaacctgg tgtctgtget cacccaggec gagggtgect ttgtggecte 360
actgattaag gagagtggca ctgatgactt caatgtctgg attggectcce atgaccccaa 420
aaagaaccgc cgctggcact ggagcagtgg gtecectggte tectacaagt cctggggeat 480
tggagcceca agcagtgtta atcctggeta ctgtgtgage ctgacctcaa gcacaggatt 540
ccagaaatgg aaggatgtgc cttgtgaaga caagttctece tttgtctgca agttcaaaaa 600
ctagaggcaa ctggaaaata catgtctaga actgatccag caattacaac ggagtcaaaa 660
attaaaccgg accatctctce caactcaact caacctggac actctcettet ctgctgagtt 720
tgccttgtta atcttcaata gttttaccta ccccagtett tggaacccta aataataaaa 780

ataaacatgt ttccactatt gtgctgtce 808
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<210> SEQ ID NO 15
<211> LENGTH: 807
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 15
aaaccatacc atatcccacc agagagtgac tcctgattge ctectcaagt cgcagacact 60
atgctgectce ccatggccct geccagtgta tcecttggatge tgetttectg cctcatgetg 120
ctgtctcagg ttcaaggtga agaaccccag agggaactgc cctctgcacg gatcegetgt 180
cccaaaggct ccaaggccta tggctcccac tgctatgect tgtttttgtce accaaaatcce 240
tggacagatg cagatctggc ctgccagaag cggccctctg gaaacctggt gtctgtgcete 300
agtggggctg agggatcctt cgtgtcctcce ctggtgaaga gcattggtaa cagctactca 360
tacgtctgga ttgggctcca tgaccccaca cagggcaccg agcccaatgg agaaggttgg 420
gagtggagta gcagtgatgt gatgaattac tttgcatggg agagaaatcc ctccaccatc 480
tcaagccceg gecactgtge gagectgteg agaagcacag catttctgag gtggaaagat 540
tataactgta atgtgaggtt accctatgtc tgcaagttca ctgactagtg caggagggaa 600
gtcagcagee tgtgtttggt gtgcaactca tcatgggcat gagaccagtg tgaggactca 660
ccctggaaga gaatattcge ttaattcccece caacctgacc acctcattet tatctttett 720
ctgtttectte ctcccegetyg tcatttcagt ctcttcattt tgtcatacgg cctaaggett 780
taaagagcaa taaaattttt agtctgce 807
<210> SEQ ID NO 16
<211> LENGTH: 784
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 16
aaaccatacc atatcccacc agagagtcgc agacactatg ctgcctccca tggcectgec 60
cagtgtatct tggatgctge tttcctgecct catgetgetg tctcaggttce aaggtgaaga 120
accccagagg gaactgccct ctgcacggat ccgctgtcec aaaggctcca aggectatgg 180
ctcccactge tatgeccttgt ttttgtcacc aaaatcctgg acagatgcag atctggectg 240
ccagaagcgg ccctctggaa acctggtgte tgtgctcagt ggggctgagg gatccttegt 300
gtecctcectg gtgaagagca ttggtaacag ctactcatac gtctggattg ggctccatga 360
ccccacacag ggcaccgagce ccaatggaga aggttgggag tggagtagca gtgatgtgat 420
gaattacttt gcatgggaga gaaatccctc caccatctca agcccecggcce actgtgcgag 480
cctgtcgaga agcacagcat ttctgaggtg gaaagattat aactgtaatg tgaggttacc 540
ctatgtctgce aagttcactg actagtgcag gagggaagtc agcagcctgt gtttggtgtg 600
caactcatca tgggcatgag accagtgtga ggactcaccc tggaagagaa tattcgctta 660
attcccceccaa cctgaccacce tcattcttat ctttettetg tttettecte ccecgetgtcea 720
tttcagtctc ttcattttgt catacggcct aaggctttaa agagcaataa aatttttagt 780
ctge 784

<210> SEQ ID NO 17
<211> LENGTH: 1002

<212> TYPE:

DNA

<213> ORGANISM: homo sapiens
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<400> SEQUENCE: 17
gggagggtcce cttcctcagg gagcacagga actctgagac tcagcaaggg tgtcctggga 60
gggctcgggg atgggagagt acacagattc acaactcatt cagaactgta gaagatgatg 120
gatgtgacca agatcacttt agtcctaggg gactagagaa ggaaaatgac atgaggcagt 180
ggggtatctyg tgtgttetece cactgaccac getttcettta gtgactectyg attgectect 240
caagtcgecag acactatgcet gectcccatg geectgecca gtgtatcettg gatgetgett 300
tcetgectea tgetgetgte tcaggttcaa ggtgaagaac cccagaggga actgecctet 360
gcacggatcce gctgteccaa aggctccaag gectatgget cccactgeta tgeettgttt 420
ttgtcaccaa aatcctggac agatgcagat ctggectgec agaageggcec ctctggaaac 480
ctggtgtetyg tgctcagtgg ggctgaggga tcecttegtgt cctecctggt gaagagcatt 540
ggtaacagct actcatacgt ctggattggg ctccatgacc ccacacaggg caccgagccc 600
aatggagaag gttgggagtg gagtagcagt gatgtgatga attactttgc atgggagaga 660
aatccctecca ccatctcaag ccccggecac tgtgcgagece tgtcgagaag cacagcattt 720
ctgaggtgga aagattataa ctgtaatgtg aggttaccct atgtctgcaa gttcactgac 780
tagtgcagga gggaagtcag cagcctgtgt ttggtgtgea actcatcatg ggcatgagac 840
cagtgtgagg actcaccctg gaagagaata ttegettaat tcccccaace tgaccaccte 900
attcttatct ttecttetgtt tecttectecee cgctgtcatt tcagtctett cattttgtcea 960
tacggcctaa ggctttaaag agcaataaaa tttttagtct gce 1002
<210> SEQ ID NO 18
<211> LENGTH: 1285
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 18
ataagacttt tatggatgga ttgtttttct caaataatat tatcgctttg tgactaaagt 60
aaagattatt aattcctgag gcaagaagat ataaaagctc cagaaacgtt gactgggacc 120
actggagaca ctgaagaagg caggggccct tagagtettg gttgccaaac agatttgcag 180
atcaaggaga acccaggagt ttcaaagaag cgctagtaag gtctctgaga tccttgcact 240
agctacatce tcagggtagg aggaagatgg cttccagaag catgeggetg ctectattge 300
tgagctgect ggccaaaaca ggagtcctgg gtgatatcat catgagacce agetgtgete 360
ctggatggtt ttaccacaag tccaattgct atggttactt caggaagetg aggaactggt 420
ctgatgecga getcgagtgt cagtcttacyg gaaacggage ccacctggca tctatcctga 480
gtttaaagga agccagcacc atagcagagt acataagtgg ctatcagaga agccagccga 540
tatggattgg cctgcacgac ccacagaaga ggcagcagtg gcagtggatt gatggggcca 600
tgtatctgta cagatcctgg tctggcaagt ccatgggtgg gaacaagcac tgtgctgaga 660
tgagctccaa taacaacttt ttaacttgga gcagcaacga atgcaacaag cgccaacact 720
tcectgtgecaa gtaccgacca tagagcaaga atcaagattce tgctaactce tgcacagecc 780
cgtectette ctttetgeta gectggetaa atctgetcat tatttcagag gggaaaccta 840
gcaaactaag agtgataagg gccctactac actggcetttt ttaggcttag agacagaaac 900

tttagcattyg geccagtagt ggcttctage tctaaatgtt tgecccgeca teecttteca 960
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cagtatcctt cttceccteect cccctgtcecte tggectgtete gagcagtcta gaagagtgca 1020
tctccagect atgaaacagce tgggtctttg gccataagaa gtaaagattt gaagacagaa 1080
ggaagaaact caggagtaag cttctagacc ccttcagctt ctacaccctt ctgccctcete 1140
tccattgect gecaccccacce ccagccacte aactectget tgtttttect ttggcecatag 1200
gaaggtttac cagtagaatc cttgctaggt tgatgtgggc catacattcc tttaataaac 1260
cattgtgtac ataagaaaaa aaaaa 1285
<210> SEQ ID NO 19

<211> LENGTH: 224

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 19

Met Arg Val Ser Gly Val Leu Arg Leu Leu Ala Leu Ile Phe Ala Ile
1 5 10 15

Val Thr Thr Trp Met Phe Ile Arg Ser Tyr Met Ser Phe Ser Met Lys
20 25 30

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

Tyr Phe Ala Phe Lys Ile Cys Ser Gly Ala Ala Asn Val Val Gly Pro
65 70 75 80

Thr Met Cys Phe Glu Asp Arg Met Ile Met Ser Pro Val Lys Asn Asn
85 90 95

Val Gly Arg Gly Leu Asn Ile Ala Leu Val Asn Gly Thr Thr Gly Ala
100 105 110

Val Leu Gly Gln Lys Ala Phe Asp Met Tyr Ser Gly Asp Val Met His
115 120 125

Leu Val Lys Phe Leu Lys Glu Ile Pro Gly Gly Ala Leu Val Leu Val
130 135 140

Ala Ser Tyr Asp Asp Pro Gly Thr Lys Met Asn Asp Glu Ser Arg Lys
145 150 155 160

Leu Phe Ser Asp Leu Gly Ser Ser Tyr Ala Lys Gln Leu Gly Phe Arg
165 170 175

Asp Ser Trp Val Phe Ile Gly Ala Lys Asp Leu Arg Gly Lys Ser Pro
180 185 190

Phe Glu Gln Phe Leu Lys Asn Ser Pro Asp Thr Asn Lys Tyr Glu Gly
195 200 205

Trp Pro Glu Leu Leu Glu Met Glu Gly Cys Met Pro Pro Lys Pro Phe
210 215 220

<210> SEQ ID NO 20

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 20

Met Phe Leu Lys Ala Val Val Leu Thr Leu Ala Leu Val Ala Val Ala
1 5 10 15

Gly Ala Arg Ala Glu Val Ser Ala Asp Gln Val Ala Thr Val Met Trp
20 25 30
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Asp Tyr Phe Ser Gln Leu Ser Asn Asn Ala Lys Glu Ala Val Glu His
35 40 45

Leu Gln Lys Ser Glu Leu Thr Gln Gln Leu Asn Ala Leu Phe Gln Asp
50 55 60

Lys Leu Gly Glu Val Asn Thr Tyr Ala Gly Asp Leu Gln Lys Lys Leu
65 70 75 80

Val Pro Phe Ala Thr Glu Leu His Glu Arg Leu Ala Lys Asp Ser Glu
85 90 95

Lys Leu Lys Glu Glu Ile Gly Lys Glu Leu Glu Glu Leu Arg Ala Arg
100 105 110

Leu Leu Pro His Ala Asn Glu Val Ser Gln Lys Ile Gly Asp Asn Leu
115 120 125

Arg Glu Leu Gln Gln Arg Leu Glu Pro Tyr Ala Asp Gln Leu Arg Thr
130 135 140

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

Ala Gln Arg Met Glu Arg Val Leu Arg Glu Asn Ala Asp Ser Leu Gln
165 170 175

Ala Ser Leu Arg Pro His Ala Asp Glu Leu Lys Ala Lys Ile Asp Gln
180 185 190

Asn Val Glu Glu Leu Lys Gly Arg Leu Thr Pro Tyr Ala Asp Glu Phe
195 200 205

Lys Val Lys Ile Asp Gln Thr Val Glu Glu Leu Arg Arg Ser Leu Ala
210 215 220

Pro Tyr Ala Gln Asp Thr Gln Glu Lys Leu Asn His Gln Leu Glu Gly
225 230 235 240

Leu Thr Phe Gln Met Lys Lys Asn Ala Glu Glu Leu Lys Ala Arg Ile
245 250 255

Ser Ala Ser Ala Glu Glu Leu Arg Gln Arg Leu Ala Pro Leu Ala Glu
260 265 270

Asp Val Arg Gly Asn Leu Arg Gly Asn Thr Glu Gly Leu Gln Lys Ser
275 280 285

Leu Ala Glu Leu Gly Gly His Leu Asp Gln Gln Val Glu Glu Phe Arg
290 295 300

Arg Arg Val Glu Pro Tyr Gly Glu Asn Phe Asn Lys Ala Leu Val Gln
305 310 315 320

Gln Met Glu Gln Leu Arg Gln Lys Leu Gly Pro His Ala Gly Asp Val
325 330 335

Glu Gly His Leu Ser Phe Leu Glu Lys Asp Leu Arg Asp Lys Val Asn
340 345 350

Ser Phe Phe Ser Thr Phe Lys Glu Lys Glu Ser Gln Asp Lys Thr Leu
355 360 365

Ser Leu Pro Glu Leu Glu Gln Gln Gln Glu Gln Gln Gln Glu Gln Gln
370 375 380

Gln Glu Gln Val Gln Met Leu Ala Pro Leu Glu Ser
385 390 395

<210> SEQ ID NO 21

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: homo sapiens
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<400> SEQUENCE: 21

Met Gly Thr Arg Leu Leu Pro Ala Leu Phe Leu Val Leu Leu Val Leu
1 5 10 15

Gly Phe Glu Val Gln Gly Thr Gln Gln Pro Gln Gln Asp Glu Met Pro
20 25 30

Ser Pro Thr Phe Leu Thr Gln Val Lys Glu Ser Leu Ser Ser Tyr Trp
35 40 45

Glu Ser Ala Lys Thr Ala Ala Gln Asn Leu Tyr Glu Lys Thr Tyr Leu
50 55 60

Pro Ala Val Asp Glu Lys Leu Arg Asp Leu Tyr Ser Lys Ser Thr Ala
65 70 75 80

Ala Met Ser Thr Tyr Thr Gly Ile Phe Thr Asp Gln Val Leu Ser Val
85 90 95

Leu Lys Gly Glu Glu
100

<210> SEQ ID NO 22

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 22

Met Asn Ser Gly Val Cys Leu Cys Val Leu Met Ala Val Leu Ala Ala
1 5 10 15

Gly Ala Leu Thr Gln Pro Val Pro Pro Ala Asp Pro Ala Gly Ser Gly
20 25 30

Leu Gln Arg Ala Glu Glu Ala Pro Arg Arg Gln Leu Arg Val Ser Gln
35 40 45

Arg Thr Asp Gly Glu Ser Arg Ala His Leu Gly Ala Leu Leu Ala Arg
50 55 60

Tyr Ile Gln Gln Ala Arg Lys Ala Pro Ser Gly Arg Met Ser Ile Val
65 70 75 80

Lys Asn Leu Gln Asn Leu Asp Pro Ser His Arg Ile Ser Asp Arg Asp
85 90 95

Tyr Met Gly Trp Met Asp Phe Gly Arg Arg Ser Ala Glu Glu Tyr Glu
100 105 110

Tyr Pro Ser
115

<210> SEQ ID NO 23

<211> LENGTH: 301

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 23

Met Leu Pro Leu Thr Met Thr Val Leu Ile Leu Leu Leu Leu Pro Thr
1 5 10 15

Gly Gln Ala Ala Pro Lys Asp Gly Val Thr Arg Pro Asp Ser Glu Val
20 25 30

Gln His Gln Leu Leu Pro Asn Pro Phe Gln Pro Gly Gln Glu Gln Leu
35 40 45

Gly Leu Leu Gln Ser Tyr Leu Lys Gly Leu Gly Arg Thr Glu Val Gln
50 55 60

Leu Glu His Leu Ser Arg Glu Gln Val Leu Leu Tyr Leu Phe Ala Leu
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65 70 75 80

His Asp Tyr Asp Gln Ser Gly Gln Leu Asp Gly Leu Glu Leu Leu Ser
85 90 95

Met Leu Thr Ala Ala Leu Ala Pro Gly Ala Ala Asn Ser Pro Thr Thr
100 105 110

Asn Pro Val Ile Leu Ile Val Asp Lys Val Leu Glu Thr Gln Asp Leu
115 120 125

Asn Gly Asp Gly Leu Met Thr Pro Ala Glu Leu Ile Asn Phe Pro Gly
130 135 140

Val Ala Leu Arg His Val Glu Pro Gly Glu Pro Leu Ala Pro Ser Pro
145 150 155 160

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

Leu Arg Gln Glu Thr Gln Glu Ala Pro Gly Pro Arg Glu Glu Ala Lys
180 185 190

Gly Gln Val Glu Ala Arg Arg Glu Ser Leu Asp Pro Val Gln Glu Pro
195 200 205

Gly Gly Gln Ala Glu Ala Asp Gly Asp Val Pro Gly Pro Arg Gly Glu
210 215 220

Ala Glu Gly Gln Ala Glu Ala Lys Gly Asp Ala Pro Gly Pro Arg Gly
225 230 235 240

Glu Ala Gly Gly Gln Ala Glu Ala Glu Gly Asp Ala Pro Gly Pro Arg
245 250 255

Gly Glu Ala Gly Gly Gln Ala Glu Ala Arg Glu Asn Gly Glu Glu Ala
260 265 270

Lys Glu Leu Pro Gly Glu Thr Leu Glu Ser Lys Asn Thr Gln Asn Asp
275 280 285

Phe Glu Val His Ile Val Gln Val Glu Asn Asp Glu Ile
290 295 300

<210> SEQ ID NO 24

<211> LENGTH: 216

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 24

Met Arg Ser Gly Cys Val Val Val His Val Trp Ile Leu Ala Gly Leu
1 5 10 15

Trp Leu Ala Val Ala Gly Arg Pro Leu Ala Phe Ser Asp Ala Gly Pro
20 25 30

His Val His Tyr Gly Trp Gly Asp Pro Ile Arg Leu Arg His Leu Tyr
Thr Ser Gly Pro His Gly Leu Ser Ser Cys Phe Leu Arg Ile Arg Ala
50 55 60

Asp Gly Val Val Asp Cys Ala Arg Gly Gln Ser Ala His Ser Leu Leu
65 70 75 80

Glu Ile Lys Ala Val Ala Leu Arg Thr Val Ala Ile Lys Gly Val His
85 90 95

Ser Val Arg Tyr Leu Cys Met Gly Ala Asp Gly Lys Met Gln Gly Leu
100 105 110

Leu Gln Tyr Ser Glu Glu Asp Cys Ala Phe Glu Glu Glu Ile Arg Pro
115 120 125
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Asp Gly Tyr Asn Val Tyr Arg Ser Glu Lys His Arg Leu Pro Val Ser
130 135 140

Leu Ser Ser Ala Lys Gln Arg Gln Leu Tyr Lys Asn Arg Gly Phe Leu
145 150 155 160

Pro Leu Ser His Phe Leu Pro Met Leu Pro Met Val Pro Glu Glu Pro
165 170 175

Glu Asp Leu Arg Gly His Leu Glu Ser Asp Met Phe Ser Ser Pro Leu
180 185 190

Glu Thr Asp Ser Met Asp Pro Phe Gly Leu Val Thr Gly Leu Glu Ala
195 200 205

Val Arg Ser Pro Ser Phe Glu Lys
210 215

<210> SEQ ID NO 25

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 25

Met Asn Ala Phe Leu Leu Ser Ala Leu Cys Leu Leu Gly Ala Trp Ala
1 5 10 15

Ala Leu Ala Gly Gly Val Thr Val Gln Asp Gly Asn Phe Ser Phe Ser
20 25 30

Leu Glu Ser Val Lys Lys Leu Lys Asp Leu Gln Glu Pro Gln Glu Pro
35 40 45

Arg Val Gly Lys Leu Arg Asn Phe Ala Pro Ile Pro Gly Glu Pro Val
Val Pro Ile Leu Cys Ser Asn Pro Asn Phe Pro Glu Glu Leu Lys Pro
65 70 75 80

Leu Cys Lys Glu Pro Asn Ala Gln Glu Ile Leu Gln Arg Leu Glu Glu
85 90 95

Ile Ala Glu Asp Pro Gly Thr Cys Glu Ile Cys Ala Tyr Ala Ala Cys
100 105 110

Thr Gly Cys
115

<210> SEQ ID NO 26

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 26

Met Arg Asn Ser Tyr Arg Phe Leu Ala Ser Ser Leu Ser Val Val Val
1 5 10 15

Ser Leu Leu Leu Ile Pro Glu Asp Val Cys Glu Lys Ile Ile Gly Gly
20 25 30

Asn Glu Val Thr Pro His Ser Arg Pro Tyr Met Val Leu Leu Ser Leu
35 40 45

Asp Arg Lys Thr Ile Cys Ala Gly Ala Leu Ile Ala Lys Asp Trp Val
50 55 60

Leu Thr Ala Ala His Cys Asn Leu Asn Lys Arg Ser Gln Val Ile Leu
65 70 75 80

Gly Ala His Ser Ile Thr Arg Glu Glu Pro Thr Lys Gln Ile Met Leu



US 2011/0107439 Al May 5, 2011
37

-continued

Val Lys Lys Glu Phe Pro Tyr Pro Cys Tyr Asp Pro Ala Thr Arg Glu
100 105 110

Gly Asp Leu Lys Leu Leu Gln Leu Thr Glu Lys Ala Lys Ile Asn Lys
115 120 125

Tyr Val Thr Ile Leu His Leu Pro Lys Lys Gly Asp Asp Val Lys Pro
130 135 140

Gly Thr Met Cys Gln Val Ala Gly Trp Gly Arg Thr His Asn Ser Ala
145 150 155 160

Ser Trp Ser Asp Thr Leu Arg Glu Val Asn Ile Thr Ile Ile Asp Arg
165 170 175

Lys Val Cys Asn Asp Arg Asn His Tyr Asn Phe Asn Pro Val Ile Gly
180 185 190

Met Asn Met Val Cys Ala Gly Ser Leu Arg Gly Gly Arg Asp Ser Cys
195 200 205

Asn Gly Asp Ser Gly Ser Pro Leu Leu Cys Glu Gly Val Phe Arg Gly
210 215 220

Val Thr Ser Phe Gly Leu Glu Asn Lys Cys Gly Asp Pro Arg Gly Pro
225 230 235 240

Gly Val Tyr Ile Leu Leu Ser Lys Lys His Leu Asn Trp Ile Ile Met
245 250 255

Thr Ile Lys Gly Ala Val
260

<210> SEQ ID NO 27

<211> LENGTH: 338

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 27

Met Val Val Met Ala Pro Arg Thr Leu Phe Leu Leu Leu Ser Gly Ala
1 5 10 15

Leu Thr Leu Thr Glu Thr Trp Ala Gly Ser His Ser Met Arg Tyr Phe
20 25 30

Ser Ala Ala Val Ser Arg Pro Gly Arg Gly Glu Pro Arg Phe Ile Ala
35 40 45

Met Gly Tyr Val Asp Asp Thr Gln Phe Val Arg Phe Asp Ser Asp Ser
Ala Cys Pro Arg Met Glu Pro Arg Ala Pro Trp Val Glu Gln Glu Gly
65 70 75 80

Pro Glu Tyr Trp Glu Glu Glu Thr Arg Asn Thr Lys Ala His Ala Gln
85 90 95

Thr Asp Arg Met Asn Leu Gln Thr Leu Arg Gly Tyr Tyr Asn Gln Ser
100 105 110

Glu Ala Ser Ser His Thr Leu Gln Trp Met Ile Gly Cys Asp Leu Gly
115 120 125

Ser Asp Gly Arg Leu Leu Arg Gly Tyr Glu Gln Tyr Ala Tyr Asp Gly
130 135 140

Lys Asp Tyr Leu Ala Leu Asn Glu Asp Leu Arg Ser Trp Thr Ala Ala
145 150 155 160

Asp Thr Ala Ala Gln Ile Ser Lys Arg Lys Cys Glu Ala Ala Asn Val
165 170 175

Ala Glu Gln Arg Arg Ala Tyr Leu Glu Gly Thr Cys Val Glu Trp Leu
180 185 190
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His Arg Tyr Leu Glu Asn Gly Lys Glu Met Leu Gln Arg Ala Asp Pro
195 200 205

Pro Lys Thr His Val Thr His His Pro Val Phe Asp Tyr Glu Ala Thr
210 215 220

Leu Arg Cys Trp Ala Leu Gly Phe Tyr Pro Ala Glu Ile Ile Leu Thr
225 230 235 240

Trp Gln Arg Asp Gly Glu Asp Gln Thr Gln Asp Val Glu Leu Val Glu
245 250 255

Thr Arg Pro Ala Gly Asp Gly Thr Phe Gln Lys Trp Ala Ala Val Val
260 265 270

Val Pro Ser Gly Glu Glu Gln Arg Tyr Thr Cys His Val Gln His Glu
275 280 285

Gly Leu Pro Glu Pro Leu Met Leu Arg Trp Lys Gln Ser Ser Leu Pro
290 295 300

Thr Ile Pro Ile Met Gly Ile Val Ala Gly Leu Val Val Leu Ala Ala
305 310 315 320

Val Val Thr Gly Ala Ala Val Ala Ala Val Leu Trp Arg Lys Lys Ser
325 330 335

Ser Asp

<210> SEQ ID NO 28

<211> LENGTH: 159

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 28

Met Lys Asn His Leu Leu Phe Trp Gly Val Leu Ala Val Phe Ile Lys
1 5 10 15

Ala Val His Val Lys Ala Gln Glu Asp Glu Arg Ile Val Leu Val Asp
20 25 30

Asn Lys Cys Lys Cys Ala Arg Ile Thr Ser Arg Ile Ile Arg Ser Ser
35 40 45

Glu Asp Pro Asn Glu Asp Ile Val Glu Arg Asn Ile Arg Ile Ile Val
50 55 60

Pro Leu Asn Asn Arg Glu Asn Ile Ser Asp Pro Thr Ser Pro Leu Arg
Thr Arg Phe Val Tyr His Leu Ser Asp Leu Cys Lys Lys Cys Asp Pro
85 90 95

Thr Glu Val Glu Leu Asp Asn Gln Ile Val Thr Ala Thr Gln Ser Asn
100 105 110

Ile Cys Asp Glu Asp Ser Ala Thr Glu Thr Cys Tyr Thr Tyr Asp Arg
115 120 125

Asn Lys Cys Tyr Thr Ala Val Val Pro Leu Val Tyr Gly Gly Glu Thr
130 135 140

Lys Met Val Glu Thr Ala Leu Thr Pro Asp Ala Cys Tyr Pro Asp
145 150 155

<210> SEQ ID NO 29

<211> LENGTH: 175

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 29
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Met Leu Pro Pro Met Ala Leu Pro Ser Val Ser Trp Met Leu Leu Ser
1 5 10 15

Cys Leu Ile Leu Leu Cys Gln Val Gln Gly Glu Glu Thr Gln Lys Glu
20 25 30

Leu Pro Ser Pro Arg Ile Ser Cys Pro Lys Gly Ser Lys Ala Tyr Gly
35 40 45

Ser Pro Cys Tyr Ala Leu Phe Leu Ser Pro Lys Ser Trp Met Asp Ala
50 55 60

Asp Leu Ala Cys Gln Lys Arg Pro Ser Gly Lys Leu Val Ser Val Leu
Ser Gly Ala Glu Gly Ser Phe Val Ser Ser Leu Val Arg Ser Ile Ser
85 90 95

Asn Ser Tyr Ser Tyr Ile Trp Ile Gly Leu His Asp Pro Thr Gln Gly
100 105 110

Ser Glu Pro Asp Gly Asp Gly Trp Glu Trp Ser Ser Thr Asp Val Met
115 120 125

Asn Tyr Phe Ala Trp Glu Lys Asn Pro Ser Thr Ile Leu Asn Pro Gly
130 135 140

His Cys Gly Ser Leu Ser Arg Ser Thr Gly Phe Leu Lys Trp Lys Asp
145 150 155 160

Tyr Asn Cys Asp Ala Lys Leu Pro Tyr Val Cys Lys Phe Lys Asp
165 170 175

<210> SEQ ID NO 30

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 30

Met Val Phe Val Arg Arg Pro Trp Pro Ala Leu Thr Thr Val Leu Leu
1 5 10 15

Ala Leu Leu Val Cys Leu Gly Ala Leu Val Asp Ala Tyr Pro Ile Lys
20 25 30

Pro Glu Ala Pro Arg Glu Asp Ala Ser Pro Glu Glu Leu Asn Arg Tyr
35 40 45

Tyr Ala Ser Leu Arg His Tyr Leu Asn Leu Val Thr Arg Gln Arg Tyr
Gly Lys Arg Asp Gly Pro Asp Thr Leu Leu Ser Lys Thr Phe Phe Pro
65 70 75 80

Asp Gly Glu Asp Arg Pro Val Arg Ser Arg Ser Glu Gly Pro Asp Leu
85 90 95

Trp

<210> SEQ ID NO 31

<211> LENGTH: 166

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 31

Met Ala Gln Thr Ser Ser Tyr Phe Met Leu Ile Ser Cys Leu Met Phe
1 5 10 15

Leu Ser Gln Ser Gln Gly Gln Glu Ala Gln Thr Glu Leu Pro Gln Ala
20 25 30

Arg Ile Ser Cys Pro Glu Gly Thr Asn Ala Tyr Arg Ser Tyr Cys Tyr
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35 40 45

Tyr Phe Asn Glu Asp Arg Glu Thr Trp Val Asp Ala Asp Leu Tyr Cys
50 55 60

Gln Asn Met Asn Ser Gly Asn Leu Val Ser Val Leu Thr Gln Ala Glu
65 70 75 80

Gly Ala Phe Val Ala Ser Leu Ile Lys Glu Ser Gly Thr Asp Asp Phe
85 90 95

Asn Val Trp Ile Gly Leu His Asp Pro Lys Lys Asn Arg Arg Trp His
100 105 110

Trp Ser Ser Gly Ser Leu Val Ser Tyr Lys Ser Trp Gly Ile Gly Ala
115 120 125

Pro Ser Ser Val Asn Pro Gly Tyr Cys Val Ser Leu Thr Ser Ser Thr
130 135 140

Gly Phe Gln Lys Trp Lys Asp Val Pro Cys Glu Asp Lys Phe Ser Phe
145 150 155 160

Val Cys Lys Phe Lys Asn
165

<210> SEQ ID NO 32

<211> LENGTH: 175

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 32

Met Leu Pro Pro Met Ala Leu Pro Ser Val Ser Trp Met Leu Leu Ser
1 5 10 15

Cys Leu Met Leu Leu Ser Gln Val Gln Gly Glu Glu Pro Gln Arg Glu
20 25 30

Leu Pro Ser Ala Arg Ile Arg Cys Pro Lys Gly Ser Lys Ala Tyr Gly
35 40 45

Ser His Cys Tyr Ala Leu Phe Leu Ser Pro Lys Ser Trp Thr Asp Ala
50 55 60

Asp Leu Ala Cys Gln Lys Arg Pro Ser Gly Asn Leu Val Ser Val Leu
Ser Gly Ala Glu Gly Ser Phe Val Ser Ser Leu Val Lys Ser Ile Gly
85 90 95

Asn Ser Tyr Ser Tyr Val Trp Ile Gly Leu His Asp Pro Thr Gln Gly
100 105 110

Thr Glu Pro Asn Gly Glu Gly Trp Glu Trp Ser Ser Ser Asp Val Met
115 120 125

Asn Tyr Phe Ala Trp Glu Arg Asn Pro Ser Thr Ile Ser Ser Pro Gly
130 135 140

His Cys Ala Ser Leu Ser Arg Ser Thr Ala Phe Leu Arg Trp Lys Asp
145 150 155 160

Tyr Asn Cys Asn Val Arg Leu Pro Tyr Val Cys Lys Phe Thr Asp
165 170 175

<210> SEQ ID NO 33

<211> LENGTH: 158

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 33

Met Ala Ser Arg Ser Met Arg Leu Leu Leu Leu Leu Ser Cys Leu Ala
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1 5 10 15

Lys Thr Gly Val Leu Gly Asp Ile Ile Met Arg Pro Ser Cys Ala Pro
20 25 30

Gly Trp Phe Tyr His Lys Ser Asn Cys Tyr Gly Tyr Phe Arg Lys Leu
35 40 45

Arg Asn Trp Ser Asp Ala Glu Leu Glu Cys Gln Ser Tyr Gly Asn Gly
50 55 60

Ala His Leu Ala Ser Ile Leu Ser Leu Lys Glu Ala Ser Thr Ile Ala
65 70 75 80

Glu Tyr Ile Ser Gly Tyr Gln Arg Ser Gln Pro Ile Trp Ile Gly Leu
85 90 95

His Asp Pro Gln Lys Arg Gln Gln Trp Gln Trp Ile Asp Gly Ala Met
100 105 110

Tyr Leu Tyr Arg Ser Trp Ser Gly Lys Ser Met Gly Gly Asn Lys His
115 120 125

Cys Ala Glu Met Ser Ser Asn Asn Asn Phe Leu Thr Trp Ser Ser Asn
130 135 140

Glu Cys Asn Lys Arg Gln His Phe Leu Cys Lys Tyr Arg Pro
145 150 155

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 34

ctgcccagec aactactttg 20

<210> SEQ ID NO 35

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 35

ctceegtggt tecattcac 19

<210> SEQ ID NO 36

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 36

ccaagatcga ccagaacgtg g 21
<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 37

gtcctgagca tagggagcca 20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 20

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 38

cccagagcaa aaagegacte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 39

LENGTH: 24

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 39

accatccatg cctacaacaa aagg

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 40

caacaggctg aaggctacga t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 41

cgatttttgce ggagaccttg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 42

cagaagtgeg aagaggaggt ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 43

tcatcttaga ggccacgaac at

<210>
<211>

SEQ ID NO 44
LENGTH: 18

20

24

21

21

21

22
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<212>
<213>
<220>
<223>

<400>

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 44

tccageccaat gectttge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 24

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 45

tggagattac ttttcagtgc agaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 46

tagagatcga cgggatgaaa ct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 19

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 47

cagatccgee actccttet

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 48

tggtggatgg gaagctgtct a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 49

ttcttgeggt aggctgcata g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

18

24

22

19

21

21
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<400>

SEQUENCE: 50

gactcttgeg tcaacttcaa gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 51

caggctgtet tttgtcaacg a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 52

atacaagctc acgtactcca ct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 21

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 53

tccacagtaa cacaacgtcce a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 54

tttggagtgyg tagtaaaaag gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 22

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 55

tgacatcagg gactcagagt ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 19

TYPE: DNA

ORGANISM: artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 56

ccggagacee ttagatcga

22

21

22

21

22

22

19
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<210> SEQ ID NO 57

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 57

tagcctgtaa aagatttctyg caaacce

<210> SEQ ID NO 58

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

ccgaaaccca tcagtcegtt taa

<210> SEQ ID NO 59

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 59

acataggtgg ctgtccagac aa

26

23

22

1. A method for diagnosing pre-symptomatic metabolic
syndrome (PSMS) in a subject, comprising the steps of:

(a) determining the expression level of a gene in a subject
which gene is represented by a polynucleotide the
sequence of which is at least one of SEQ ID NO:1 to
SEQ ID NO:18; and,

(b) comparing the expression level of said gene with a
reference value for said expression level.

2. A method according to claim 1, wherein PSMS is diag-
nosed when the expression level is detected or is increased
compared to said reference value.

3. A method according to claim 1, wherein the expression
level of at least one of said genes is determined by measuring
the quantity of encoded polypeptide and/or quantifying the
amount of said polynucleotide encoding said polypeptide.

4. A method according to claim 1, wherein the expression
level is determined ex vivo in a sample obtained from the
subject.

5. A method according to claim 4, wherein the sample is a
fluid.

6. A method according to claim 1, wherein the gene or
genes is or are represented by SEQ ID NO:1 and/or SEQ ID
NO:2.

7. An assay device for diagnosing PSMS in a subject,
comprising a molecule which specifically binds to a polypep-
tide encoded by a gene represented by a nucleotide sequence
of any of SEQ ID NO:1 to SEQ ID NO:18.

8. A method for diagnosing PSMS in a subject comprising
assaying, in the device according to claim 7, the specific
binding of said molecule to the polypeptide

wherein when presence of a polypeptide encoded by any
one of polynucleotide sequences SEQ ID NO:1 to SEQ
ID NO:18 is

(1) detected, or

(i1) found to exceed a reference value of said polypeptide
detected by binding of said molecule to the same
polypeptide in a reference sample,

PSMS is diagnosed.

9. A method for identifying a test substance that is capable
of preventing, treating and/or delaying the progression of
metabolic syndrome in a subject, the method comprising:

(a) contacting said test substance with a test cell population
or atest animal capable of expressing a gene represented
by a polynucleotide molecule the sequence of which is at
least one of SEQ ID NO:1 to SEQ ID NO:18;

(b) determining the expression level of the gene or the
activity or steady state level of a polypeptide encoded by
said gene in the test cell population or in the test animal
so contacted;

(c) comparing the expression, activity or steady state level
determined in (b) with the expression, activity or steady
state level of the gene or of the polypeptide in a test cell
population or in a test animal that is not contacted with
the substance; and,

(d) identifying a substance that produces a change in
expression level, activity or steady state level of the gene
or the polypeptide, when comparing the test cell popu-
lation or test animal that is contacted with the substance
with the test cell population or test animal that is not
contacted with the substance,

thereby identifying said substance.
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10. The method according to claim 9, wherein the change
identified in step (d) is a decrease of the expression level of
said polynucleotide.

11. The method according to claim 9, wherein the expres-
sion level is determined by quantifying the amount of
encoded polypeptide and/or by quantifying the amount of the
polynucleotide.

12. The method according to claim 9, wherein the test cell
population comprises mammalian, cells or the test animal is a
mouse.

13. A method according to claim 20, wherein the test cell
population comprises colon carcinoma cell line LS174T or
LOVO.

14. A substance capable of preventing, treating and/or

delaying the progression of metabolic syndrome in a subject
identified by the method according to claim 9.

May 5, 2011

15. The method according to claim 1 wherein said refer-
ence value is an average value for said expression level in
control subjects.

16. A method according to claim 4, wherein the sample is
plasma, feces, urine, blood or saliva.

17. The assay device according to claim 7 wherein the
specifically binding molecule is an antibody.

18. The assay device according to claim 17 wherein the
antibody is a monoclonal antibody.

19. The method according to claim 12 wherein the test cell
population comprises mouse cells.

20. The method according to claim 12 wherein test cell
population comprises human cells.

21. The method according to claim 12 wherein the test
mouse is a C57BL/6J mouse.
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