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Method For Identifying Substances Which Positively Influence Inflammatory
Conditions

Introduction

The present invention belongs to the field of modulation of inflammatory processes,
in particular of chronic inflammatory airway diseases, in which macrophages play an
important role. The inflammatory processes can be modulated according to the
invention by influencing the biological activity of a nuclear hormone receptor protein,

which is identified to be involved in the inflammatory process.

Examples for chronic inflammatory airway diseases, in which macrophages play an
important role is chronic bronchitis (CB). CB may occur with or without airflow
limitation and includes chronic obstructive pulmonary disease (COPD). CB is a
complex disease encompassing symptoms of several disorders: chronic bronchitis
which is characterized by cough and mucus hypersecretion, small airway disease,
including inflammation and peribronchial fibrosis, emphysemé, and airflow limitation.
CB is characterized by an accelerated and irreversible decline of lung function. The
major risk factor for developing CB is continuous cigarette smoking. Since only about
20% of all smokers are inflicted with CB, a genetic predisposition is also likely to

contribute to the disease.

The initial events in the early onset of CB are inflammatory, affecting small and large
airways. An irritation caused by cigarette smoking attracts macrophages and
neutrophils the number of which is increased in the sputum of smokers. Perpetual
smoking leads to an ongoing inflammatory response in the lung by releasing
mediators from macrophages, neutrophils and epithelial cells that recruit
inflammatory cells to sites of the injury. So far there is no therapy available to reverse

the course of CB. Smoking cessation may reduce the decline of lung function.

Only a few drugs are known to date to provide some relief for patients. Long-lasting
B2-agonists and anticholinergics are-applied to achieve a transient bronchodilation. A
variety of antagonists for inflammatory events are under investigation like, LTB,-

inhibitors.
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There is a continuous need to provide drugs for treating chronic inflammatory airway
diseases. Chronic inflammatory airway diseases can be attributed to activated
inflammatory immune cells, e.g. macrophages. There is therefore a need for drugs
modulating the function of macrophages in order to eliminate a source of

inflammatory processes.

Description Of The Invention

In the present invention it was found that macrophages involved in an inflammatory
process, particularly in a chronic inflammatory airway disease, more particularly in
chronic bronchitis or COPD, show a pattern of differentially expressed nucleic acid
sequence and protein expression which differs from the pattern of gene expression
of macrophages from healthy donors or donors in an irritated state, which latter do
contain macrophages in an activated state. Therefore, macrophages show different
activation levels under different inflammatory conditions. For example, it is shown in
the present invention that macrophages involved in an inflammatory process in
COPD smokers show different gene expression pattern than macrophages from
healthy smokers, indicating that in COPD smokers macrophages are in a different,
hereinafter named “hyperactivated” state. The present invention provides for the
possibility to inhibit the hyperactivation or to reduce the hyperactive state of a
macrophage by allowing the identification of substances which modulate a nuclear
hormone receptor protein involved in the hyperactivation or maintaining the

hyperactive state.

The term “chronic inflammatory airway disease” as used hereinafter includes, for
example, Chronic Bronchitis (CB) and Chronic Obstructive Pulmonary Disease
(COPD). The preferred meaning of the term “chronic inflammatory airway disease” is
CB and COPD, the more preferred meaning is CB or COPD.

The invention is based on the identification of a nucleic acid sequence differentially
expressed in a hyperactivated macrophage compared to a macrophage which is not

hyperactivated. Such a nucleic acid sequence encodes for a nuclear receptor
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3
protein, which is involved in the hyperactivation or maintaining the hyperactive state

- of a macrophage involved in an inflammatory process, preferably in a chronic
inflammatory airway disease. Such differentially expressed nucleic acid sequence or
protein encoded by such nucleic acid sequence is in the following also named
differentially expressed nucleic acid sequence or protein of the invention,
respectively. In particular, the present invention teaches a link between phenotypic
changes in macrophages due to differentially expressed nucleic acid sequence and
protein expression pattern and involvement of macrophages in inflammatory
processes and, thus, provides a basis for a variety of applications. For example, the
present invention provides a method and a test system for determining the
expression level of a macrophage protein of the invention or differentially expressed
nucleic acid sequence of the invention and thgreby provides e.g. for methods for
diagnosis or monitoring of inflammatory processes with involvement of
hyperactivated macrophages in mammalian, preferably human beings, especially
such beings suffering from an inflammatory process, preferably in a chronic
inflammatory airway disease, more preferably in chronic bronchitis or COPD. The
invention also relates to a method for identifying a substance by means of a
differentially expressed nucleic acid sequence or protein of the invention, which
substance modulates, i.e. acts as an inhibitor or activator on the said differentially
expressed nucleic acid sequence or protein of the invention and thereby positively
influences chronic inflammatory processes by inhibition of the hyperactivation or
reduction of the hyperactive state of macrophages, and thereby allows treatment of
mammals, preferably human beings, suffering from a said disease. The invention
also relates to a method for selectively modulating such a differentially expressed
nucleic acid sequence or protein of the invention in a macrophage comprising
administering a substance determined to be a modulator of said protein or
differentially expressed nucleic acid sequence. The present invention includes the
use of said substances for treating beings in need of a treatment for an inflammatory

process.

In the present invention in a first step a differentially expressed nucleic acid
_ sequence of the invention is identified which has a different expression pattern in a

hyperactivated macrophage compared to a maéi”ophage which is not hyperactivated.
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4
For the sake of conciseness this description deals particularly with investigation of

macrophages involved in COPD, however, equivalent results may be obtained with
samples from subjects suffering from other chronic inflammatory airway diseases,
e.g. other chronic bronchitis symptoms. The investigation of the different expression
pattern leads to the identification of a series of differentially expressed nucleic acid
sequences expressed in dependency on the activation state of a macrophage

involved in an inflammatory process, as exemplified in the Examples hereinbelow.

Briefly, such a differentially expressed nucleic acid sequence of the invention is
identified by comparative expression profiling experiments using a cell or cellular
extract from a hyperactivated macrophage, i.e. for example from the site of
inflammation in COPD and from the corresponding site of control being not suffering
from said disease, however, suffering under the same irritating condition like

cigarette smoke exposure.

In a second step the proteins are identified which are encoded by the differentially
expressed nucleic acid sequences, i.e. proteins playing a role in mediating the
hyperactivation or in maintaining the hyperactivated state. A class of differentially
expressed nucleic acid sequences of the invention can be identified to encode a
class of proteins which act as nuclear receptor protein of the invention which is
characterized in that it is expressed in a macrophage that is hyperactivated
according the invention at a lower or higher level than the control level in a
macrophage which is not hyperactivated. Such a protein of the invention is

hereinafter named NHR-protein (“nuclear hormone receptor protein”).

A preferred example of a NHR-protein according to the present invention is estrogen-
related receptor o (ERRa, SEQ ID NO. 1 and 7) or nuclear receptor subfamily 4
group A member 1 (NR4A1, SEQ ID NO. 2 and 8), depicted in the sequence listing.

The biological activity of a NHR-protein according to the present invention, .i.e.
mediating the involvement of a macrophage in an inflammatory process according to
the invention, is dependent, for example, on recognition of and /or binding to a

responsive DNA element influencing transcriptibn of a DNA connected with said DNA
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element (e.g. ERRa responsive element (ERRE) or steroidogenic factor responsive

element (SFRE)) or for example on recognition of and /or binding to an other protein
resulting in a rendered transcription activity. The biological activity of a NHR-protein
according to the invention is not limited to influence transcription activity. Besides
this, the biological activity of a NHR-protein according to the invention for example
facultatively comprises the regulation of apoptosis through a mechanism

independent of transcription activity.

The invention also concerns functional equivalents, derivatives, variants, mutants
and fragments of a NHR-protein, preferentially of the preferred proteins mentioned
hereinbefore. Functional in this context means having a function of the respective
corresponding NHR-protein which is involved in its biological activity, e.g. DNA and

/or protein recognition.

According to the present invention, the biological activity of a NHR-protein expressed
at a lower level than the control level is preferably activated in order to inhibit
hyperactivation or reduce a hyperactivated state of a macrophage, whereby the
biological activity of a NHR-protein which is expressed at a higher level than the
control level is preferably inhibited in order to inhibit hyperactivation or reduce a

hyperactivated state of a macrophage.

In one embodiment the present invention concerns a test method for determining
whether a substance is an activator or inhibitor of a NHR-protein. Since a NHR-
protein is involved in a chronic inflammatory airway disease and plays a role in
mediating inflammation, a substance modulating the biological activity of a NHR-
protein can be used for treating a chronic inflammatory airway diseases or can be
used as lead compound for optimization of the function of the substance in a way
that the optimized substance is suitable for treating chronic inflammatory airway
diseases. ,

A method for determining whether a substance is an activator or an inhibitor of a
function of a NHR-protein deregulated in a hyperactivated macrophage can be
characterized in that the method comprises contacting the NHR-protein or variant,

mutant or fragment thereof having a NHR—protein function with a substance to be
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6
tested whether it is an inhibitor or activator of a desired function of the NHR-protein,

and measuring whether the'desired function is inhibited or activated.

The desired function can be the biological activity of a NHR-protein of the invention.
Said measuring can be perfomed directly e.g. with well known procedures allowing to
measure direct binding of a said protein with a said substance, or indirectly, e.g.
using well known reporter systems allowing to draw conclusions about the binding of
a said protein with a said substance.

For performing a method of the invention, a test system according to the invention

can be used.

The present invention also concerns a test system for determining whether a
substance is an activator or an inhibitor of a NHR-protein function. A test system
useful for performing a method of the invention comprises a cellular or a cell-free
system. For example, one embodiment of the invention concerns a test system that
is designed in a way to allow the testing of substances acting on the expression level
of the differentially expressed nucleic acid sequence e.g. using expression of a
reporter-gene, e.g. luciferase gene or the like, as a measurable readout. Another
embodiment of the invention concerns a test system that is designed in a way to
allow the testing of substances directly interacting with a function, e.g. the
recognition and/or binding activity, of the NHR-protein or interfering with the
activation of a function of the NHR-protein by a natural or an artificial but appropriate

activator of the NHR-protein, e.g. an appropriate ligand.

A test system of the invention comprises, for example, elements well known in the
art. For example, cell-free systems may include, for example, a NHR-protein or a
functional equivalent, derivative, variant, mutant or fragment of a NHR-protein, a
nucleic acid encoding a NHR-protein or encoding a functional equivalent, derivative,
variant, mutant or fragment of a NHR-protein in soluble or bound form or in cellular
compartments or vesicles. Suitable cellular systems include, for example, a suitable
prokaryotic cell or eukaryotic cell, e.g. such comprising a NHR-protein or a functional
equivalent, derivative, variant, mutant or fragment of a NHR-protein, a nucleic acid
encoding a NHR-protein or encoding a functional equivalent, derivative, variant,

mutant or fragment of NHR-protein. A cell suitable for use in a said test system of the
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7
invention may be obtained by recombinant techniques, e.g. after transformation or

transfection with a recombinant vector suitable for expression of a desired NHR-
protein or functional equivalent, derivative, variant, mutant or fragment of a NHR-
protein, or may e.g. be a cell line or a cell isolated from a natural source expressing a
desired NHR-protein or functional equivalent, derivative, variant, mutant or fragment
of NHR-protein. A test system of the invention may include a natural or artificial
ligand of a NHR-protein if desirable or necessary for testing whether a substance of

interest is an inhibitor or activator of a NHR-protein.

A test method according to the invention comprises measuring a read-out, e.g. a
phenotypic change in the test system, for example, if a cellular system is used a
phenotypic change of the cell is monitored. Such change may be a change in a
naturally occurring or artificial response, e.g. a reporter gene expression of the cell to

NHR-protein activation or inhibition, e.g. as detailed in the Examples hereinbelow.

A test method according to the invention can on the one hand be useful for high
throughput testing suitable for determining whether a substance is an inhibitor or
activator of the invention, but also e.g. for secondary testing or validation of a hit or

lead substance identified in high throughput testing.

The present invention also concerns a substance identified in a method according to
the invention to be an inhibitor or activator of a NHR-protein. A substance of the
present invention is any compound which is capable of modulating preferably
activating or inhibiting a function of a NHR-protein according to the invention. An
example of a way to activate or inhibit a function of a NHR-protein is by influencing
the expression level of said NHR-protein. Another example of a way to activate or
inhibit a function of a NHR-protein is to apply a substance directly binding the NHR-
protein and thereby activating or blocking functional domains of said NHR-protein,
which can be done reversibly or irreversibly, depending on the nature of the

substance applied.

Accofdingly, a substance useful for activating or inhibiting biological activity of a

NHR-protein includes a substance acting on the expression of differentially



10

15

20

25

30

WO 03/014745 PCT/EP02/07937

8
expressed nucleic acid sequence, for example a nucleic acid fragment hybridizing

with the corresponding gene or regulatory sequence and thereby influencing gene

expression.

Therefore, the invention concerns, for example, a substance which is a nucleic acid
sequence coding for the gene of a NHR-protein, or a fragment, derivative, mutant or
variant of such a nucleic acid sequence, which nucleic acid sequence or a fragment,
derivative, mutant or variant thereof is capable of influencing the gene expression
level, e.g. a nucleic acid molecule suitable as antisense nucleic acid, ribozyme, or for

triple helix formation.

The invention also concerns a substance which is e.g. an antibody or an organic or
inorganic compound directly binding to or interfering with the activation of a NHR-
protein or directly binding to a NHR-protein and thereby affecting its biological

activity.

In a further aspect, the present invention relates to a method for determining an
expression level of a NHR-protein by determining the level of a nucleic acid coding
for a NHR-protein, more preferably determining the level of respective messenger
RNA, or determining the level of a NHR-protein itself, in a cell, preferably in a
macrophage, more preferably in a macrophage isolated form a site of inflammation,
even more preferably from a site of inflammation in a subject suffering from a chronic
inflammatory airway disease. Such a method can be used, for example, for testing
whether a substance is capable of influencing differentially expressed nucleic acid
sequence expression levels in a method outlined above for determining whether a
substance is an activator or inhibitor according to the present invention. A method for
determining an expression level according to the invention can, however, also be
used for testing the activation state of a macrophage, e.g. for diagnostic purposes or
for investigation of the success of treatment for a disease which is causgd by the
hyperactivated macrophage, e.g. for monitoring. Said macrophage is preferably a
mammalian, more preferably a human cell. Accordingly, macrophages of the present
invention are preferably obtainable from the site of inflammation in a mammal and

more preferably from a site of inflammation in a human being. Accordingly, the
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9
invention also relates to a method for diagnosis of a chronic inflammatory disease,

or monitoring of such disease, e.g. monitoring success in treating beings in need of
treatment for such disease, comprising determining an expression level of a nucleic
acid coding for a a NHR-protein, preferably messenger RNA, or a a NHR-protein

itself in a macrophage.

The present invention also relates to the use of a substance according to the
invention for the treatment for a chronic inflammatory airway disease. Another
embodiment of the present invention relates to a pharmaceutical composition
comprising at least one of the substances according to the invention determined to
be an activator or an inhibitor. The composition may be manufactured in a manner
that is itself known, e.g. by means of conventional mixing, dissolving, granulating,
dragee-making, levigating, powdering, emulsifying, encapsulating, entrapping or

lyophilizing processes.

In order to use substances activating or inhibiting according to the invention as drugs
for treatment for chronic inflammatory airway diseases, the substances can be tested
in animal models for example an animal suffering from an inflammatory airway

disorder or a transgenic animal expressing a NHR-protein according to the invention.

Toxicity and therapeutic efficacy of a substance according to the invention can be
determined by standard pharmaceutical procedures, which include conducting cell
culture and animal experiments to determine the ICs0, LD, and EDy,. The data
obtained are used for estimating the animal or more preferred the human dose
range, which will also depend on the dosage form (tablets, capsules, aerosol sprays
ampules, etc.) and the administration route (for example transdermal, oral, buccal,

nasal, enteral, parenteral, inhalative, intratracheal, or rectal).

A pharmaceutlcal composition containing at least one substance accordlng to the

invention as an active ingredient can be formulated i In conventional manner. Methods -

- for making such formulations can be found in manuals, e.g. “Remington

Pharmaceutical Science”. Examples for ingredients that are useful for formulating at
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least one substance according to the present invention are also found in WO

99/18193, which is hereby incorporated by reference.

In a further aspect the invention concerns a method for treating a chronic
inflammatory airway disease according to the invention. Such method comprises
administering to a being, preferably to a human being, in need of such treatment a
suitable amount of a pharmaceutical composition comprising at least one substance
determined to be an activator or inhibitor by a method according to the invention for
determining whether a substance is an activator or an inhibitor of a NHR-protein

according to the invention.

In an other embodiment the invention relates to a method for selectively modulating
NHR-protein concentration in a macrophage, comprising administering a substance

determined to be an activator or inhibitor of a NHR-protein according to the invention.

The following examples are meant to illustrate the present invention, however, shall
not be construed as limitation. However, the Examples describe most preferred

embodiments of the invention.
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Examples

Example 1: Comparative Expression Profiling

The following is an illustration of how comparative expression profiling can be

performed in order to identify a NHR-protein

1.1. Selection of Patients

Three groups of subjects are studied: healthy non-smokers, healthy smokers and
patients with COPD.

In order to assess lung function subjects have to perform spirometry. A simple
calculation based on age and height is used to characterize the resuits. COPD
subjects are included if their FEV, % predicted is <70%. Healthy smokers are age
and smoking history matched with the COPD subjects but have normal lung function.
Healthy non-smokers have normal lung function and have never smoked. The latter
group has a methacholine challenge to exclude asthma. This technique requires
increasing doses of methacholine to be given to the subject, with spirometry between
each dose. When the FEV, falls 20% the test is stopped and the PC,, is caiculated.
This is the dose of methacholine causing a 20% fall in FEV, and we will require a
value of >32 as evidence of absence of asthma. All subjects have skin prick tests to
common allergens and are required to have negative results. This excludes atopic
individuals. The clinical history of the subjects is monitored and examined in order to

exclude concomitant disease.

1.2. BAL (bronchoalveolar lavage) Procedure

Subjects are sedated with midazolam prior to the BAL. Local anaesthetic spray is
used to anaesthetize the back of the throat. A 7mm Olympus bronchoscope is used.
The lavaged area'is the right middle lobe. 250 ml of sterile saline is instilled and

immediately aspirated. The resulting aspirate contains macrophages.

1.3. BAL Processing -
BAL is filtered through sterile gauze to remove debris. The cells are washed:twice in
HBSS, resuspended in 1ml HBSS (Hank’s Balanced Salt Solution) and counted. The

macrophages are spun to a pellet using 15 ml Falcon blue-cap polypropylen,
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resuspended in Trizol reagent (Gibco BRL Life Technologies) at a concentration of 1

ml Trizol reagent per 10 million cells and then frozen at -70°C.

1.4. Differential Gene Expression Analysis

Total RNA is extracted from macrophage samples obtained according to Example
1.3. Cell suspensions in Trizol are homogenized through pipetting and incubated at
room temperature for 5 minutes. 200 p! chloroform per ml Trizol is added, the mixture
carefully mixed for 15 seconds and incubated for 3 more minutes at room
temperature. The samples are spun at 10000g for 15 minutes at 4°C. The upper
phase is transferred into a new reaction tube and the RNA is precipitated by adding
0.5 ml isopropanol per mi Trizol for 10 minutes at room temperature. Then, the
precipitate is pelleted by using a microcentifuge for 10 minutes at 4°C with 10000g,
the pellet is washed twice with 75% ethanol, air dried and resuspended in DEPC-
H,0.

An RNA cleanup with Qiagen RNeasy Total RNA isolation kit (Qiagen) is performed
in order to improve the purity of the RNA. The purity of the RNA is determined by
agarose gelelectrophoresis and the concentration is measured by UV absorption at
260 nm.

5 ng of each RNA is used for cDNA synthesis. First and second strand synthesis are
performed with the SuperScript Choice system (Gibco BRL Life Technologies). In a
total volume of 11 ul RNA and 1 pl of 100 pM T7-(dt),, primer (sequence:
ggccagtgaa ttgtaatacg actcactata gggaggeggt tttttttttt titttttttt tit, SEQ ID NO. 9) are
heated up to 70°C for 10 minutes and then cooled down on ice for 2 minutes. First
strand buffer to a final concentration of 1x, DTT to a concentration of 10 mM and a
dNTP mix to a final concentration of 0.5 mM are added to a total volume of 18 pl.
The reaction mix is incubated at 42°C for 2 minutes and 2 pl of Superscript || reverse
transcriptase (200 U/pl) are.added. For second strand synthesis 130 pl of a mix
containing 1.15x second strand buffer, 230 uM dNTPs, 10 U E.coli DNA ligase
(10U/ul), E.coli DNA poly‘m‘er‘é"s"e (10 U/ul), RNase H (2U/ul) is added to the reaction
of the first strand syhthesié‘;‘and carefully mixed with a pipette. Second strand

synthesis is performed at 16°C for 2 hours, then 2 pul of T4 DNA polymerase (5 U/pl)
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are added, incubated for 5 minutes at 16°C and the reaction is stopped by adding 10

ul 0.5 M EDTA.

Prior to cRNA synthesis the double stranded cDNA is purified. The cDNA is mixed
with an equal volume of phenol:chloroform:isoamylalcohol (25:24:1) and spun
through the gel matrix of phase lock gels (Eppendorf) in a microcentrifuge in order to
separate the cDNA from unbound nucleotides. The aqueous phase is precipitated
with ammoniumacetate and ethanol. Subsequently, the cDNA is used for in vitro
transcription. cRNA synthesis is performed with the ENZO BioArray High Yield RNA
Transcript Labeling Kit according to manufacturer’s protocol (ENZO Diagnostics).
Briefly, the cDNA is incubated with 1x HY reaction buffer, 1x biotin labeled
ribonucleotides, 1x DTT, 1x RNase Inhibitor Mix and 1x T7 RNA Polymerase in a
total volume of 40 pl for 5 hours at 37°C. Then, the reaction mix is purified via
RNeasy columns (Qiagen), the cRNA precipitated with ammonium acetate and
ethanol and finally resuspended in DEPC-treated water. The concentration is
determined via UV spectrometry at 260 nm. The remaining cRNA is incubated with
1x fragmentation buffer (5x fragmentation buffer: 200 mM Tris acetate, pH 8.1, 500
mM KOAc, 150 mM MgOAc) at 94°C for 35 minutes.

For hybridization of the DNA chip 15 pg of cRNA is used, mixed with 50 pM biotin-
labeled control B2 oligonucleotide, sequence: gtcgtcaaga tgctaccgtt cagga (SEQ ID
NO: 10), 1x cRNA cocktail, 0.1 mg/ml herring sperm DNA, 0.5 mg/ml acetylated
BSA, 1x MES (2-[N-morpholino]-ethanesulfonic acid) hybridization buffer in a total
volume of 300 pl. The hybridization mixture is heated up to 99°C for 5 minutes,
cooled down to 45°C for 10 minutes and 200 wl of the mix are used to fill the probe
array. The hybridization is performed at 45°C at 60 rpm for 16 hours.

After the hybridization the hybridization mix on the chip is replaced by 300 pl non-
stringent wash buffer (100 mM MES, 100 mM NaCl, 0.01% Tween_ZO). The chip is
inserted into an Affymetrix Fluidics station and washing-and stainj_rqg is performed
according to the EUKGE-WS2 protocol. The staining solution per-chip:consists of 600
ul 1x stain buffer (100 mM MES, 1 M NaCl, 0.05% Tween 20), 2 mg/ml BSA, 10
rg/ml SAPE (streptavidin phycoerythrin) (Dianova), the antibody solution consists of
1x stain buffer, 2 mg/ml BSA, 0.1 mg/ml goat IgG, 3 ng/ml biotinylated antibody.
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After the washing and staining procedure the chips are scanned on the HP Gene

Array Scanner (Hewlett Packard).

Data Analysis is performed by pairwise comparisons between chips hybridized with
RNA isolated from COPD smokers and chips hybridized with RNA isolated from

‘healthy smokers.

The following is an illustration of differentially expressed genes and their function as

identified according to the approach of the present invention.

Example 2: ERRa (estrogen-related receptora)

A gene that is identified as consistently up-regulated in individuals with COPD codes
for the estrogen-related receptora (ERRa). Estrogen-related receptor alpha is an
orphan member of the superfamily of nuclear hormone receptors. It binds to a single
consensus half-site of the ERRa response element (ERRE) and to the steroidogenic
factor 1 response element (SFRE) (Vanacker et al. 1999). It is found that genes with
these sites in their promoter region are targets for transcription activation by ERRa.
These genes are for example medium-chain acyl coenzyme A dehydrogenase
(MCAG), osteopontin, and the thyroid hormone receptoro. (Vanacker et al. 1998).
Due to the activation of MCAG it is assumed that ERRa is involved in regulating the
energy balance in vivo (Sladek et al. 1997).

The ERRa (acc. L38487) is consistently found upregulated (42%) in COPD smokers
compared to healthy smokers. This is shown "fold change" values (Table 1). The p
values for two separate groups comparing COPD smokers and healthy smokers are
0.03 and 0.15.



WO 03/014745 PCT/EP02/07937

15
Table1 : Fold change values (FC) for comparisons between obstructed smoker and

healthy smokers. On average is upregulated by 2.3fold, the median is 1.6fold.

Comp FC comp FC comp FC comp FC
1vs2 -1.5 5vs43 |4.8 39vs 57 (1.7 68 vs 66 [3.4
1vs37 |4.8 5vs56 |1.0 39vs 58 [1.0 68 vs 69 (2.4
1vs43 |6.1 5vs57 |2.4 39vs62 |1.0 68 vs 76 (2.9
1vs56 |9.3 5vs58 [1.0 44vs2 |-1.8 68 vs 78 (3.5
1vsb57 |15 5vs62 [1.0 44 vs 37 (1.0 70vs 65 |-1.5
1vs 68 [2.7 B6vs2 -2.1 44 vs 43 1.1 70vs 66 |1.5
1vs62 |5.0 6vs37 |3.2 44 vs 56 |1.1 70vs 69 |1.1
3vs2 -1.9 6vs43 (3.5 44 vs 57 |-1.5 70vs 76 |1.3
3vs37 |4.0 6vs56 |5.6 44 vs 58 (1.0 70vs 78 |1.6
3vs43 |4.8 6vs57 [1.0 44 vs 62 |1.0 71vs65 |1.3
3vs56 |7.7 6vs58 |1.9 64 vs 65 |-1.2 71vs 66 [6.1
3vs 57 (1.2 6vs62 |34 64 vs 66 |1.9 71vs 69 |6.1
3vs 58 (2.2 39vs2 |[-1.3 64 vs 69 (1.3 71vs 76 |6.0
3vs62 |4.2. 39vs 37 |1.0 64 vs 76 {1.6 71vs 78 |6.7
5vs 2 1.1 39vs 43 (6.1 64 vs 78 2.0

5vs37 [1.0 39vs 56 (1.0 68 vs 65 1.5

Cloning of ERRa.

5 ERRa is cloned from a total RNA extracted from human kidney. 5 ng RNA is reverse
transcribed into cDNA with 5 ng oligo(dt),s primer, 1x first strand buffer, 10 mM DTT,
0.5 mM dNTPs and 2 U Superscript 1l (Gibco BRL) at 42°C for 50 minutes. Then, the
reaction is terminated at 70°C for 15 minutes and the cDNA concentration is
determined by UV-spectrophotometry. For amplification of ERRa 100 ng of the cDNA

10 and 10 pmoles of sequence-specific primers for ERRa (forward primer: ggggacaagt
ttgtacaaaa aagcaggcta tgggattgga gatgagctc; SEQ ID:No. 3 and reverse primer:
ggggaccact ttgtacaaga aagctgggtt cagtccatca tggectcgag SEQ ID No. 4) are used for
PCR. Reaction conditions are: 2 minutes of 94°C, 35 cycles with 30 seconds at
94°C, 30 seconds at 53°C, 90 seconds at 72°C, followed by 7 minutes at 72°C with

15 Taq DNA-polymerase. The reaction mix is separated on a 2% agarose gel, a band of
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about 1000bp is cut out and purified with the QIAEX Il extraction kit (Qiagen). The

concentration of the purified band is determined and about 120 ng are incubated with
300 ng of pPDONR201, the donor vector of the Gateway system (Life Technologies),
1x BP clonase reaction buffer, BP clonase enzyme mix in a total volume of 20 pl for
60 minutes at 25°C. Then, reactions are incubated with 2 pl of proteinase K and
incubated for 10 minutes at 37°C. The reaction mix is then electroporated into
competent DB3.1 cells and plated on Kanamycin-containing plates. Clones are
verified by sequencing. A clone, designated pDONR-ERRGa, with identical sequence

to the database entry (acc. X51416) is used for further experiments.

Generation of a transfection vector for ERRa.

The vector containing ERRa described under 1.1. is used to transfer the cDNA for
ERRa to the expression vector pcDNA3.1(+)/attR that contains the "attR1" and
"attR2" recombination sites of the Gateway cloning system (Life Technologies) where
ERRa is expressed under the control of the CMV promoter. 150 ng of the "entry
vector" pPDONR-ERRa is mixed with 150 ng of the "destination vector"
pcDNA3.1(+)/attR, 4 pl of the LR Clonase enzyme mix, 4 pul LR Clonase reaction
buffer, added up with TE (Tris/EDTA) to 20 ul and incubated at 25°C for 60-minutes.
Then, 2 pl of proteinase K solution is added and incubated for 10 minutes at 37°C. 1
ul of the reaction mix is transformed into 50 ul DH5a by a heat-shock of 30 seconds
at 42°C after incubating cells with DNA for 30 minutes on ice. After heat-shock of the
cells 450 pl of S.0.C. is added and cells are incubated at 37°C for 60 minutes. Cells
(100 pl) are plated on LB plates containing 100 ng/ml ampicillin and incubated over
night.

A colony that contains pcDNA3.1(+)/attR with ERRa as an insert is designated

pcDNA/ERRa and used for transfection studies.

Transfection of ERRa

Monbcytic cell lines are seeded in a 35 mm petri dish and cultivated in RPMI 1640
media containing 10% FCS supplemented with 100 U/ml penicillin, 100 pg/mi

streptomycin, 2 mM glutamine, and 1x non-essential amino acids over night. Cells
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that are grown to a confluency of 50-80% are used for transfection. 6 ul FuGene6

(Roche Biochemicals) is added to 100 pl of culture media without serum and
equilibrated for 5 minutes at room temperature. Then, 2 pg of purified pcDNA/ERRG.
is added to the prediluted FuGene6 solution, gently mixed, and further incubated at
room temperature for 15 minutes. The rﬁedia is aspirated from the cells and 4 ml of
fresh media is added to the cells. The FuGene6/DNA solution is added dropwise to
the cells and distributed evenly by swirling of the media. After 48 hours the media is
aspirated and replaced by RPMI 1640, 10% FCS, 2 mM glutamine, 100 U/ml
penicillin,100 pg/ml streptomycin, and 200 pug/ml G418. During the following five
days the media is replaced daily until dead cells and debris is washed out until single
colonies of cells are visible. Single colonies are isolated by separation with cloning
cylinders and releasing them from the surface by addition of 100 pl of 1x
trypsin/EDTA. Cells are transferred from the cloning cylinders to 4 ml of media and
plated in 6 well-plates. Single clones are expanded and the expression of ERRa in
several clones is tested via Western blotting. A cell clone with the highest expression

of ERRa is used for further studies.

Expression of recombinant ERRa

The vector containing ERRa described under 1.1. is used to transfer the cDNA for
ERRa to the expression vectors gpET28abc/attR that contains the "attR1" and
"attR2" recombination sites of the Gateway cloning system (Life Technologies).
These vectors allow the expression of recombinant his-tagged ERRw in bacteria
under the control of the T7 promoter. 150 ng of the "entry vector" pDONR-ERRo is
mixed with 150 ng of the "destination vector" gpET28abc/attR, 4 l of the LR Clonase
enzyme mix, 4 pl LR Clonase reaction buffer, added up with TE (Tris/EDTA) to 20 pl

-~ and incubated at 25°C for 60 minutes. Then, 2 pl of proteinase K solution is added

30

and incubated for 10 minutes at 37°C. 1 1l of the reaction mix is transformed into 50
I DH5a by a heat-shock of 30 seconds at 42°C after incubating cells with DNA for
30 minutes on ice. After heat-shock of the cells 450 pl of S.0.C. is added and cells
are incubated at 37°C for 60 minutes. Cells (100 pl) are plated on LB plates

containing 100 pg/mi ampicillin and incubated aver night.
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A colony that contains gpET28abc/attR with ERRa fused to the his-tag in the correct

reading frame is designated gpET/ERRa and used for expression of ERRa in

bacteria.

Purification of recombinant ERRa

11 LB broth including 100 pg/ml ampicillin is inoculated with 0.5 mi of an overnight
culture of E. coli M15(pREP4) that carries pDONR-ERRGa. The culture is incubated at
37°C with vigorous shaking until ODg, of 0.6. Expression is induced by adding 1 mM
IPTG and the culture is grown further for 4 hours. Cells are harvested by
centrifugation at 4000xg for 20 minutes at 4°C. Pellet is frozen at -20°C.

Cells are thawed on ice and resuspended in 2 ml/g cell pellet of lysis buffer (50 mM
NaH,PO4, pH 8.0, 300 mM NaCl, 10 mM imidazole). Then, lysozyme is added to 1
mg/mi and incubated on ice for 30 minutes. Then, cells are sonicated (six bursts of
10 seconds at 300 W). 10 ug/ml RNase A and 5 pg/ml DNase | is added and
incubated on ice for 10 minutes. Then, lysates are cleared by spinning debris at
10000xg for 20 minutes at 4°C. Then, protease inhibitors (40 pug/ml bacitracin, 4
ng/ml leupeptin, 4 pg/mi chymostatin, 10 pg/ml pefabloc, 100 uyM PMSF) are added.
3 ml of Ni-NTA resin (Qiagen) are added to the lysate and filled into a column.
Binding to the resin is allowed for 60 minutes at 4°C during gentle shaking. Then,
column outlet is opened, the resin washed twice with 12 ml wash buffer (50 mM
NaH,PO4, pH 8.0, 300 mM NaCl, 20 mM imidazole) and eluted with four times 3 ml
of elution buffer (50 mM NaH,PO4, pH 8.0, 300 mM NaCl, 250 mM imidazole). The
elution fraction that contains the recombinant protein is determined by SDS-PAGE
and protein concentration of the purified protein is determined by the method of
Bradford.

Fluorescence polarisation assay (especially for ERRa)

The fluorescence polarisation assay is used in order to find substances that directly

inhibit the interaction of the nuclear hormone receptor with its DNA binding site:Two

“complementary oligos containing the binding site (AGGTCA) for ERRa are

synthesized. One oligo: acgggtagag gtcactgtga cctctacceg (SEQ ID No. 5) is
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synthesized with TAMRA-labeled thymidin. The complementary oligo: cgggtagagg

tcacagtgac ctctaccegt (SEQ ID No.6) is synthesized without label.

In order to anneal both oligos, 10 uM of the TAMRA-labeled oligo and 15 uM of the
complementary oligo are mixed in 10 mM Tris/HCI, pH 7.5, 80 mM NaCl, 1 mM
EDTA. Oligos are incubated at 95°C for 5 minutes (reaction tube in a 2 | beaker filled
with boiling water) and cooled down to room temperature over night. DNA-binding
assays are performed in 96-well Fluotrac 200 plates (Greiner). Per well 150 pl 20 nM
of the annealed oligo are incubated with 40 nM of the nuclear hormone receptor in a
reaction buffer containing 10 mM Tris/HCI, pH 7.5, 100 mM NaCl, 0.1 mM EDTA, 1%
glycerol. Binding is allowed at 27°C for 2 hours. Substances according to the
invention are added in a concentration range from 0.1 - 100 ng/ml. Fluorescence is
monitored with a Polarion fluorometer (Tecan). Wells including binding buffer and

oligo are used as controls. 1 nM fluorescein is used to calibrate the fluorometer.

Phenotypic/cellular effects caused by ERRa

The following assays are performed with cell lines, e.g. THP-1 (Tsuchiya et al. 1980),
MonoMac 6 (Ziegler-Heitbrock et al. 1988) that are transiently or stably transfected
with ERRa and the read-outs are compared to mock-transfected cells. Additionally,
substances according to the invention are added in order to inhibit the effects caused
by ERRa.

Production and Release of Cytokines

Monocytic/macrophage cell lines are stimulated with various stimuli, like 10 nM PMA,
20 ng/ml M-CSF, 20 ng/ml GM-CSF, 20 pg/mi LPS (from Salmonella minnessota
Reb595) at cell densities between 2.5 and 5 x 10° cells/ml. Cells are harvested after 0,
1,3, 6, 12, 24, 48, and 72 hours, the supernatant frozen for further investigation,
cells are washed with PBS, and resuspended in 400 pl of RLT buffer (from Qiagen
RNeasy Total RNA Isolation Kit) with 143 mM B-mercaptoethanol, the DNA sheared
with a 20 g needle for at least 5 times and stored at —-70°C. "
Stimulation of cells by cigarette smoke is performed by a smoke-enriched media. 100
ml RPMI media without supplements is perfused with the cigarette smoke of 2
cigarettes. The smoke of the cigarettes is pulled into a 50 ml syringe (about 20
volumes of a 50-ml volumes per-cigarette) and then perfused into the media.
Afterwards, the pH of the media is adjusted to 7.4, and the media is filtersterilized

- through a 0.2 pm filter. Cells are resuspended in smoke-enriched media and
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incubated for 10 minutes at 37°C at a density of 1x10° cells/ml. Then, cells are
washed twice with RPMI 1640 and seeded in flasks or 24-well plates (MonoMac 6)
for the times indicated above.

Total RNAs are isolated with the Qiagen RNeasy Total RNA Isolation Kit (Qiagen)
according to the manufacturer’s protocol. Purified RNA is used for TagMan analysis.
The expression levels of cytokines TNFa, IL-1B, IL-8, and IL-6 are measured.

Detection of secreted cytokines

Proteins in the supernatants of the cultured and stimulated cells are precipitated by
adding TCA to a final concentration of 10%. Precipitates are washed twice with 80%
ethanol and pellets are resuspended in 50 mM Tris/HCI, pH 7.4, 10 mM MgCl,, 1 mM
EDTA. Protein concentration is determined via the Bradford method and 50 Mg of
each sample are loaded on 12% SDS polyacrylamide gels. Gels are blotted onto
PVDF-membranes, blocked for 1 hour in 5% BSA in TBST, and incubated for 1 hour
with commercially available antibodies against human TNFa, IL-18, IL-8, and IL-6.
After washing with TBST blots are incubated with anti-human IgG conjugated to
horseradish-peroxidase, washed again and developed with ECL chemiluminescence
kit (Amersham). Intensity of the bands are visualised with BioMax X-ray films (Kodak)
and quantified by densitometry.

Detection of secreted matrix metalloproteases and other proteases
The procedure is identical to the one used for cytokines. Antibodies used for Western
blotting are against human MMP-1, MMP-7, MMP-9, and MMP-12.

Activity of secreted matrix metalloproteases

Protease activity is determined with a fluorescent substrate. Supernatants isolated
from stimulated and unstimulated cells (described above) are incubated in a total
volume of 50 pl with 1 pM of the substrate (Dabcyl-Gaba-Pro-GIn-Gly-Leu-Glu
(EDANS)-Ala-Lys-NH2 (Novabiochem)) for 5 minutes at room temperature. Positive
controls are performed with 125 ng purified MMP-12 per reaction. Protease activity is
determined by fluorometry with an excitation at 320 nm and an emission at 405 nm.

In an alternative assay to determine proteolytic activity and cell migration a
chemotaxis (Boyden) chamber is used. In the wells of the upper parf of the chamber
cells (10° cells per well) are plated on filters coated with an 8 um layer of Matrigel
(Becton Dickinson). In the lower compartment chemoattractants like leukotriene B,
(10 ng/mi), MCP-1 (10 ng/ml) are added to the media. After five days filters are
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removed, cells on the undersurface that have traversed the Matrigel are fixed with
methanol, stained with the Diff-Quik staining kit (Dade Behring) and counted in three
high power fields (400x) by light microscopy.

Chemotaxis Assay

In order to determine chemotaxis a 48 well chemotaxis (Boyden) chamber
(Neuroprobe) is used. Cells are starved for 24 hours in RPMI media without FCS.
Chemoattractants, (50 ng/ml IL-8 , 10 ng/ml MCP-1, 10 nM lipoxin A4, leukotriene B,
(10 ng/ml), MCP-1 (10 ng/ml) and substances according to the invention are diluted
in RPMI media without FCS and 30 ul is placed in the wells of the lower
compartment. The upper compartment is separated from the lower compartment by
a polycarbonate filter (pore size 8 nm). 50 pl cell suspension (5x10*) are placed in the
well of the upper compartment. The chamber is incubated for 5 hours at 37°C in a
humidified atmosphere with 5% CO,. Then the filter is removed, cells on the upper
side are scraped off, cells on the downside are fixed for 5 minutes in methanol and
stained with the Diff-Quik staining set (Dade Behring). Migrated cells are counted in
three high-power fields (400x) by light microscopy.

Adherence Assay

Cells are harvested, washed in PBS and resuspended (4x10%/ml) in PBS and 1 uM
BCECF ((2-7"-bis-(carboxethyl)-5(6')-carboxyfluorescein acetoxymethyl) ester
(Calbiochem), and incubated for 20 minutes at 37°C. Cells are washed in PBS and
resuspended (3.3x10%ml) in PBS containing 0.1% BSA. 3x10° cells (90 pl) are added
to each well of a 96-well flat bottom plate coated with laminin (Becton Dickinson) and
allowed to settle for 10 minutes. Substances according to the invention are added
and plates are incubated for 20 minutes at 37°C. Cells are washed with PBS
containing 0.1% BSA and adherent cells are solubilized with 100 pl of 0.025 M NaOH
and 0.1% SDS. Quantification is performed by fluorescence measurement.

Phagocytosis

Cell suspensions (2.5x10* cells/ml) are seeded in 6-well plates with 5 ml of U937 or
THP-1 or in 24-well plates with 2 ml of MonoMac6 and incubated for 1 hour at 37°C
in a humidified atmosphere with 5% CO, in the presence of substances according to
the invention. 40 ul of a.d}spersed suspension of heat-inactivated Sacchéromyces
boulardii (20 yeast/cell) Aér‘eAadded to each well. Cells are incubated for three more

hours, washed twice with PBS and cytocentrifuged. The cytospin preparations are
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stained with May-Griinwald-Giemsa and phagocytosed particles are counted by light

microsopy.

Determination of energy balance (especially for ERRa)

Acidification of the medium by cells due to metabolic processes are monitored via
the Cytosensor microphysiometer system (Molecular Devices GmbH, Grafelfing,
Germany). 1x10° cells of a monocytic cell line stably expressing VP16/ERRq, a
constitutive active chimera of ERRa. (Sladek et al. 1997), are transiently transfected
with NRRE-MCAD-LUC (Sladek et al. 1997), a medium-chain acyl coenzyme A
dehydrogenase-luciferase reportergene construct containing NRRE1 (nuclear
receptor response element 1) as a binding site for ERRa and grown for 24 hours.
Then cells are seeded in a capsule of the cytosensor in RPMI 1640, 2.5% FCS and
grown over night at 37°C in 5% CO, in a humidified atmosphere. Before use, cells
are washed with serum-free RPMI 1640, 10 mM HEPES (pH 7.4). Substances
according to the invention (0.1 - 100 ng/ml) are added at time zero. Inhibition of
MCAD-mediated and ERRa-driven acidification of the medium is monitored over a
period of 120 minutes with cells treated with serum-free RPMI 1640, 10 mM HEPES
(pH 7.4) set as 100%.

Example 3: NR4A1 (nuclear receptor subfamily 4, group A, member 1)

A gene that is identified as consistently downregulated in individuals with COPD
codes for NR4A1 which is an orphan member of the nuclear hormone receptor
superfamily of transcription factors. It mediates cell proliferation in response to
growth factors in the nucleus. Besides, NR4A1 also regulates apoptosis through a
mechanism independent of transcriptional activity. In response to apoptotic stimuli,
NR4A1 is translocated from the nucleus to the cytoplasm, where it targets
mitochondria to induce cytochrome c release and apoptosis (Li et al. 2000).

NR4A1 (acc. D49728) is consistently found downregulated (44%) in . COPD smokers

compared to healthy smokers. This is shown by "fold change" values (Table 2 ). The



WO 03/014745 PCT/EP02/07937

23
p values for comparing two groups of COPD smokers and healthy smokers are 0.15

and 0.009.

Table 2 : Fold change values (FC) for comparisons between obstructed smoker and
5 healthy smokers. On average NR4A1 is downregulated by 1.6fold, the median is -1.4
fold.

Comp FC comp FC comp FC comp FC

1vs2 1.0 ovs43 |-3.1 39vs 57 |1.0 68 vs 66 |1.0

1vs37 |1.0 S5vs56 |-2.7 39vs 58 |-2.4 68 vs 69 |-6.8
1vs43 |-1.2 Svsb7 [1.0 39vs 62 |-1.3 68vs 76 |-3.4
1vs56 [1.0 5vs58 |-4.6 44vs2 (1.7 68vs 78 |-5.7
1vs57 (1.0 Svs62 |-3.1 44 vs 37 |-1.2 70vs 65 |-5.0
1vs 58 |-2.1 6vs2 1.0 44 vs 43 |-1.1 70vs 66 [1.0

1vs62 [1.0 6vs37 [1.0 44 vs 56 |1.1 70vs 69 |-6.1
3vs2 1.0 Bvs43 |-45 44 vs 57 |3.1 70vs 76 |-3.2
3vs37 |1.0 Bvs56 |-54 44 vs 58 (-2.0 70vs 78 |-5.2
3vs43 |-24 Bvs57 [1.0 44vs 62 (1.0 71vs 65 |-5.0
3vs56 |-2.0 6vs58 |-9.0 64 vs 65 |-1.5 71vs 66 |1.0

3vs57 |1.0 6vs62 (-7.5 64 vs 66 |1.0 71vs 69 [-5.9
3vs58 |-4.3 39vs2 |1.0 64 vs 69 |-1.7 71vs 76 |-3.0
3vs62 |-2.2 39vs 37 |1.0 64 vs 76 |1.1 71vs78 [-4.9
5vs2 1.0 39vs43 |-14 64vs 78 |-1.5

5vs37 |1.0 39vs 56 |-1.1 68 vs 65 |-5.7

The protein is cloned and assays are performed in an analogous manner to the

10 cloning and assays described hereinbefore.

Apoptosis Assay (especially for NR4A1)

The assay to determine the number of apoptotic cells is performed with the terminal
transferase kit by Roche Diagnostics (cat. No. 220582). Cell lines stably expressing

5 the nuclear hormone receptor are seeded in 8-well tissue culture plates with 5x10*
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per ml and stimulated with PMA (100ng/mi) to induce apoptosis. Simultaneously,

substances according to the invention are added to the cells ranging from 1 to 1000
ng/ml. 3 to 6 hours after stimulation cells are washed with PBS, 1 mM MgCl,, fixed
with 3% paraformaldehyde in PBS for 10 minutes and treated twice with PBS/50 mM
5 NH,Cl for 5 minutes. Then, cells are treated with for 5 minutes with PBS/0.5% Triton
X-100 at room temperature. Then, cells are washed twice with PBS and equilibrated
with 1x transferasebuffer for 10 seconds. After removing the transferasebuffer, 20 pl
of reaction mix (200 pl reaction mix consists of 40 pi 5x reaction buffer, 20 ul 25 mM
CaCl,, 1 yl dNTP rhodamin (tetramethylrhodamin-5—2'—desoxy-uridin-6'-triphosphate),
10 2yl (2U) terminal transferase, 137 pl H,0 bidest.) are added, covered with parafilm,
and incubated for 1 hour at room temperature without access of light in a humidified
atmosphere. The reaction is stopped by adding 50 mM EDTA, 50 mM EGTA, rinsed
for 2 minutes in PBS and incubated for 5 minutes at room temperature. The samples
are air dried and covered by glycerol. The percentage of labeled cells that represent

15 apoptotic cells is determined by fluorescence microscopy.
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Claims

A method for determining whether a substance is an activator or an inhibitor of
a function of a NHR-protein deregulated in a hyperactivated macrophage,
characterized in that the method comprises contacting the NHR-protein or
variant, mutant or fragment thereof having a NHR-protein function with a
substance to be tested whether it is an inhibitor or activator of a desired
function of the NHR-protein, and measuring whether the desired function is

inhibited or activated.

A method according to claim 1 in which the inhibition or activation of the desired

function is measured directly.

A method according to claim 1 in which the inhibition or activation of the desired

function is measured indirectly.

A method according to claim 1 in which the NHR-protein is a mammalian NHR-

protein.

A method according to claim 4 in which the NHR-protein is a human NHR-

protein.

A method according to claim 1 in which the analysis is performed using a

cellular system.

A method according to claim 1 in which the analysis is performed using a cell-

free system.

A method according to claim 1 in which said NHR-protein is selected from the
group consisting of ERRa (SEQ ID NO. 1); and NR4A1 (SEQ ID NO. 2).

A method according to claim 8 in which ERRa: (SEQ ID NO. 1) is used or a
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variant, mutant or fragment thereof having the same function.

A method according to claim 8 in which NR4A1 (SEQ ID NO. 2) is used or a

variant, mutant or fragment thereof having the same function.

A method according to claim 1 in which the function is DNA recognition and or
DNA binding.

A method according to claim 1 in which the function is protein recognition and

or protein binding.

A method for determining an expression level of a NHR-protein deregulated in
a hyperactivated macrophage comprising determining the expression level of

NHR-protein expressed in a macrophage.

A method according to claim 13 in which said macrophage is a mammalian

macrophage.

A method according to claim 14 in which said macrophage is a human

macrophage.

A method according to claim 13 in which said NHR-protein is selected from the
group consisting of ERRa (SEQ ID NO. 1); and NR4A1 (SEQ ID NO. 2).

A method according to claim 13 or 16 in which said expression level is
determined by determining the level of nucleic acid coding for a NHR-protein in

a macrophage.

A method according to claim 13 or 16 in which said expression level is

determined by determining the level of a NHR-protein.

A method according to anyone of claims 13-18 for diagnosis or monitoring of a

chronic inflammatory airway disease.
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A method according to claim 19 in which the chronic inflammatory airway

disease is selected from the group consisting of chronic bronchitis and COPD.

A method according to claim 13 in which the analysis is performed using a

macrophage or a part thereof obtainable from the site of inflammation.

A test system for determining whether a substance is an activator or an inhibitor
of a function a NHR-protein deregulated in a hyperactivated macrophage
comprising al least a NHR-protein or a variant, or a mutant, or a fragment

thereof having a NHR-protein function.

A test system according to claim 22 in which said NHR-protein is selected from
the group consisting of ERRa (SEQ ID NO. 1); and NR4A1 (SEQ ID NO. 2).

A test system according to claim 23 comprising a cell expressing a NHR-

protein.

A substance determined to be an activator or inhibitor of a NHR-protein

deregulated in a hyperactivated macrophage.

A substance which is an activator or inhibitor of a NHR-protein deregulated in a

hyperactivated macrophage for the treatment for a disease.

A substance according to claim 26 in which said disease is a chronic

inflammatory airway disease.

A substance according to claim 27 in which said chronic inflammatory airway

disease is selected from the group consisting of chronic bronchitis and COPD.

A pharmaceutical composition Comprising at least one substance determined to
be an activator or inhibitor of a NHR-protein deregulated in a hyperactivated

macrophage.
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Use of a substance determined to be an activator or inhibitor of a NHR-protein
for preparing a pharmaceutical composition for treating a chronic inflammatory

airway disease.

Use of a substance according to claim 30 in which the chronic inflammatory
airway disease is selected from the group consisting of chronic bronchitis and
COPD.

A method for treating a chronic inflammatory airway disease which method
comprises administering to a being in need of such treatment a suitable amount
of a pharmaceutical composition comprising at least one substance determined

to be an activator or inhibitor of a NHR-protein.

A method according to claim 32 for treating a mammal.

A method according to claim 32 for treating a human being.

A method according to claim 32 for treating a chronic inflammatory airway

disease selected from the group consisting of chronic bronchitis and COPD.

A method for selectively modulating a NHR-protein in a macrophage,
comprising administering a substance determined to be an activator or inhibitor

of a NHR-protein.

A method according to claim 36 in which the macrophage is involved in a

chronic inflammatory airway disease.

A method according to claim 37 in which the chronic inflammatory airway

disease is selected from the group consisting of chronic bronchitis and COPD.
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SEQUENCE LISTING OF THE DESCRIPTION

<110> Boehringer Ingelheim Pharma KG

<120> Method for identifying substances which positively

influence inflammatory conditions

<130> nuclear hormone receptor

<140>
<141>

<150> EP 01119003.0
<151> 2001-08-06 (SEQ ID NO.1l to 8)

<160> 10

<170> PatentIn Ver. 2.1
<210> 1

<211> 519

<212> PRT
<213> Homo sapiens ERRalpha

<400> 1
Met Gly Leu Glu Met Ser Ser Lys Asp Ser Pro Gly Ser Leu Asp Gly
1 5 10 . 15

Arg Ala Trp Glu Asp Ala Gln Lys Pro Gln Ser Ala Trp Cys Gly Gly
20 25 ' 30

Arg Lys Thr Arg Val Tyr Ala Thr Ser Ser Arg Arg Ala Pro Pro Ser |,
35 40 45

Glu Gly Thr Arg Arg Gly Gly Ala Ala Arg Pro Glu Glu Ala Ala Glu
50 55 60
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Glu

65

Gly

Ala

Glu

Glu

Pro

145

Gln

Leu

Cys

Glu

Arg

225

Met

Lys

Gly

Pro

Met

Pro

Pro

130

Gly

Gly

val

Glu

Tyr

210

Lys

Leu

Tyr

Pro

His

Ser

Ala

115

Pro

His

Ala

195

Ser

Ala

Lys

Lys

Pro

Ala

Ser

100

Ser

Val

Lys

Gly

Gly

180

Cys

Cys

Cys

Glu

Arg
260

Ala

Cys

85

Gln

Pro

Ala

Glu

Lys

165

Asp

Lys

Pro

Gln

Gly

245

Arg

Ala

70

Pro

Val

Asp

Leu

Glu

150

Leu

Val

Ala

Ala

Ala

230

Val

Pro

Pro

Thr

Val

Ser

Ala

135

Glu

Val

Ala

Phe

Ser

215

Cys

Arg

Glu

Gly

Ala

Gly

Pro

120

Pro

Asp

Leu

Ser

Phe

200

Asn

Arg

Leu

vVal

Ser

Leu

Ile

105

Lys

Gly

Gly

Ser

Gly

185

Lys

Glu

Phe

Asp

Asp
265

Leu

Pro

90

Glu

Gly

Pro

Glu

Ser

170

Tyr

Arg

Cys

Thr

Arg

250

Pro

Arg

75

Glu

Pro

Ser

Ala

Gly

155

Leu

His

Thr

Glu

Lys

235

Val

Leu

His

Pro

Leu

Ser

Pro

140

Ala

Pro

Tyr

Ile

Ile

220

Cys

Arg

Pro

Ser

Gln

Tyr

Glu

125

Thr

Lys

Gly

Gln

205

Thr

Leu

Gly

Phe

PCT/EP02/07937

Gly

Val

Ile

110

Thr

Arg

Pro

Arg

val

190

Gly

Lys

Arg

Gly

Pro
270

Pro

Thr

95

Lys

Glu

Cys

Gly

Leu

175

Ala

Ser

Arg

Val

Arg

255

Gly

Leu

80

Ser

Ala

Thr

Leu

Glu

160

Cys

Ser

Ile

Arg

240

Gln

Pro
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Phe

Pro

Leu

305

Val

Ser

Gln

vVal

Asp

385

Leu

Leu

Ser

Glu

Pro
465

Pro

Val
290

Tyr

Ala

Trp

Met

Ala

370

Leu

Gly

Glu

Asp

Ala

450

Gly

Ala

275

Asn

Ala

Thr

Ala

Ser

355

Gln

Val

Ala

Arg

Ser

435

Leu

Gly

Gly

Ala

Met

Leu

Lys

340

Val

Arg

Leu

Ala

Glu

420

Val

His

Gly

Pro

Leu

Pro

Cys

325

Ser

Leu

Ser

Asp

Leu

405

Glu

His

Glu

Ala

Leu

vVal

Asp

310

Asp

Ile

Gln

Leu

Glu

390

Leu

Tyr

Ile

Ala

Glu
470

Ala

Ser

295

Pro

Leu

Pro

Ser

Pro

375

Glu

Gln

Val

Glu

Leu

455

Arg

vVal

280

His

Ala

Phe

Gly

val

360

Leu

Gly

Leu

Leu

Asp

440

Leu

Ala

Leu

Gly

Asp

Phe

345

Trp

Gln

Ala

Val

Leu

425

Ala

Glu

Arg

Gly

Leu

Pro

Arg

330

Ser

Met

Asp

Arg

Arg

410

Lys

Glu

Tyr

Ala

Gly

Val

Asp

315

Glu

Ser

Glu

Glu

Ala

395

Arg

Ala

Ala

Glu

Gly

475

Pro

vVal

300

Gly

Ile

Leu

Val

Leu

380

Ala

Leu

Leu

val

Ala

460

Arg

Arg

285

Glu

His

Val

Ser

Leu

365

Ala

Gly

Gln

Ala

Glu

445

Gly

Leu

Lys

Pro

Leu

val

Leu

350

Val

Phe

Leu

Ala

Leu

430

Gln

Arg

Leu

PCT/EP02/07937

Thr

Glu

Pro

Thr

335

Sex

Leu

Ala

Gly

Leu

415

Ala

Leu

Ala

Leu

Ala

Lys

Ala

320

Ile

Asp

Gly

Glu

Glu

400

Arg

Asn

Arg

Gly

Thr
480
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PCT/EP02/07937

Leu Pro Leu Leu Arg Gln Thr Ala Gly Lys Val Leu Ala His Phe Tyr

485

490

495

Gly Val Lys Leu Glu Gly Lys Val Pro Met His Lys Leu Phe Leu Glu

500 505

Met Leu Glu Ala Met Met Asp
515

<210> 2

<211> 598

<212> PRT

<213> Homo sapiens NR4Al

<400> 2
Met Pro Cys Ile Gln Ala Gln Tyr Gly
1 5

Pro Arg Asp His Leu Ala Ser Asp Pro
20 25

Pro Thr Met Asp Leu Ala Ser Pro Glu
35 40

Ala Leu Pro Ser Phe Ser Thr Phe Met
50 55

Asp Thr Phe Leu Tyr Gln Leu Pro Gly
65 70

Ala Ser Ser Ser Ala Ser Ser Thr Ser
85

Ala Ser Ala Ser Phe Lys Phe Glu Asp
100 105

Thr
10

Leu

Ala

Asp

Thr

Ser

90

Phe

Pro

Thr

Ala

Gly

Val

75

Ser

Gln

Ala

Pro

Pro

Tyxr

60

Gln

Ser

val

Pro

Glu

Ala

45

Thr

Pro

Ala

Tyr

510

Ser

Phe

30

Ala

Gly

Cys

Thr

Gly
110

Pro

15
Ile
Pro
Glu
Ser
Ser

95

Cys

Gly

Lys

Thr

Phe

Ser

80

Pro

Tyr
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Pro

Ser

Ser

145

Phe

Leu

Ser

Leu

Ser

225

Glu

Ser

Asn

Gly

Ala
305

Gly

Asp

130

Phe

Ser

Pro

Pro

Phe

210

Met

Gly

Gly

Ala

Phe

290

Asn

Pro

115

Tyr

Gln

Pro

Lys

Pro

195

Pro

Pro

Ser

Ala

Ser

275

Phe

Lys

Leu

Tyr

Pro

Ser

Ala

180

Thr

Ser

Thr

Gly

Pro

260

Cys

Lys

Asp

Ser

Gly

Pro

Gln

165

Ser

Gly

Gln

Ala

Ile

245

Gly

Gln

Arg

Cys

Gly

Ser

Gln

150

Thr

Gly

Pro

Ala

Phe

230

Leu

Gly

His

Thr

Pro
310

Pro

Pro

135

Leu

Tyr

Pro

Ser

Thr

215

Pro

Asp

Ser

Tyr

vVal

295

Val

val
120
Cys
Ser
Glu
Pro
Pro
200
His
Gly
Thr
Glu
Gly
280

Gln

Asp

Asp

Ser

Pro

Gly

Gln

185

Ser

Gln

Leu

Pro

Gly

265

Val

Lys

Lys

Glu

Ala

Trp

Leu

170

Pro

Leu

Leu

Ala

Val

250

Arg

Arg

Asn

Arg

Ala

Pro

Asp

155

Arg

Pro

Ala

Gly

Pro

235

Thr

Cys

Thr

Ala

Arg

. 315

Leu

Ser

140

Gly

Ala

Ala

Gln

Glu

220

Thr

Ser

Ala

Cys

Lys

300

Arg

Ser

125

Pro

Ser

Trp

Phe

Ser

205

Gly

Ser

Thr

vVal

Glu

285

Tyr

Asn

Ser

Ser

Phe

Thr

Phe

190

Pro

Glu

Pro

Lys

Cys

270

Ile

Arg

PCT/EP02/07937

Ser

Thr

Gly

Glu

175

Ser

Leu

Ser

His

Ala

255

Gly

Cys

Cys

Cys

Pro

His

160

Gln

Phe

Lys

Tyr

Leu

240

Arg

Asp

Lys

Leu

Gln
320
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Phe

Val

Pro

Val

Ser

385

Gly

Ile

Ala

Leu

Cys

465

Asp

Leu

Thr

Cys

Arg

Lys

Arg

370

Lys

Asp

Arg

Asp

Arg

450

Ser

Trp

Val

Asp

Arg

Thr

Gln

355

Ala

Phe

vVal

Lys

Gln

435

Leu

Gly

Ile

Asp

Arg
515

Phe

Asp

340

Pro

His

Gln

Gln

Trp

420

Asp

Ala

Leu

Asp

val

500

His

Gln

325

Ser

Pro

Leu

Glu

Gln

405

Ala

Leu

Tyr

Val

Ser

485

Pro

Gly

Lys

Leu

Asp

Asp

Leu

390

Phe

Glu

Leu

Arg

Leu

470

Ile

Ala

Leu

Cys

Lys

Ala

Ser

375

Val

Tyxr

Lys

Leu

Ser

455

His

Leu

Phe

Gln

Leu

Gly

Ser

360

Gly

Leu

Asp

Ile

Glu

440

Lys

Arg

Ala

Ala

Glu
520

Ala

Arg

345

Pro

Pro

Pro

Leu

Pro

425

Ser

Pro

Leu

Phe

Cys

505

Pro

Val

330

Arg

Ala

Ser

His

Leu

410

Gly

Ala

Gly

Gln

Ser

490

Leu

Arg

Gly

Gly

Asn

Thr

Phe

395

Ser

Phe

Phe

Glu

Cys

475

Arg

Ser

Arg

Met

Arg

Leu

Ala

380

Gly

Gly

Ala

Leu

Gly

460

Ala

Ser

Ala

Val

Val

Leu

Leu

365

Lys

Lys

Ser

Glu

Glu

445

Lys

Arg

Leu

Leu

Glu
525

Lys

Pro

350

Thr

Leu

Glu

Leu

Leu

430

Leu

Leu

Gly

His

Val

510

Glu

PCT/EP02/07937

Glu

335

Ser

Ser

Asp

Asp

Glu

415

Ser

Phe

Ile

Phe

Ser

495

Leu

Leu

Val

Lys

Leu

Tyxr

Ala

400

val

Pro

Ile

Phe

Gly

480

Leu

Ile

Gln
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Glu

545

Glu

Lys

Met

<21

<211> 49

WO 03/014745

Arg

530

Pro

Leu

Leu

Asp

0> 3

Ile

Gln

Arg

Glu

Thr
595

<212> DNA

Ala

Pro

Thr

Asp

580

Leu

Ser Cys

Ala Ser

550

Leu Cys
565

Leu Val

Pro Phe

Leu Lys Glu His Val Ala Ala Val
535 540

Cys Leu Ser Arg Leu Leu Gly Lys
555

Thr Gln Gly Leu Gln Arg Ile Phe
570

Pro Pro Pro Pro Ile Ile Asp Lys
585 590

<213> Artificial Sequence

<22

0>

<223> Description of Artificial Sequence: primer

<40

0> 3

ggggacaagt ttgtacaaaa aagcaggcta tgggattgga gatgagctc

<21

<211> 50

0> 4

<212> DNA

<213> Artificial Sequence

<22

0>

<223> Description of Artificial Sequence: primer

<40

0> 4

ggggaccact ttgtacaaga aagctgggtt cagtccatca tggcctcgag

PCT/EP02/07937

Ala

Leu

Tyr

575

Ile

Gly

Pro

560

Leu

Phe
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<210> 5
<211> 30
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 5

acgggtagag gtcactgtga cctctacccg

<210> 6
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
<223>

oligonucleotide

<400> 6

cgggtagagg tcacagtgac ctctacccgt

<210> 7
<211>
<212>
<213>

DNA

<400> 7

agctcacagce
gccatgggat
gaagatgctc
acaagcagcc
gaggaggcgg
ctecggeccec
agccaggtgg
ccaaagggtt

cccactcget

gagcagggcg

2402

aagtccaggc
tggagatgag
agaaaccaca
ggcgggegcee
¢ggaggaggg
atgcctgecee
tgggcattga
cctcggagac
gcctcecagg

gtgggaagct

Homo sapiens ERRalpha

tagaggtaga
ctccaaggac
aagtgcctgg
gccgagtgag
gcecgecccgeg
gaccgcgctg
gcctetctac
agagaccgag
ccacaaggaa

ggtgctcagce

aacgtgagag
agccctggcea
tgcggtggga
gggacgcgge
gcceecggcet
ccggagcececece
atcaaggcag
cctectgtgg
gaggaggatg
tccctgcccé

Description of Artificial Sequence:

ccccacgget

gtctggatgg
ggaaaaccag
gcggtgggge
cactccggca
aggtgaccag
agccggccag
ccctggecce

gggagggggce
agcgcectctg

PCT/EP02/07937

oligonucleotide

ggggaagatt
aagagcttgg
agtgtatgct
ggcgeggecce
ctececgggeeg
cgccatgtcc
ccctgacagt
tggtccaget
tgggcctgge
cctggtctgt

60

120
180
240
300
360
420
480
540
600

30

30
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ggggacgtgg
ttcaagagga

atcaccaagc
ggcatgctca
cggcggccgyg
gtcgctggag
gtggttgage
ccagccgtgg
gccaagagca
agcgtgtgga
gagctggcct
ggggaactgg
cgagaggagt
gaagatgagc
tatgaagccg
ctgctcacge
gtgaagctgg
atggactgag
tcagccccaa
cagggctaat
gggtgtcaga
cataacggtg
gcgtgggagyg
gggtgatgcet
gagcaaaggc
cccecttgaa
cttccecate
tgcagagcaa
gcaagccagg
caaagagaaa
tc

<210> 8

<211> 2481

<212> DNA

cctceggeta
ccatccaggg
ggagacgcaa
aggagggagt
aggtggaccc
gccceceggaa
ctgagaagct
ctaccctctg
tcccaggett
tggaggtgct
tcgctgagga
gggctgeect
atgttctact
cgaggctgtg
gecgggetgg
taccgctcect
agggcaaggt
gcaaggggtyg
gggctgggge
gccatcagcece
agctgggaac
cccccagagt
cagaaaccta
tttgctgetg
ccatgcccece
gcaataactc
agctcccaac
taacactata
gccecagagcec

ccgcecttttgg

ccactatggt
gagcatcgag
ggcctgecag
gcgcectggac
actgcccttce
gacagcagcc
ctatgccatg
tgacctcttt
ctcatecgcetg
ggtgctgggt
cttagtcctg
gctgcaacta
aaaggccttg
gagcagctgc
cceeggaggg
ccgccagaca
gcccatgeac
ggactggtgg
ggagctgggg
cctgggaaca
gtgtgtccag
gtagggggcce
tctcagggag
cttaatccta
ttecgctectce
caagcagact
gagcctectce
tttatttttg
cttggctgta
ttttaaacct

<213> Homo sapiens NR4Al

<400> 8

cgaacttggg gggagtgcac agaagaactt

tgagactcgg ggcgccagte cgggcagggg
ccaagcccaa tatgggacac cagcaccgag

cccectgacce

cctgagtteca

tcaagcccac

9
gtggcatcct

tacagctgtc
gcctgeeget
cgcgtecgygg
ccgggceccecet
ccagtgaatg
cctgaccccg
gaccgagaga
tcgetgtctg
gtggcccage
gatgaagagg
gtgcggegge
gcecttgeca
gagaagctcc
ggtgctgage
gcgggcaaag
aagctgttct
gggttctgge
tctgggcecagt
ggccccacgce
gctctgggca
ttgcggaage
ggaaggggat
cccectette
ctctcatcat
ccagccectg
agggggtagg
ggtttggcca
cagagactct
ttaatgagaa

cgggagcgea
cagcgggage
tccgggaccece
catggacctg

gtgaggectg
cggcctccaa
tcaccaagtg
gtgggcggea
tccetgetgg
cactggtgte
caggccctga
ttgtggtcac
accagatgtc
gctcactgece
gggcacgggce
tgcaggccect
attcagactc
tgcacgaggc
ggcggcggge
tgctggccceca
tggagatgct
aggacctgcc
gcacagcctg
cctctectee
cagtgctgce
catagggggce
ggaggccaga
aaagcagagt
ttgcattggg
gacccctggg
agagcactgc
gggaggcgcea
attttaatgt

aaaaatatat

cgcgggacca
cggccggaga
cgtgaccacc

gccagceccceg

PCT/EP02/07937

caaagcctte
cgagtgtgag
cctgegggtg
gaagtacaag
gcccctggea
tcatctgcetg
tgggcacctc
catcagctgg
agtactgcag
actgcaggat
agctggcctg
gcggctggag
tgtgcacatc
cctgctggag
gggcaggctyg
tttctatggg
cgaggccatg
tagcatgggg
ctggcagggce
ccctectagg
ccttgcaage
tgcacgggat
gtectccecagt
gggacttgga
cattagtgtc
gtggccaggg
ctctatgccce
gggacatggg
atatttgctg

aataccgagc

gggaccaggc
tgccctgtat
tggcaagcga

aggcagccce

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2402

60

120
180
240
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cgctgcececcee
tgacaccttc
ggcctectcece
ggacttccag
gtcctccagt
cagcttcecag
ccagacttac
acagcctcca
gagccccectg
ttccatgect
gatactggat
aggccgcetgt
tgagggctge
ggctaacaag
ccagaagtgce
gcggegggge
cctcacttece
ctccaagtte
gcagttctac
ccctggettt
ggagctcttc
ctgctcaggce
cagtatcctg
ctgcctctet
ggaggagctg
cgagccccag
cctgtgcacc
tccacccatce
ggaacacgtg
accccagagce
caaaggggat
gtgacccacg
gataaaccgt
caggaagaaa
tgggcagcect
tgtacataaa
tgtattttce

aaaaaataga

<210> 9
<211> 63
<212> DNA

actgccectge
ctctaccage
acatcctcgt
gtgtacggcet
ggctctgact
ccgccecage
gaaggcctge
gcecttetttt
aagttgttce
acggccttce
acacccgtga
gctgtgtgtg
aagggcttcet
gactgccctg
ctggeggtgg
cggctacctt
ctggtcecgtg
caggagctgg
gacctgctct
gctgagctgt
atcctecgece
ctggtgctac
gccttctcaa
gcecttgtcec
cagaaccgca
ccagccagcet
cagggcctge
attgacaaga
tgcacatgcg
acccccaagc
gaagggaggyg
atgtgttctt
ttttaacaca
gagcttgagg
ttccagectce
ctgtcactct
aggatttata
catgtagttg

ccagcttcag
tgccaggaac
cctcagccac
gctaccecgg
actatggcag
tctecteectg
gggcatggac
ccttcagtcce
cctcacaggce
caggtttggce
cctcaaccaa
gggacaacgc
tcaagcgcac
tggacaagag
gcatggtgaa
caaaacccaa
cacacctgga
tgctgcececa
ccggttetet
caccggctga
tggcgtacag
accggctgca
ggtccctgea
tcatcaccga
tcgeccagetg
gcctgtcacg
agcgcatctt
tcttcatgga
cactctctca
ctgggcttag
aggctcaagg
atcccececcececeg
tagcgecegtg
tgggagcggg
ctgctgggcet
aggaagaaga
gtatgtgact
g

<213> Artificial Sequence

10

caccttcatg
agtccagcca
ctccectgee
cccectgage
cceectgetceg
ggatggctce
agagcagctg
tcccaccgge
cacccaccag
acccacttct
ggcceggage
ttcatgccag
aétgcagaaa
gcggcgaaac
ggaagttgtc
gcagccccca
ctcagggccc
ctttgggaag
ggaggtcatc
ccaggacctg
gtctaagcca
gtgtgcccegt
cagcttgett
ccggcatggg
cctgaaggag
tctgttgggce
ctacctcaag
cacgctgcecc
tatgccaccce
ctgcagaaca
cccttggggg
cctggccace
ctgtaaataa
ctgggaggaa
ctctcttect
caaatgacag
tttctgatta

gacggctaca
tgctectceag
tctgcttect
ggcccagtgg
gcccegtege
ttecggccact
cccaaagcect
cccagcccca
ctgggggagg
ccacaccttg
ggggccceag
cattatggtg
aacgccaagt
cgctgeccagt
cgaacagaca
gatgcctcece
agcactgcca
gaagatgctg
cgcaagtggg
ttgctggagt
ggcgagggca
ggcttecgggg
gtcgatgtce
ctgcaggage
cacgtggcag
aaactgcccg
ctggaggact
ttctgacccce
catgtgectt
gagggacctg
agggggatge
ggcctttatg
gcccagtact
gggatgggcc
accctcctte
attctgacca
atatatttaa

PCT/EP02/07937

caggagagtt
cctcctecte
tcaagttcga
atgaggccct
cctccacgee
tctegeceag
ctgggcccee
gcctggceccea
gagagagcta
agggcteggyg
gtggaagtga
tccgcacatg
acatctgcect
tctgecegett
gcctgaaggg
ctgccaatct
aactggacta
gggatgtaca
cggagaagat
cggccttect
agctcatctt
actggattga
ctgccttege
cgcggegggt
ctgtggeggg
agctgcggac
tggtgccece
tgcctgectg
tagtccacgg
ctcacctgcc
cttcatgggg
ttttttgtaa
gctgtaaata
ccggecttcee
cacatgtaca
tttatatttg
tatattgaat

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2481
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<220>

<223> Description of Artificial Sequence: primer

<400> 9
ggccagtgaa ttgtaatacg actcactata gggaggcggt tttttttttt tttttttttt 60
ttt 63

<210> 10

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer

<400> 10
gtcgtcaaga tgctaccgtt cagga 25
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