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(57) ABSTRACT

The present invention relates to a method for diagnosing
Lyme disease in a subject, the method comprising the steps
of: (a) obtaining a saniple from said subject, (b) contacting
said sample with a source of Borrelia antigens and (c) deter-
mining the expression level of a pro-inflammatory cytokine in
said sample at the end of step (b).
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1
METHOD FOR DIAGNOSING LYME
DISEASE USING A CELLULAR
IMMUNOLOGICAL TEST

CROSS REFERENCE TO RELATED
APPLICATIONS

The present applicationis the 35 U.S.C. 371 National Stage
of International Application Number PCT/NL2011/050639,
filed Sep. 21, 2011, which claims the benefit of U.S. Provi-
sional Application No. 61/384,820, filed Sep. 21, 2010 and
claims priority from Furopean patent application
EP10178060.9, filed Sep. 21, 2010, the contents of each of
which are incorporated herein by reference.

SEQUENCE LISTING SUBMISSION VIA
EFS-WEB

A computer readable text file, entitled “031902-5006-US-
SEQ ST25.txt”, created on or about Mar. 15, 2013, with a file
size of about 31 KB contains the sequence listing for this
application and is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to a method for diagnosing
Lyme disease in a subject, using the determination of a pro-
inflammatory cytokine expression level.

The present specification makes reference to a Sequence
Listing (submitted electronically as a .txt file named
“13824321_SeqList” on Feb. 17, 2015). The .txt file was
generated on Feb. 11, 2015 and is 31,615 bytes in size. The
entire contents of the Sequence Listing are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Lyme disease or Lyme borreliosis is a vector-borne, mul-
tisystem inflammatory bacterial illness transmitted to
humans by the bite of ticks (Ixodes species) carrying spiro-
chetes of the genius Borrelia. The disease presentation varies
widely, and may include rash and flu-like symptoms in its
initial stage, and musculoskeletal, arthritic, neurologic, psy-
chiatric and cardiac manifestations in later stages.

Lyme disease is clinically manifested in three phases as:

early localized disease with skin inflammation,

early disseminated disease (such as heart and nervous sys-

tem involvement, including palsies and meningitis)
late disseminated disease (such as motor and sensory nerve
damage and brain inflammation and arthritis).

Due to the difficulty in culturing the Borrelia spirochetes in
the laboratory, diagnosis of Lyme disease is typically based
on the clinical examination findings and a history of exposure
to endemic Lyme areas. The laboratory tests most widely
used are serological tests based on an Enzyme-linked immu-
nosorbent assay (ELISA) test detecting antibodies to Borrelia
species, mostly B. burgdorferi, B. garinii and B. afzelii (see
for example WO 94/19697). This method is unfortunately
characterized by a poor sensitivity and specificity, which
sometimes provides false-positive results, and very often is
not able to diagnose infected patients. Therefore, humoral
immunological tests based on antibody detection are not a
reliable basis for diagnosis of Lyme disease.

Western blot test may also be used to confirm positive
results from an ELISA. The Western blot detects antibodies to
several proteins of Borrelia species.
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Tt is also possible to detect bacterial DNA in fluid drawn
from an infected joint or other body sites using Polymerase
chain reaction (PCR). This method is used for people who
may have chronic Lyme arthritis. It may also be used to detect
persistent infection in the cerebrospinal fluid of people who
have nervous system symptoms. However, the sensitivity of
PCR techniques is also low.

If diagnosed in the early stages, the disease can be cured
with antibiotics. If left untreated, complications involving
joints, the heart, and the nervous system can occur. It is
therefore crucial to be able to specifically detect/diagnose
Lymediseaseinan early stage in order to avoid complications
that may develop in later stages.

The significant disadvantages (poor sensitivity and speci-
ficity) of humoral immunity tests (ELISA and Western-blot)
and PCR lead to a significant medical need for better diag-
nostic tests for diagnosing Lyme disease.

DESCRIPTION OF THE FIGURES

FIG. 1. Peripheral blood mononuclear cells (PBMC) were
isolated from healthy volunteers (C) and patients with Lyme
disease (P). 1.10° cells/ml were stimulated for 24 h with
Borrelia species (1.10°/ml). Thereafter IL-1p was deter-
mined by ELISA.

FIG. 2 Peripheral blood mononuclear cells (PBMC) were
isolated from healthy volunteers (C) and patients with Lyme
disease (P). 1.10° cells/ml were stimulated for 48 h with
Borrelia species (1.10°/ml). Thereafter IFNy was determined
by ELISA.

FIG. 3 Peripheral blood mononuclear cells (PBMC) were
isolated from control, possible, probable and proven Lyme
patients and stimulated with 1.10° Borrelia burgdoferi cells/
ml for 24 h. Thereafter [FNy or IL-1} was determined by
ELISA.

DESCRIPTION OF THE INVENTION

Diagnosis Method

In a first aspect, the invention relates to a method for
diagnosing Lyme disease in a subject, the method comprising
the steps of:

(a) obtaining a sample from said subject,

(b) contacting said sample with a source of Borrelia anti-

gens and

(c) determining the expression level of a pro-inflammatory

cytokine in said sample at the end of step (b).

In the context of the invention, “diagnosing Lyme disease”
preferably means that a diagnosis is reached in at least the
following cases presented below:

The Lyme disease may be diagnosed at an early stage
before a classical test will diagnose it.

In this context “early stage” preferably means shortly after
the clinical apparition of symptoms of local skin inflamma-
tion (EM) or before the stage wherein the disease has dis-
seminated into the heart and/or nervous system or early dis-
seminated into the heart and/or nervous system and/or before
the stage of a disseminated disease involving featuring motor
and sensory nerve damage and brain inflammation and arthri-
tis also called a late disseminated disease involving featuring
motor and sensory nerve damage and brain inflammation and
arthritis as defined later herein.

Local skin inflammation is not always easily recognized or
is not always easily recognizable (i.e. atypic EM) by the
physician. The method of the invention could provide a spe-
cific diagnostic of the Lyme disease at an early stage in these
cases. In this context “early stage” preferably means before
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the stage wherein the disease has disseminated into the heart
and/or nervous system or early disseminated into the heart
and/or nervous system and/or before the stage of a dissemi-
nated disease involving featuring motor and sensory nerve
damage and brain inflammation and arthritis also called a late
disseminated disease involving featuring motor and sensory
nerve damage and brain inflammation and arthritis as defined
later herein.

Alternatively some 20% or 30% of the Lyme patients will
not develop EM. For these patients, the method of the inven-
tion also provides a specific diagnostic of the Lyme disease,
preferably at an early stage preferably before the stage
wherein the disease has disseminated into the heart and/or
nervous system or early disseminated into the heart and/or
nervous system and/or before the stage of a disseminated
disease involving featuring motor and sensory nerve damage
and brain inflammation and arthritis also called a late dis-
seminated disease involving featuring motor and sensory
nerve damage and brain inflammation and arthritis as defined
later herein.

The disease may also be diagnosed using a method of the
invention in a later stage in case the patient will consult a
physician in a later stage. A later stage is preferably before the
stage wherein the disease has disseminated into the heart
and/or nervous system or early disseminated into the heart
and/or nervous system and/or before the stage of a dissemi-
nated disease involving featuring motor and sensory nerve
damage and brain inflammation and arthritis also called a late
disseminated disease involving featuring motor and sensory
nerve damage and brain inflammation and arthritis as defined
later herein. In a later stage of the disease the method of the
invention is also attractive compared to classical methods
since at this later stage classical methods may not give a
positive response or may give a positive response. However,
classical methods often give false positive responses.

Alternatively, the disease may be diagnosed when the dis-
ease has disseminated into the heart and/or nervous system
and/or at the stage of a disseminated disease involving nerve
damage, brain inflammation, or arthritis also called a late
disseminated disease involving nerve damage, brain inflam-
mation, or arthritis and/or at the stage wherein the disease
may become persistent or refractory to a 2 weeks antibiotic
treatment. The clinical apparition of symptoms of local skin
inflammation may be assessed by the physician. Local skin
inflammation is usually characterized by an Erythema
migrans (EM) that occurs at the site of the tick bite. The rash
is usually salmon to red-colored; the color may cover the
entire lesion or may have an area in the centre that is flesh-
colored. In some cases, the rash consists of multiple rings,
which give it a “bull’s eye” appearance.

Preferably, the invention relates to a method for diagnosing
Lyme disease shortly after the clinical apparition of symp-
toms of local skin inflammation (EM) in an subject, the
method comprising the steps of:

(a) obtaining a sample from said subject,

(b) contacting said sample with a source of Borrelia anti-

gens and

(c) determining the expression level of a pro-inflammatory

cytokine in said sample at the end of step (b).

The assessment that the disease has already reached a stage
wherein it has disseminated into the heart and/or nervous
system may be assessed using serology, which has a poor
sensitivity and specificity.

The assessment that the disease has already reached a
disseminated stage with, among others, featuring motor and
sensory nerve damage and brain inflammation and arthritis,
also called a late disseminated stage with, among others,
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featuring motor and sensory nerve damage and brain inflam-
mation and arthritis may be assessed using PCR to detect
bacterial DNA in these organs/tissues. However, organ biop-
sies are very seldom available for testing in patients with
chronic Lyme disease.

In this context, “shortly after the clinical apparition of
symptoms of local skin inflammation (EM)” 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 least 20 days, at least 25 days, at least
30 days or more after the clinical apparition of symptoms of
local skin inflammation.

In this context, “shortly after the clinical apparition of
symptoms of local skin inflammation (EM)” preferably
means before the stage wherein the disease has disseminated
into the heart and/or nervous system or early disseminated
into the heart and/or nervous system and/or before the stage of
adisseminated disease involving featuring motor and sensory
nerve damage and brain inflammation and arthritis also called
a late disseminated disease involving featuring motor and
sensory nerve damage and brain inflammation and arthritis.
In this context, “before” 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
least 20 days, at least 25 days, at least 30 days or more before
the stage wherein the disease has disseminated into the heart
and/or nervous system or early disseminated into the heart
and/or nervous system and/or before the stage of a dissemi-
nated disease involving featuring motor and sensory nerve
damage and brain inflammation and arthritis also called a late
disseminated disease involving featuring motor and sensory
nerve damage and brain inflammation and arthritis.

In the context of the invention, diagnosis preferably means
apredictive risk assessment of the subsequent development of
Lyme disease in a subject.

In the context of the invention, a subject may be an animal
or a human being. The diagnosis method may be applied as
often as necessary in a subject. Preferably, a subject diag-
nosed is a subject suspected to have a high risk of having or
developing chronic Lyme disease, due for example to the fact
that this subject lives in a region wherein the Lyme disease is
common, this subject spends alot of time outdoors, including
a subject who works outdoors, gardens, or participates in
outdoor activities such as hunting or hiking or subject has a
pet. Preferably, a subject is a human being. In a preferred
method, the Lyme disease is diagnosed when step (c) leads to
the finding of a detectable expression level or an increase of
the expression level of a pro-inflammatory cytokine.

A pro-inflammatory cytokine is a cytokine that is able to
promote systemic inflammation.

A pro-inflammatory cytokine is preferably selected from
the group consisting of IL-1p, or [FNy, IL-6, and IL-17. Good
results were obtained using IL-1p. IL-1f is therefore a pre-
ferred pro-inflammatory cytokine in this context.

Optionally in a method of the invention, one may compare
the expression level of a pro-inflammatory cytokine as deter-
mined in step (¢) with a reference value for said expression
level, the reference value preferably being the average value
for said expression level in a control sample. In the context of
the invention, “a reference value” for the expression level of
a pro-inflammatory cytokine is preferably the average value
for said expression level in a control sample. A control sample
may be derived from a control subject or from control sub-
jects or from the medium or culture medium used for step (b).
A control subject may be a subject who do not live ina region
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at risk or who does not spend a lot of time outdoors. A
pro-inflammatory cytokine tested may be not detectable in ““a
reference value”. Said reference value may therefore be 0 or
nor detectable in an assay as defined herein. In other words,
said cytokine may not be detectable in a control sample.
The assessment of the expression level of the respective
pro-inflammatory cytokine may be directly realised at the
protein expression level (quantifying the amount of the cytok-
ine), and/or indirectly by quantifying the amount of a nucle-
otide sequence encoding the respective cytokine (the value
from a subject wherein the method is being carried out and
optionally the reference value from a control sample). A
nucleotide acid sequence encoding a human IL-1f, IFNy,
1L-6, IL-17 is given as SEQ ID NO:1, 2, 3, 4 respectively. A
corresponding amino acid sequence of human 1L.-1(, IFNy,
1L-6,1L-17is given as SEQ IDNO:5, 6, 7, 8 respectively. The
skilled person will understand that it is possible to isolate
multiple iso forms of each of the identified pro-inflammatory
cytokine depending on the subject to be tested.
In apreferred embodiment, a pro-inflammatory cytokine to
be quantified has:
at least 60% (or at least 65%, at least 70%, at least 75%, at
least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 97%, at least 99% or more or 100%)
identity or similarity with SEQID NO:3, 6,7, or 8 and/or

is encoded by a nucleotide acid sequence which has at least
60% (or at least 65%, at least 70%, at least 75%, at least
75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 99% or more or 100%) iden-
tity or similarity with SEQ ID NO:1, 2, 3, or 4.
In another preferred embodiment, a nucleotide acid
sequence encoding the respective pro-inflammatory cytokine
to be quantified has:
at least 60% (or at least 65%, at least 70%, at least 75%, at
least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 97%, at least 99% or more or 100%)
identity or similarity with SEQIDNQ:1, 2, 3 or 4 and/or

encodes an amino acid sequence of the pro-inflammatory
cytokine (e.g. IL-1p, IFNy, IL-6, IL-17) that has at least
60% (or at least 65%, at least 70%, at least 75%, at least
75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 99% or more or 100%) iden-
tity or similarity with an amino acid sequence encoded
by SEQ ID NO:1,2,3 or 4.

Identity and similarity are later herein defined. The quan-
tification of the amount of a nucleotide sequence encoding a
pro-inflammatory cytokine is preferably performed using
classical molecular biology techniques such as (real time)
PCR, arrays or northern analysis. In this embodiment, a
nucleotide sequence encoding a pro-inflammatory cytokine
means a messenger RNA (mRNA). Alternatively, according
to another preferred embodiment, in a diagnosis method the
expression level of a pro-inflammatory cytokine is deter-
mined directly by quantifying the amount of said pro-inflam-
matory cytokine Quantifying a polypeptide amount may be
carried out by any known technique. Preferably, a polypep-
tide amount is quantified using a molecule which specifically
binds to said pro-inflammatory cytokine Preferred binding
molecules are selected from: an antibody, which has been
specifically raised for recognizing said pro-inflammatory
cytokine, any other molecule which is known to specifically
bind said pro-inflammatory cytokine. Such antibody could be
used in any immunoassay known to the skilled person such as
western blotting, or ELISA (Enzyme-Linked Immuno Sor-
bent Assay) or FACS (Fluorescence Activated Cell Sorting)
using latex beads. The preparation of an antibody is known to
those skilled in the art. A short explanation of methods that
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could be used to prepare antibodies is later herein given.
Suitable antibodies are commercially available. For example
antibodies from R&D systems could be used to assess IL-13,
IL-6,IL-17 or IFNy. Such antibodies could be used for assess-
ing such cytokine by ELISA (duo-set). In the context of the
invention, any other molecule known to bind the cytokine
tested may be a nucleic acid, e.g. a DNA regulatory region, a
polypeptide, a metabolite, a substrate, a regulatory element, 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. Examples of mol-
ecules known to bind a pro-inflammatory cytokine, include a
receptor for said pro-inflammatory cytokine, an antibody
directed against said pro-inflammatory cytokine. In case,
IL-1p is chosen as a pro-inflammatory cytokine, a preferred
anti-IL1{ antibody is the IL-1F2 (from R&D systems) anti-
body. Binding of a pro-inflammatory cytokine 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 understand that alterna-
tively or in combination with the quantification of a nucleic
acid sequence encoding a pro-inflammatory cytokine tested
and/or a corresponding polypeptide, the quantification of a
substrate of a corresponding polypeptide or of any compound
known to be associated with a function or activity of a corre-
sponding polypeptide or the quantification of a function or
activity of a corresponding polypeptide using a specific assay
is encompassed within the scope of the diagnosis method of
the invention. For example, trans-activation of a target gene of
a pro-inflammatory cytokine or a molecule known to bind a
pro-inflammatory cytokine can be determined and quantified,
e.g., inatransient transfection assay in which the promoter of
the target gene is linked to a reporter gene, e.g., P-galactosi-
dase or luciferase. Such evaluations can be done in vitro or in
Vivo or ex vivo.

A method of the invention may encompass determining the
expression level of at least one, or two or three or four pro-
inflammatory cytokines in a sample at the end of step (b). For
example IL-1( and IL-6 or IFNy and IL.-17 could be assessed.
It 1s expected that IL-1p and IL-6 are produced within 48
hours of culture, whereas IFNy and 11.-17 are expected to be
produced within 7 days of culture.

In a method of the invention, a sample from a subject is
used. A method of the invention is therefore an in vitro or ex
vivo method. A sample preferably comprises or consists of a
fluid obtained from a subject. More preferably, a fluid com-
prises or consists of or is selected from: urine, blood, spinal
cord fluid, saliva, semen, or bronchoalveolar lavage. A pre-
ferred fluid is, comprises, consists of or is derived from blood.
Blood may be diluted before being further used. The dilution
may be 1:4, 1:5 or 1:6. The dilution is preferably carried out
in amedium, preferably a culture medium such as RPMI 1640
or a buffered solution.

In a method of the invention, said obtained sample of step
(a) is subsequently contacted with a source of Borrelia anti-
gens. The contacting step may have a duration of at least 1, 2,
3,4,5,6,7,8up to 24 hours, or longer. Preferably the contact
has a duration of 4-96 hours. This contact step may be a
culture step in a culture medium such as RPMI 1640. At least
10* and up to 10° bacteria may be inoculated at the start of the
contacting step. Preferred species of Borrelia as a source of
Borrelia antigens include: B. burgdorferi, more preferably
the strain ATCC 35210, B. garinii, more preferably the strain
ATCC 51383 and B. afzelii, more preferably the strain ATCC
51567. Therefore, in step (b) the Borrelia antigen is prefer-
ably from a species of Borrelia selected from: B. burgdorferi,
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B. garinii and B. afzelii. These strains are preferred since they
are the most widely present in Europe and in America.

A source of a Borrelia antigen may mean that a whole
Borrelia cell or a Borrelia cell is being used. In a preferred
embodiment, a whole Borrelia cell or a Borrelia cell is heat-
inactivated or formalin fixated. Heat-inactivated could be
replaced by heat-killed. The skilled person knows how to
obtain heat-inactivated or formalin fixated Borrelia cells.
Heat-inactivated cells are preferably prepared by heating at
52,53, 54,55 or 56 for 20, 25 or 30 minutes. More preferably
heat-inactivated cells are prepared by heating at 52° C. for 30
minutes. Formalin fixated cells may be obtained by contact-
ing the cells with formaldehyde for 40, 50, 60 minutes. More
preferably, cells are contacted or transferred to 4% formalde-
hyde for one hour. Subsequently cells are washed several
times with a saline buffer such as PBS (Phosphate Buffered
Saline) buffer.

Alternatively, part of a Borrelia cell may be used. A part of
a Borrelia cell is preferably an antigenic part thereof; it com-
prises or consists of an antigen. An antigen may be a protein,
a digest of the protein and/or a fragment thereof, which may
be in a purified form or may be comprised within a crude
composition, preferably of biological origin, such as a lysate,
sonicate or fixate of a Borrelia. Alternatively, an antigen may
be chemically synthesized or enzymatically produced in
vitro. The source of a protein, or fragment thereof as antigen,
may also be anucleic acid encoding said, or fragment thereof,
from an RNA or DNA template. In a preferred embodiment,
a source of a Borrelia antigen is a whole Borrelia cell or an
antigen from said cell.

The use of a whole Borrelia cell is attractive and preferred
above the use of a part of a cell for at least two reasons. The
use of awhole cellis easier and cheaper for the skilled person.
There is no need to identify and subsequently synthesize
suitable parts (i.e. antigenic parts) of a cell. In addition, by
using a whole cell, all potential suitable part (i.e. all antigens)
of said cell are present. The diagnostic method is therefore
expected to be far more sensitive and efficient than a corre-
sponding diagnostic method carried out using a given anti-
gen.

In a preferred method wherein in step (b) several species of
Borrelia are used as a source of a Borrelia antigens, the
sample of step (a) is divided into several sub-samples, each
sub-sample being contacted with a source of antigens from
one species of Borrelia. This preferred method may allow us
to identify the Borrelia species that infected a given subject.

Subsequently, the expression level of a pro-inflammatory
cytokine is determined in said sample at the end of step (b).
First a nucleotide sequence encoding said pro-inflammatory
cytokine and/or said pro-inflammatory cytokine are extracted
and optionally purified using known methods to the skilled
person. In a preferred embodiment, at the end of step (b), the
supernatant is isolated by centrifugation. Centrifugation may
be carried out at 1200 rpm and at 4° C. Alternatively, one may
add a detergent to the sample at the end of step b). Several
detergents could be used such as Triton X 0.1%. Adding a
detergent is attractive since it is expected that no centrifuga-
tion step is needed. One may determine the expression level
of a pro-inflammatory cytokine in the sample comprising said
detergent, which is also called a cell lysate.

In a more preferred diagnostic method, Lyme disease is
diagnosed when the expression of a pro-inflammatory cytok-
ine is detectable or detected and optionally when the com-
parison leads to the finding of a detectable expression of said
pro-inflammatory cytokine and/or an increase of the expres-
sion level of said pro-inflammatory cytokine. In control sub-
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jects and in control samples as defined before, pro-inflamma-
tory cytokine expression is generally not detectable.

Detection of the expression of a pro-inflammatory cytok-
ine or an increase of the expression level of said pro-inflam-
matory cytokine and/or an increase or a detection of the
expression level of a nucleotide sequence encoding said pro-
inflammatory cytokine (or steady state level of said pro-in-
flammatory cytokine) is preferably defined as being a detect-
able expression level or a detectable change of the expression
level of said pro-inflammatory cytokine and/or of a nucle-
otide sequence encoding said pro-inflammatory cytokine (or
steady state level of the encoded pro-inflammatory cytokine
or any detectable activity of said pro-inflammatory cytokine
or detectable change in a biological activity of said pro-
inflammatory cytokine) using a method as defined earlier on
as compared to the expression level of said pro-inflammatory
cytokine and/or of a corresponding nucleotide sequence (or
steady state level of the corresponding encoded pro-inflam-
matory cytokine) in a control subject or in a control. Accord-
ing to a preferred embodiment, detection or an increase of a
pro-inflammatory cytokine activity is quantified using a spe-
cific mRNA assay for said pro-inflammatory cytokine gene as
earlier defined herein. Preferably, an increase of the expres-
sion level of a nucleotide sequence encoding a pro-inflam-
matory cytokine means an increase of at least 5% of the
expression level of said nucleotide sequence using PCR. Pre-
ferred primers used for the PCR are identified as SEQ ID
NO:9 and SEQ ID NO:10 when a pro-inflammatory cytokine
is IL-1f: forward CAGCTACGAATCTCCGACCAC and
reverse GGCAGGGAACCAGCATCTTC. More preferably,
an increase of the expression level of a nucleotide sequence
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.

Preferably, an increase of the expression level of a pro-
inflammatory cytokine means an increase of at least 5% of the
expression level of said pro-inflammatory cytokine using
western blotting and/or using ELISA or a suitable assay.
More preferably, 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.

Preferably, an increase of a pro-inflammatory cytokine
activity means an increase of at least 5% of the polypeptide
activity using a suitable assay. More preferably, anincrease of
the 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.
In a most preferred diagnostic method, Lyme disease is diag-
nosed when the detection or comparison leads to the finding
of a detectable level or an increase of the level of expression
of a pro-inflammatory cytokine or an increase or a detection
ofthe expression level of a nucleotide sequence encoding said
pro-inflammatory cytokine, said detection or increase being
detected at the level of the amino acid sequence of said
pro-inflammatory cytokine, more preferably an increase of at
least 5% of the expression level of said pro-inflammatory
cytokine using ELISA as defined herein.

The method of the invention is attractive since the diagno-
sis is reached early enough in order to treat a diagnosed
subject to prevent damage. Furthermore, this method is non-
invasive, simple, reproducible, sensitive, specific, and time
and cost efficient.

Assay Device

In a second aspect, an assay device is provided for diag-
nosing Lyme disease in a subject, wherein said device com-
prises a molecule which specifically binds a pro-inflamma-
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tory cytokine. 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. Preferably, a pro-inflammatory cytokine is IL-1p.
The type of molecules that are known to specifically bind a
pro-inflammatory cytokine have already been eatlier
described herein. In a preferred embodiment, a molecule
which specifically binds a pro-inflammatory cytokine and
which is present in the device is an antibody.

Inapreferred embodiment, an assay device is a lateral flow
test strip also known as dipstick, preferably, though not nec-
essarily, 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 indi-
cate the presence of a given molecule, here a cytokine by
changing colour upon contact with a sample. Preferred sub-
ject’s samples have already been defined herein. An antibody
is preferably labelled by conjugation to a physically detect-
able label, and upon contacting with a sample containing a
pro-inflammatory cytokine forms a complex. Said antibody-
pro-inflammatory cytokine complex is then contacted with a
second antibody, which recognizes said first antibody and
which is immobilized on a solid support within the device. A
second antibody captures said antibody-pro-inflammatory
cytokine complex to form an antibody-pro-inflammatory
cytokine-antibody sandwich complex, and the resulting com-
plex, which is immobilized on the solid support, is detectable
by virtue of the label. A test strip may then be inserted into a
reader, where a signal from said label in the complex is
measured. Alternatively, a test strip could be inserted into the
reader prior to addition of the sample. Alternatively and
according to a preferred embodiment, the presence of a pro-
inflammatory cytokine is visualised by a subject as a change
of colour of at least part of a device. Dipsticks are usually
made of paper or cardboard. Usually additional molecules are
present in a device as a positive or negative control. A typical
positive control could be an antibody 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.

Kit of Parts

In a further aspect, there is provided a kit of parts for
diagnosing Lyme disease in a subject comprising a) a source
of Borrelia antigens and b) reagents for detecting the expres-
sion level of a pro-inflammatory cytokine.

Each feature of this kit has already been defined herein.

In a preferred kit, the molecule which specifically binds a
pro-inflammatory cytokine is an antibody.

Peptidomimetic or Peptide Mimetic

A peptide-like molecule (referred to as peptidomimetic) or
non-peptide molecule that specifically binds to a cytokine as
defined herein and that may be applied in a method of the
invention as defined herein may be identified using a method
known in the art per se, as e.g. described in detail in U.S. Pat.
No. 6,180,084 which incorporated herein by reference. Such
a methods includes e.g. screening libraries of peptidomimet-
ics, peptides, DNA or cDNA expression libraries, combina-
torial chemistry and, particularly useful, phage display librar-
ies. These libraries may be screened for an agonists and/or an
antagonist of said cytokine by contacting the libraries with a
substantially purified polypeptide of the invention, fragments
thereof or structural analogues thereof.

Sequence Identity

“Sequence identity” is herein defined as a relationship
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
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identity between two amino acid or two nucleic acid
sequences is preferably defined by assessing their identity
within a whole SEQ ID NO as identified herein or part
thereof. Part thereof may mean at least 50% of the length of
the SEQ ID NO, or at least 60%, or at least 70%, or at least
80%, or at least 90%.

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
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).

Preferred methods to determine identity are designed to
give the largest match between the sequences tested. Methods
to determine identity and similarity are codified in publicly
available computer programs. Preferred computer program
methods to determine identity and similarity between two
sequences include e.g. the GCG program package (Devereux,
., etal., 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 algorithm may also be used to
determine identity.

Preferred parameters for polypeptide sequence compari-
son include the following: Algorithm: Needleman and Wun-
sch, J. Mol. Biol. 48:443-453 (1970); Comparison matrix:
BLOSSUMG62 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).

Preferred parameters for nucleic acid comparison include
the following: Algorithm: Needleman and Wunsch, J. Mol.
Biol. 48:443-453 (1970); Comparison matrix: matches=+10,
mismatch=0; Gap Penalty: 50; Gap Length Penalty: 3. Avail-
able as the Gap program from Genetics Computer Group,
located in Madison, Wis. Given above are the default param-
eters for nucleic acid comparisons.

Optionally, in determining the degree of amino acid simi-
larity, 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 substitutions 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,
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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-containing side chains is cysteine
and methionine. Preferred conservative amino acids substi-
tution groups are: valine-leucine-isoleucine, phenylalanine-
tyrosine, lysine-arginine, alanine-valine, and asparagine-
glutamine. Substitutional variants of 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. Preferably, the amino acid change is
conservative. Preferred conservative 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; Thr to Ser; Trp
to Tyr; Tyr to Trp or Phe; and Val to Ile or Leu.

Antibodies

Some aspects of the invention concern the use of an anti-
body or antibody-fragment that specifically binds a pro-in-
flammatory cytokine Methods for generating antibodies 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 Laboratory 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 “spe-
cific binding,” as used herein, includes both low and high
affinity specific binding. Specific binding can be exhibited,
e.g., by a low affinity antibody or antibody-fragment having a
Kd of at least 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
of atleastabout of 10~7 M, at least about 10~* M, at least about
1077 M, at least about 107'° M, or can have a Kd of at least
about 107" M or 107'* M or greater.

General

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 essentially of”
meaning that a method or an assay device as defined herein
may comprise additional step(s), respectively component(s)
than the ones specifically identified, said additional step(s),
respectively component(s) not altering the unique character-
istic of the invention. In addition, reference to an element by
the indefinite article “a” or “an” does not exclude the possi-
bility that more than one of the element is present, unless the
context clearly requires that there be one and only one of the
elements. The indefinite article “a” or “an” thus usually
means “at least one”. The word “about” when used in asso-
ciation with an integer (about 10) preferably means that the
value may be the given value of 10 more or less 1 of the value:
about 10 preferably means from 9 to 11. The word “about”
when used in association with a numerical value (about 10.6)
preferably means that the value may be the given value of 10.6
more or less 1% of the value 10.6.

All patent and literature references cited in the present
specification are hereby incorporated by reference in their
entirety. The following examples are offered for illustrative
purposes only, and are not intended to limit the scope of the
present invention in any way.
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EXAMPLES

Example 1
FIGS. 1,2

Peripheral blood mononuclear cells (PBMC) were isolated
from healthy volunteers (C) and patients with Lyme disease
(P). 1.10° cells/ml were stimulated in RPMI 1640 for 24 h
with the following strains of Borrelia: B. burgdorferi (ATCC
35210), B. garinii (ATCC 51383) and B. afzelii (ATCC
51567) that were first heat-inactivated by heating at 52° C. for
30 minutes (1.10°/ml). Thereafter IL-1p was determined by
ELISA using antibody from R&D systems (IL-1F2). IL-1{
was strongly detected in Lyme patients (see FIGS. 1, 2).

Blood (lithiumheparine) was taken from a subject sus-
pected to have the Lyme disease. Blood was subsequently
diluted in culture medium (1:5) and stimulated for 4 hours
with 3 species of Borrelia common in Europe (see above).
Subsequently, the supernatant was isolated via centrifugation
and the presence of IL-1b was assessed by ELISA as
described above.

Example 3
FIG. 3

Venous blood was drawn from the cubital vein of healthy
volunteers and Lyme patients into 10 mL ethylenediamine-
tetraacetic acid (EDTA) tubes (Monoject). Peripheral blood
mononuclear cells (PBMCs) were isolated according to stan-
dard protocols, with minor modifications. The PBMC frac-
tion was obtained by density centrifugation of blood diluted
1:1 in PBS over Ficoll-Pague (Pharmacia Biotech). Cells
were washed three times in PBS and resuspended in RPMI
1640 (Dutch modified) supplemented with 50 mg/L. genta-
myecin, 2 mM L-glutamin, and 1 mM pyruvate. Cells were
counted in a Coulter Counter Z® (Beckman Coulter), and
adjusted to 5x10° cells/mL. Mononuclear cells (5x10°) in a
100 pl. volume were added to round-bottom 96-wells plates
(Greiner) and incubated with either 100 uL. of medium (nega-
tive control) or B. burgdorferi (ATCC 35210), at a dose of
1x106 spirochetes per mL. The B. burgdorferi were first heat-
inactivated by heating at 52° C. for 30 minutes. Concentra-
tions of human IL-1p or IFN-y were determined using either
specific or commercial ELISA kits (R&D Systems, Minne-
apolis or Pelikine Sanquin, Amsterdam, The Netherlands), in
accordance with the manufacturers’ instructions. Detection
limits were 40 pg/mL for 1L-1p and for IFN-y ELISA (12

pg/mL).

Example 4

Blood samples were taken from patients and healthy indi-
viduals in EDTA vacutainer tubes (Becton and Dickinson,
Leiden, The Netherlands). From these samples 200 ul were
diluted 1:5 in culture medium (RPMI 1640) and incubated in
24 wells tissue culture plates (Costar, Badhoevedorp, The
Netherlands). As a stimulus, 100 ng/ml of formaldehyde-
inactivated (i.e. formalin fixated) B. burgdorferi (ATCC
35210), B. garinii (ATCC 51383) or B. afzelii (ATCC 51567)
that were first heat-inactivated by heating at 52° C. for 30
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minutes was added to these cultures. Formaldehyde-inacti-
vated cells were prepared by transferring or incubating them
with 4% formaldehyde for one hour. Subsequently cells were
washed several times with PBS. No stimulus was added to the

14

natants were harvested and centrifuged at 15000 g for 5
minutes, and thereafter stored at —20° C. until measurement
of interferon y (TFNy) and/or IL-f.

IFN y was measured using a specific ELISA (Pelikine

control cultures. The cultures were incubated at 37° C. and 5 Sanquin, Amsterdam, The Netherlands). IL-1f was measured
5% CO2 for 48 hours. After this incubation period, the super- as described in example 1.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10
<210> SEQ ID NO 1
<211> LENGTH: 14020
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
gtagaataca gcaacgacag acattttggg agagaagcat tttatcatag cttttagaag 60
agaagtattt ttcagcatca taagcacaca attccaagga cagatacctt caagggattg 120
cttttgacag ttatgacaaa gtcttaaaga agaataaaag gacaaaggaa atcctccage 180
aacaaagctg ccacttatag atgagaaagt gaatgggaat aaggaagaaa ctcagaaaag 240
ggaagagaga tcactaaaaa ccctgatttg gaaagtccca gtactaccet gagaggagaa 300
agaaacaaat tcacacagca cgtcaccgcc agaagaagaa aggagggaag acaagggaac 360
agagaggatc tcaatcctaa aaggacaatg tggaaacatt taggggacag aggtgaatct 420
gecaggecaa tgtagtttag aatgtcacte aatcactgag aatgagaaag gagtetgeceg 480
atgggcacca tgtggacagg agatgaggca ataaacatat gtaacaatta aaagtgagaa 540
ataaagatcet ggttttyggtt cagttaacce atatttgagt cgtagtteca geatttactg 600
tttgtgeggt cttaaataat ttattgtete aacctcagtt tetgecatagg tcaaatggtt 660
caatattate tactttaaag gttattatga agagttaata agataatgag ggaaaaaaag 720
gtacctggea cttagtaggt gctcaataaa ggacggettt ttttttttaa gtattgette 780
taaatttgta tgtaagaaaa aatgatataa tacaatgata taagacaggg gaccgcagga 840
caagtecage cacacccatt catttatgta ttatctgact gettttetga aatgatgeaa 900
ggttgagtag ttgtacctga aacatttatt atctggcect ttacagaaaa tgtttccaga 960
ccetggataa gtggtaccag ageccectet gtttgtggte cectetetta tacccactag 1020
gtgtgagaaa agacatagag taggagagcc ctgccatcca tcettacccac ccaggggett 1080
tttetgatgg atccaaagga aggacaaggt cttattggtce teccagaact gacataacaa 1140
ctccgacatc agggaaaage cattggagac tacatagete gecagececca gecacctget 1200
catatatcta agccctectt gttctagace agggaggaga atggaatgte cettggacte 1260
tgcatgtececce caatctgaga acctggatcce aagagggaga agaagcccat tggagatgat 1320
gccataaagyg aagtggaagce gatatgataa aaatcatagt gcccattccce aaataatccee 1380
agaagcagaa gggaaaggag agaaatatcc acaaagacag gtgtgggtac acacaacatt 1440
tttcatactt taagatccca gagggactca tggaaatgat acaagaaaat gactcataag 1500
aacaaatatt aggaagccag tgccaagaat gagatgggaa attggggaaa atgttggggg 1560
cagattgctt agttctgtte taagcaagag ggtgaacaag gaaggaacag ctcactacaa 1620
agaacagaca tcactgcatg tacacacaat aatataagaa ctaacccatg attattttge 1680
ttgtcttett gttcaaaatg attgaagacc aatgagatga gatcaacctt gataactgge 1740
tgcgaageec atgattagac acaagatggt atcagggcac ttgctgettt gaataaatgt 1800
cagtctcetg tettggaaga atgacctgac agggtaaaga ggaacttgca getgagaaag 1860
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gctttagtga ctcaagagct gaataattcc ccaaaagctyg gagcatcctg gcattteccag 1920
ctcceccatcet ctgcttgtte cacttecttg gggctacatce accatctaca tcatcatcac 1980
tecttecacte cctececttag tgccaactat gtttatageg agatatttte tgctcattgyg 2040
ggatcggaayg gaagtgctgt ggcectgageg gtcectcecttgyg gaagacagga tctgatacat 2100
acgttgcaca acctatttga cataagaggt ttcacttcct gagatggatg ggatggtage 2160
agatttgggt ccaggttaca gggccaggat gagacatggce agaactgtygg agactgttac 2220
gtcaggggygce attgcecccat ggcectcecaaaa tttocectega gcgaaagcat caggggctca 2280
tgcaacctgg atactagtgc tgcttcaacc acactgtgct attggatgag tcacttccac 2340
cctectagee ttgatttett cgtetgetgt tcacattcaa atagetattce atgtettcat 2400
ctctgtggte ccaccatatc ccaccagaca atcattaggg ctectettag ctggecagatt 2460
ctgaggtcecct ggatgctaca attggaagat ggagaagtag aagctcaagg tttcetgacct 2520
gtatcccaayg tceccagaage agaatggact aactcagage tgatgctcegg gtceccttgea 2580
tatctecectt cctgtcactg getttgatee tecttegtte agettgtaat cacatcaaca 2640
gaccaaagac atctctgtgt tcetgtcagga gagttcacag agecaccaac cctccagacce 2700
ctgctggttyg c¢cgcataaag actctgagga agggtttgag getgetgtga tcatgcaatyg 2760
aatgcatgat tgtaccactg cactccagee tgggggataa aggtagatcece tgtctaggag 2820
agagagagag agaaagagaa agagagagag aagggaggga gagacaaaga aaaagagaga 2880
gagggaggga gaaagaaaga gagaaagaaa agagaaaaga aagaaaaaga aagaaagaga 2940
gagagggagg gagggagaga gaaagaaaga aagaaagaga aagagagaaa gagagaaaga 3000
gaaagaaagg aagaaagaaa gaaagaaaga aagaaagaaa gaaagaaaga aagaaaagaa 3060
aagaaagaaa gagagagaga aagaaaaaga aagaggaagg aaggaaggaa ggaagaaaga 3120
caggctctga ggaaggtggc agttcctaca acgggagaac cagtggttaa tttgcaaagt 3180
ggatcctgtyg gaggcaaaac agaggagtcc cctaggccac ccagacaggg cttttagcta 3240
tctgcaggac cagacaccaa atttcaggag ggctcagtgt taggaatgga ttatggctta 3300
tcaaattcac aggaaactaa catgttgaac agcttttaga tttcctgtgg aaaatataac 3360
ttactaaaga tggagttctt gtgactgact cctgatatca agatactggg agccaaatta 3420
aaaatcagaa ggctgcttgg agagcaagtc catgaaatgc tctttttccc acagtagaac 3480
ctatttcecct cgtgtctcaa atacttgcac agaggctcac tcccttggat aatgcagagce 3540
gagcacgata cctggcacat actaatttga ataaaaatgc tgtcaaattc ccattcaccc 3600
attcaagcag caaactctac cacctgaatg tacatgccag gcactgtgct agacttgget 3660
caaaaagatt tcagtttcct ggaggaacca ggaggagcaa ggtttcaact cagtgctata 3720
agaagtgtta caggctggac acggtggctc acgcctgtaa tcccaacact ttgggaggcce 3780
gaggcgggca gatcacaagg tcaggagatc gagaccatce tggctaacat ggtgaaacce 3840
tgtctctact aaaaatacaa aaaattagcc gggcgtggcyg gcaggtgcct gtagtcccag 3900
ctgctgggga ggctgaggca ggagaatggt gtgaacccgg gaggeggaac ttgcaggggg 3960
cegagategt gecactgeace tcecagectgg gegacagagt gagactetgt ctcaaaaaaa 4020
aaaaaaaagt gttatgatgc agacctgtca aagaggcaaa ggagggtgtt cctacactcc 4080
aggcactgtt cataacctgg actctcattc attctacaaa tggagggctc ccctgggcag 4140
taccctggag caggcacttt gctggtgtct cggttaaaga gaaactgata actcttggtt 4200
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ggtattacca agagatagag tctcagatgg atattcttac agaaacaata ttccactttt 4260
cagagttcac caaaaaatca ttttaggcag agctcatctg gcattgatct ggttcatcca 4320
tgagattggc tagggtaaca gcacctggtc ttgcagggtt gtgtgagctt atctccaggyg 4380
ttgccccaac tecgtcagga gectgaacce tgcataccgt atgttctcetg cecccagecaa 4440
gaaaggtcaa ttttctecte agaggctcect gcaattgaca gagagctcect gaggcagaga 4500
acagcaccca aggtagagac ccacacccte aatacagaca gggagggcta ttggeecttce 4560
attgtaccca tttatccatc tgtaagtggg aagattccta aacttaagta caaagaagtyg 4620
aatgaagaaa agtatgtgca tgtataaatc tgtgtgtctt ccactttgtc ccacatatac 4680
taaatttaaa cattcttcta acgtgggaaa atccagtatt ttaatgtgga catcaactgce 4740
acaacgattg tcaggaaaac aatgcatatt tgcatggtga tacatttgca aaatgtgtca 4800
tagtttgcta ctecttgece ttecatgaac cagagaatta tctcagttta ttagteccect 4860
ccectaagaa gettecacca atactcetttt cecoctttect ttaacttgat tgtgaaatca 4920
ggtattcaac agagaaattt ctcagcctee tacttcectget tttgaaagece ataaaaacag 4980
cgagggagaa actggcagat accaaacctc ttcgaggcac aaggcacaac aggctgetcet 5040
gggattctet tcagecaate ttcattgcete aagtatgact ttaatcttece ttacaactag 5100
gtgctaaggyg agtctcteotg tcetctetgee tetttgtgty tatgcatatt ctcetetetet 5160
ctctetttet ttetetgtet ctocctetee tteocectetet gectecctet ctecagetttt 5220
tgcaaaaatg c¢caggtgtaa tataatgctt atgactcggg aaatattctg ggaatggata 5280
ctgcttatct aacagctgac accctaaagg ttagtgtcaa agcctcectget ccagctectece 5340
tagccaatac attgctagtt ggggtttggt ttagcaaatg cttttctceta gacccaaagyg 5400
acttctcttt cacacattca ttcatttact cagagatcat ttctttgcat gactgccatg 5460
cactggatgc tgagagaaat cacacatgaa cgtagccgtc atggggaagt cactcatttt 5520
ctccttttta cacaggtgtc tgaagcagcc atggcagaag tacctgagct cgccagtgaa 5580
atgatggctt attacaggtc agtggagacg ctgagaccag taacatgagc aggtctcctce 5640
tttcaagagt agagtgttat ctgtgcttgg agaccagatt tttcccctaa attgectctt 5700
tcagtggcaa acagggtgcc aagtaaatct gatttaaaga ctactttccc attacaagtc 5760
cctccagect tgggacctgg aggctatcca gatgtgttgt tgcaagggcet tcctgcagag 5820
gcaaatgggy agaaaagact ccaagcccac aatacaagga atccctttgce aaagtgtgge 5880
ttggagggag agggagagct cagattttag ctgactctgce tgggctagag gttaggectce 5940
aagatccaac agggagcacc cagggtgcce acctgccagg cctagaatcet gecttetgga 6000
ctgttctgeg catatcactg tgaaacttge caggtgtttc aggcagcttt gagaggcagg 6060
ctgtttgcag tttcttatga acagtcaagt cttgtacaca gggaaggaaa aataaacctg 6120
tttagaagac ataattgaga catgtccctg tttttattac agtggcaatg aggatgactt 6180
gttctttgaa gctgatggcec ctaaacagat gaaggtaaga ctatgggttt aactcccaac 6240
ccaaggaagg gctctaacac agggaaagct caaagaaggg agttctgggc cactttgatg 6300
ccatggtatt ttgttttaga aagactttaa cctcttecag tgagacacag gctgecaccac 6360
ttgctgacct ggccacttgg tcatcatatc accacagtca ctcactaacg ttggtggtgg 6420
tggccacact tggtggtgac aggggaggag tagtgataat gtttcccatt tcatagtagyg 6480
aagacaacca agtcttcaac ataaatttga ttatcctttt aagagatgga ttcagcctat 6540
gccaatcact tgagttaaac tctgaaacca agagatgatce ttgagaacta acatatgtet 6600
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accccttttyg agtagaatag ttttttgcta cctggggtga agcttataac aacaagacat 6660
agatgatata aacaaaaaga tgaattgaga cttgaaagaa aaccattcac ttgctgtttyg 6720
accttgacaa gtcattttac ccgctttgga cctcatctga aaaataaagg gctgagetgyg 6780
atgatctctg agattccagc atcctgcaac ctccagttct gaaatatttt cagttgtage 6840
taagggcatt tgggcagcaa atggtcattt ttcagactca tccttacaaa gagccatgtt 6900
atattcctge tgtcecttet gttttatatg atgctcagta gecttectag gtggeccage 6960
catcagcecta gectaggtcag ttgtgcaggt tgggaggcag ccacttttet ctggetttat 7020
tttattccag tttgtgatag ccteccectag cctcataate cagtectcaa tcecttgttaaa 7080
aacatatttc tttagaagtt ttaagactgg cataacttgt tggctgcage tgtgggagga 7140
gcccattgge ttgtetgect ggectttgee cccattgect cttecagecag cttggetety 7200
ctccaggcag gaaattcetet cctgetcaac tttettttgt gcacttacag gtctetttaa 7260
ctgtctttca agectttgaa ccattatcat gecttaagge aacctcagtyg aagcecttaat 7320
acggagctte tctgaataag aggaaagtgg taacatttca caaaaagtac tctcacagga 7380
tttgcagaat gcctatgaga cagtgttatg aaaaaggaaa aaaaagaaca gtgtagaaaa 7440
attgaatact tgctgagtga gcataggtga atggaaaatg ttatggtcat ctgcatgaaa 7500
aagcaaatca tagtgtgaca gcattaggga tacaaaaaga tatagagaag gtatacatgt 7560
atggtgtagg tggggcatgt acaaaaaaga tgaacaaagt agaaatggga tttattctaa 7620
aagaatagce tgtaaggtgt cagaaagccece acattctagt cttgagtcetg cctcetaacct 7680
gctgtgtgcce cttgagtaca cacttaacct ccttgagctt cagagaggga taatcttttt 7740
attttatttt attttatttt gttttgtttt gttttgtttt gttttatgag acagagtctc 7800
actctgttgce ccaggctgga gtgcagtggt acaatcttgg cttactgcat cctccaccte 7860
ctgagttcaa gcgattctec ttcctcagtce tcctgaatag ctaggattac aggtgcaccce 7920
caccacaccc agctaatttt tgtattttta gtagagaagg ggtttcgcca tgttggccag 7980
gctggttttyg aagtcctgac ctaaatgatt catccacctc ggcttcccaa agtgctggga 8040
ttacaggcat gagccaccac gcctggccca gagagggatg atctttagaa gctcgggatt 8100
ctttcaagce ctttectccet ctctgagett tctactctet gatgtcaaag catggttect 8160
ggcaggacca cctcaccagg ctccctcect cgctctcetee gcagtgctece ttccaggacce 8220
tggacctctg ccctetggat ggcggcatce agctacgaat ctccgaccac cactacagca 8280
agggcttcag gcaggccgeg tcagttgttg tggccatgga caagctgagg aagatgctgg 8340
ttcectgece acagacctte caggagaatg acctgagcac cttctttcce ttcatctttg 8400
aagaaggtag ttagccaaga gcaggcagta gatctccact tgtgtcctct tggaagtcat 8460
caagcccecag ccaactcaat tccecccagag ccaaagecct ttaaaggtag aaggcccagce 8520
ggggagacaa aacaaagaag gctggaaacc aaagcaatca tctctttagt ggaaactatt 8580
cttaaagaag atcttgatgg ctactgacat ttgcaactcc ctcactecttt ctcaggggec 8640
tttcacttac attgtcacca gaggttecgta acctccectgt gggctagtgt tatgaccatce 8700
accattttac ctaagtaget ctgttgcteg gecacagtga gcagtaatag acctgaaget 8760
ggaacccatg tctaatagtg tcaggtccag tgttcttage caccccactc ccagettcat 8820
ccctactggt gttgtcatca gactttgacce gtatatgcte aggtgtecte caagaaatca 8880
aattttgccg cctecgecteca cgaggcctge ccttectgatt ttatacctaa acaacatgtg 8940
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ctccacattt cagaacctat cttettcgac acatgggata acgaggctta tgtgcacgat 9000
gcacctgtac gatcactgaa ctgcacgcte cgggactcac agcaaaaaag cttggtgatg 9060
tctggtceccat atgaactgaa agctctceccac ctcecagggac aggatatgga gcaacaaggt 9120
aaatggaaac atcctggttt ccctgcectgg cctectggca gettygctaat tcetecatgtt 9180
ttaaacaaag tagaaagtta atttaaggca aatgatcaac acaagtgaaa aaaaatatta 9240
aaaaggaata tacaaacttt ggtcctagaa atggcacatt tgattgcact ggccagtgca 9300
tttgttaaca ggagtgtgac cctgagaaat tagacggctc aagcactccec aggaccatgt 9360
ccacccaagt ctettgggca tagtgcaatg tcaattcette cacaatatgg ggtcatttga 9420
tggacatgge ctaactgect gtgggttecte tettectgtt gttgaggcetyg aaacaagagt 9480
gctggagega taatgtgtee atccccctee ccagtettee ccoecttgece caacateegt 9540
cccacccaat gecaggtggt tecttgtagg gaaattttac cgceccagcag gaacttatat 9600
ctctecgetg taacgggcaa aagtttcaag tgcggtgaac ccatcattag ctgtggtgat 9660
ctgcctgygca tegtygccaca gtagecaaag cctetgcaca ggagtgtggg caactaaggce 9720
tgctgacttt gaaggacagc ctcactcagyg gggaagctat ttgctctcag ccaggccaayg 9780
aaaatcctgt ttetttggaa tegggtagta agagtgatcee cagggcectec aattgacact 9840
gctgtgacty aggaagatca aaatgagtgt ctctcetttgyg agecactttce ccagetcage 9900
ctctectete ccagtttett cccatggget actcectetgtt cctgaaacag ttetggtgec 9960
tgatttctgg cagaagtaca gcttcaccte tttectttee ttecacattg atcaagttgt 10020
tecegetectg tggatgggca cattgccage cagtgacaca atggettect tecttectte 10080
cttcagcatt taaaatgtag accctcttte attctocgtt c¢ctactgcta tgaggcetetg 10140
agaaaccctc aggcctttga ggggaaaccc taaatcaaca aaatgaccct gctattgtet 10200
gtgagaagtc aagttatcct gtgtcttagg ccaaggaacc tcactgtggg ttcccacaga 10260
ggctaccaaa ttacatgtat cctactcatg gggcctaggg gttggggtga ccctgcactg 10320
ctgtgtccct aaccacaaga cccccttctt tecttcagtgg tgttctecat gtecctttgta 10380
caaggagaag aaagtaatga caaaatacct gtggccttgg gcctcaagga aaagaatctg 10440
tacctgtcct gcgtgttgaa agatgataag cccactctac agctggaggt aagtgaatge 10500
tatggaatga agcccttctc agcctcctge taccacttat tcccagacaa ccaccttctce 10560
ccegecccca tcectaggaa aagctgggaa caggtctatt tgacaatttt gcattaatgt 10620
aaataaattt aacataattt ttaactgcgt gcaaccttca atcctgctgc agaaaattaa 10680
atcattttgce cgatgttatt atgtcctacc atagttacaa ccccaacaga ttatatattg 10740
ttagggctge tctcatttga tagacacctt gggaaataga tgacttaaag ggtcccatta 10800
tcatgtccac tccactccca aaattaccac cactatcacc tccagectttc tcagcaaaag 10860
cttcatttce aagttgatgt cattctagga ccataaggaa aaatacaata aaaagcccct 10920
ggaaactagyg tacttcaaga agctctagcet taattttcac ccccccaaaa aaaaaaaatt 10980
ctcacctaca ttatgctcct cagcatttgg cactaagttt tagaaaagaa gaagggctct 11040
tttaataatc acacggaaag ttgggggccce agttacaact caggagtctg getcectgate 11100
atgtgacctg ctcgtcagtt tcctttctgg ccaacccaaa gaacatcttt cccatagcat 11160
ctttgtcect tgccccacaa aaattcttet ttotettteg ctygcagagtyg tagatcccaa 11220
aaattaccca aagaagaaga tggaaaagcg atttgtcttc aacaagatag aaatcaataa 11280
caagctggaa tttgagtetg cccagttece caactggtac atcagcacct ctcaagcaga 11340
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aaacatgccce gtetteetygg gagggaccaa aggcggcecag gatataactg acttcaccat 11400
gcaatttgtyg tcttcctaaa gagagctgta cccagagagt cctgtgetga atgtggactc 11460
aatccctagg gctggcagaa agggaacaga aaggtttttyg agtacggcta tagectggac 11520
tttcecectgttyg tetacaccaa tgcccaactyg cctgecttag ggtagtgcta agaggatcte 11580
ctgtccatca gccaggacag tcagetctet cctttcaggyg ccaatceccca geccttttgt 11640
tgagccagge ctetectcacce tcectectacte acttaaagcece cgcectgacag aaaccacgge 11700
cacatttggt tctaagaaac cctcetgtcat tegcectoccac attctgatga gcaaccgett 11760
ccctatttat ttatttattt gtttgtttgt tttattcatt ggtctaattt attcaaaggg 11820
ggcaagaagt agcagtgtct gtaaaagagce ctagttttta atagctatgg aatcaattca 11880
atttggactg gtgtgctctc tttaaatcaa gtcectttaat taagactgaa aatatataag 11940
ctcagattat ttaaatggga atatttataa atgagcaaat atcatactgt tcaatggttc 12000
tgaaataaac ttcactgaag aaaaaaaaag ggtctttcct gatcattgac ttgtcttgga 12060
tttgacactg aacagtaaag acaaacaggg ctgtgagagt tcttggggga ctaaagccca 12120
ctcctecattg ctgagtgetg caaagtacct agaaatatce ttggecaccyg aagactatcecce 12180
tcctecaccca teccctttat tteotgttgtt caacagaagg atattcagtg cacatttgga 12240
acaggatcag ctgaagcact gcagggagtc aggactggta gtaacagcta ccagtgattt 12300
atctatcaat gcaccaaaca tctgttgagc aagcgctatg tactaggagc tgggagtaca 12360
gagatgagaa cagtcacaag tccectectceca gataggagag gcagctagtt ataagcagaa 12420
acaaggtaac atgacaagta gagtaagata aagaacaaga ggagtagcca ggaaggaggg 12480
aggagaacga cataagaatc aagcctaaag ggataaacag aagatttcca cacatgggect 12540
gggcatggtg gcttacgcct gtaatcccag cactttgggt ggcaggggca gaaagatcgce 12600
ttgagcccag gagttcaaga ccagcctggg caacatagtg agactcccat ctctacaaaa 12660
aataaataaa taaataaaac aatcagccag gcatgctggc atgcacctgt agtcctaget 12720
acttgggaag ctgacactgg aggattgctt gagcccagaa gttcaagact gcagtgagct 12780
gtgatcgcac cattgcactc cagcctgggt gacagagtga gaccctgtct ctaaaaaatg 12840
ttcccagata gaaaagaaaa gaaaaagccc tcaggtagag gaaccagtgt gaacaagagc 12900
atgggtgtat aagaatgaat gatgcaaaaa gtacactttc agaattgcgg gaatcaccag 12960
aagcaaagtc aaagcgcaaa acaagccaga ggaaaagtag ttgtaactca caccccagat 13020
aaagagataa cttgtttcac atgtaaagaa ctgcctcaaa acatttgaaa aaaaagaaca 13080
aaaatccagc aaaacaagag gcaagggatc ttaacagtct gttcacagaa aagaaaatac 13140
tatttgatct tgggcagagt aaaatgatgc ttaacattgt aataagaaag tcaaattaaa 13200
agcactttga gatactagta ttttcccatc agattgacaa aaatcaaaag tttaacaaca 13260
gaccttgttyg gtcaaactgt cgggaaatcce ccactgttaa atattacgeg tgggactata 13320
aattgatatg acccttatag aacaaaattt gctaactatg aaaatcacaa gtgcacttcc 13380
cctttgatce agcaatttca ctecctggaga tttatcccac agatggacat aacccatgtg 13440
aaatggaaaa tgatcaaaat tattcattge acatcatttyg taataggaaa aattggaagt 13500
aacccaagtg tctatcaaca agagactgcc taaatgaagt aaaggacata gaatactagg 13560
cagctataga aaagaatgag aaagcactct ggtattgttt ggttectgtgt cccagcccaa 13620
atctcatgtc aaattgtaat ccccgatgtt ggaggtgggg cctggtgtgg ggtgattgga 13680
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tcatgggggt ggagttctta tgaatggttt agcactatcce ctttggtgct gttctcegtga 13740
cagagttccce acaagatctg gttgtttaaa agtatgtgge atcctttcte tetetctete 13800
tctetectecag tectgctect gecatataag acatccacte ccgctttgte ttetgcatga 13860
gtaaaagctt cctaaggcct ccccagaagce agatgctgece atgcecttectg tggaacagece 13920
tgcgaagcetyg tgagccaatt aaacctcttt tctttataaa ttatgcagte tcaggtattt 13980
ccttatagca atgcaaggac tgactaatac atgctgtctyg 14020
<210> SEQ ID NO 2
<211> LENGTH: 1240
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
cacattgttc tgatcatctg aagatcaget attagaagag aaagatcagt taagtecttt 60
ggacctgate agettgatac aagaactact gatttcaact tcetttggcett aatteteteg 120
gaaacgatga aatatacaag ttatatcttg gettttcage tcetgcatcgt tttgggttet 180
cttggctgtt actgccagga cccatatgta aaagaagcag aaaaccttaa gaaatatttt 240
aatgcaggtc attcagatgt agecggataat ggaactcttt tcttaggcat tttgaagaat 300
tggaaagagyg agagtgacag aaaaataatg cagagccaaa ttgtctectt ttacttcaaa 360
ctttttaaaa actttaaaga tgaccagagce atccaaaaga gtgtggagac catcaaggaa 420
gacatgaatg tcaagttttt caatagcaac aaaaagaaac gagatgactt cgaaaagctg 480
actaattatt cggtaactga cttgaatgtc caacgcaaag caatacatga actcatccaa 540
gtgatggetyg aactgtegece agcagctaaa acagggaage gaaaaaggag tcagatgetg 600
tttcgaggtc gaagagcatc ccagtaatgg ttgtcctgec tgcaatattt gaattttaaa 660
tctaaatcta tttattaata tttaacatta tttatatggg gaatatattt ttagactcat 720
caatcaaata agtatttata atagcaactt ttgtgtaatg aaaatgaata tctattaata 780
tatgtattat ttataattcc tatatcctgt gactgtctca cttaatcctt tgttttctga 840
ctaattaggc aaggctatgt gattacaagg ctttatctca ggggccaact aggcagccaa 900
cctaagcaag atcccatggg ttgtgtgttt atttcacttg atgatacaat gaacacttat 960
aagtgaagtg atactatcca gttactgccg gtttgaaaat atgcctgcaa tctgagccag 1020
tgctttaatg gcatgtcaga cagaacttga atgtgtcagg tgaccctgat gaaaacatag 1080
catctcagga gatttcatgc ctggtgcttc caaatattgt tgacaactgt gactgtaccc 1140
aaatggaaag taactcattt gttaaaatta tcaatatcta atatatatga ataaagtgta 1200
agttcacaac aaaaaaaaaa azaaaaaaaa aaaaaaaaaa 1240
<210> SEQ ID NO 3
<211> LENGTH: 1201
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
aatattagag tctcaaccec caataaatat aggactggag atgtctgagg ctecattctge 60
cctecgagece accgggaacg aaagagaagce tctatctcce ctcecaggage ccagetatga 120
actcettete cacaagegec tteggtecag ttgecttete cctggggetyg ctectggtgt 180
tgectgetge cttecctgece ccagtaccece caggagaaga ttccaaagat gtagecegcecce 240
cacacagaca gccactcace tcttcagaac gaattgacaa acaaattcgg tacatccteg 300
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acggcatctc agcectgaga aaggagacat gtaacaagayg taacatgtgt gaaagcagca 360
aagaggcact ggcagaaaac aacctgaacc ttccaaagat ggctgaaaaa gatggatget 420
tccaatctgyg attcaatgag gagacttgec tggtgaaaat catcactggt cttttggagt 480
ttgaggtata cctagagtac ctccagaaca gatttgagag tagtgaggaa caagccagag 540
ctgtgcagat gagtacaaaa gtecctgatcc agttcectgeca gaaaaaggca aagaatctag 600
atgcaataac cacccctgac ccaaccacaa atgccagcct gctgacgaag ctgcaggceac 660
agaaccagtg gctgcaggac atgacaactc atctcattet gcgcagettt aaggagttec 720
tgcagtccag cctgagggcet ctteggcaaa tgtagcatgg gcacctcaga ttgttgttgt 780
taatgggcat tccttettet ggtcagaaac ctgtcecactyg ggcacagaac ttatgttgtt 840
ctctatggag aactaaaagt atgagcgtta ggacactatt ttaattattt ttaatttatt 900
aatatttaaa tatgtgaagc tgagttaatt tatgtaagtc atatttatat ttttaagaag 960
taccacttga aacattttat gtattagttt tgaaataata atggaaagtg gctatgcagt 1020
ttgaatatce tttgtttcag agecagatca tttecttggaa agtgtagget tacctcaaat 1080
aaatggctaa cttatacata tttttaaaga aatatttata ttgtatttat ataatgtata 1140
aatggttttt ataccaataa atggcatttt aaaaaattca gcaaaaaaaa aaaaaaaaaa 1200
a 1201
<210> SEQ ID NO 4
<211l> LENGTH: 1859
<212> TYPE: DNA
<213> ORGANISM: Homoo sapiens
<400> SEQUENCE: 4
gcaggcacaa actcatccat ccccagttga ttggaagaaa caacgatgac tcctgggaag 60
acctcattgg tgtcactget actgctgctg agcctggagg ccatagtgaa ggcaggaatc 120
acaatcccac gaaatccagg atgcccaaat tctgaggaca agaacttcecce ccggactgtyg 180
atggtcaacc tgaacatcca taaccggaat accaatacca atcccaaaag gtcctcagat 240
tactacaacc gatccacctc accttggaat ctccaccgca atgaggaccce tgagagatat 300
cecctetgtga tetgggagge aaagtgecge cacttggget gcatcaacgce tgatgggaac 360
gtggactacc acatgaactc tgtccccatce cagcaagaga tcctggtcct gegcagggag 420
ccteocacact gecccaacte ctteecggetg gagaagatac tggtgtecgt gggctgeacce 480
tgtgtcacce cgattgtecca ccatgtggce taagagectct ggggagecca cactccccaa 540
agcagttaga ctatggagag ccgacccage ccctcaggaa ccctcatcect tcaaagacag 600
cctcattteg gactaaactc attagagtte ttaaggcagt ttgtccaatt aaagettcag 660
aggtaacact tggccaagat atgagatctg aattaccttt ccctectttec aagaaggaag 720
gtttgactga gtaccaattt gcttettgtt tactttttta agggctttaa gttatttatg 780
tatttaatat gccctgagat aactttgggg tataagattc cattttaatg aattacctac 840
tttattttgt ttgtcttttt aaagaagata agattctggg cttgggaatt ttattattta 900
aaaggtaaaa cctgtattta tttgagctat ttaaggatet atttatgttt aagtatttag 960
aaaaaggtga aaaagcacta ttatcagttc tgcctaggta aatgtaagat agaattaaat 1020
ggcagtgcaa aatttctgag tctttacaac atacggatat agtatttcct cctctttgtt 1080
tttaaaagtt ataacatggc tgaaaagaaa gattaaacct actttcatat gtattaattt 1140
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ued

aaattttgca
taaaccctta
ttctcattaa
tctectataa
tccaagttet
tagccaatge
gaggaatggce
aagaagttct
caggettect
tcaagcaaca
gagctgatgy
actcaatcac
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

atttgttgag
taataaaatc
atgtatttta
gcaaaacaaa
cgatttcaca
tgtagacaga
atgtcattat
gggaggagac
ttggagatta
ctectaggyge
ggcagaacga
attcaattce
D NO 5

H: 269

PRT
ISM: Homo &

<400> SEQUENCE: 5

Met Ala Glu
1

Gly Asn Glu
Lys Cys Ser
35

Gln Leu Arg
50

Ala Ser Val
65

Cys Pro Gln

Ile Phe Glu

Tyr Val His
115

Ser Gln Gln
130

Leu His Leu
145

Ser Phe Val

Gly Leu Lys

Lys Pro Thr

195

Lys Lys Met
210

Lys Leu Glu
225

Ser Gln Ala

Val Pro Gl
Asp Asp Le
20

Phe Gln As

Ile Ser As

Val Val Al

70

Thr Phe GI
85

Glu Glu Pr
100

Asp Ala Pr

Lys Ser Le

Gln Gly Gl
15

Gln Gly Gl
165

Glu Lys As
180

Leu Gln Le

Glu Lys Ar

Phe Glu Se
23

Glu Asn Me
245

gttttacaag
cttetgtaat
gcaaactcag
gcatgtettt
tgcctteaay
agcattttga
taaagatcat
attgtcttca
aggccectea
ctggettety
actttaagta

agagtagttt

apiens

u Leu Ala

u Phe Phe

P Leu Asp

p His His
55

a Met Asp

n Glu Asn

o Ile Phe

o Val Arg
120

u Val Met
135

n Asp Met
0

u Glu Ser

n Leu Tyr

u Glu Ser
200

g Phe Val
215

r Ala Gln
0

t Pro Val

agatacagca

aataaagttt

ctctteccta

gagtaacaat

actgaacace

taggaataga

atggggaaaa

gactacaaty

gagatcaaca

tctgatcaay

tgagaaaagt

caagtttcac

Ser

Glu

25

Leu

Tyr

Lys

Asp

Phe

105

Ser

Ser

Glu

Asn

Leu

185

Val

Phe

Phe

Phe

Glu

10

Ala

Cys

Ser

Leu

Leu

90

Asp

Leu

Gly

Gln

Asp

170

Ser

Asp

Asn

Pro

Leu
250

Met

Asp

Pro

Lys

Arg

75

Ser

Thr

Asn

Pro

Gln

155

Lys

Cys

Pro

Lys

Asn
235

Gly

agtctaactc
caaaagaaaa
ttgggaagay
gacctggaaa
gactaaggtt
gcaaataaga
tgaaacccte
tccagtttet
gaccaacatt
gcaccacaca
tcageccaay

atcgtaacca

Met Ala Tyr

Gly Pro Lys
30

Leu Asp Gly

Gly Phe Arg
60

Lys Met Leu

Thr Phe Phe

Trp Asp Asn
110

Cys Thr Leu
125

Tyr Glu Leu
140

Val Val Phe

Ile Pro Val

Val Leu Lys
190

Lys Asn Tyr
205

Ile Glu Ile
220

Trp Tyr Ile

Gly Thr Lys

tctgttccat
tgtttattty
ttatgcaaat
tacccaaaat
ttcatactat
taatggcect
cccaaaatac
ccectagact
tttctettee
acccagaaag
taaaataaaa

ttttegece

Tyr Ser
15

Gln Met

Gly Ile

Gln Ala

Val Pro
80

Pro Phe
95

Glu Ala

Arg Asp

Lys Ala

Ser Met
160

2la Leu
175

Asp Asp

Pro Lys

Asn Asn

Ser Thr

240

Gly Gly
255

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1859
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-continued

32

Gln Asp Ile Thr Asp Phe Thr Met Gln Phe Val Ser Ser

260

<210> SEQ ID NO 6

<211> LENGTH:

<212>» TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Lys Tyr Thr

1

Gly

Gly

Arg

65

Lys

Lys

Asp

Gln

Pro

145

Gly

Ser

Leu

Thr

50

Lys

Asn

Glu

Asp

Arg

130

Ala

Arg

Leu

Lys

35

Leu

Ile

Phe

Asp

Phe

115

Lys

Ala

Arg

Gly

20

Lys

Phe

Met

Lys

Met

100

Glu

Ala

Ala

166

6

Ser

5

Cys

Tyr

Leu

Gln

Asp

85

Asn

Lys

Ile

Thr

Ser
165

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Asn Ser Phe

1

Gly

Gly

Ser

Ser

65

Ser

Glu

Val

Leu

Glu

Ser

50

Ala

Lys

Lys

Lys

Leu

Asp

35

Glu

Leu

Glu

Asp

Ile
115

Leu

20

Ser

Arg

Arg

Ala

Gly
100

212

7

Ser

5

Val

Lys

Ile

Lys

Leu

85

Cys

Thr

Tyr

Tyr

Phe

Gly

Ser

70

Asp

Val

Leu

His

Gly

150

Gln

Thr

Leu

Asp

Asp

Glu

70

Ala

Phe

Gly

Ile

Cys

Asn

Ile

55

Gln

Gln

Lys

Thr

Glu

135

Lys

Ser

Pro

Val

Lys

55

Thr

Glu

Gln

Leu

Leu

Gln

Ala

40

Leu

Ile

Ser

Phe

Asn

120

Leu

Arg

Ala

Ala

Ala

40

Gln

Cys

Asn

Ser

Leu
120

265

Ala

Asp

25

Gly

Lys

Val

Ile

Phe

105

Tyr

Ile

Lys

Phe

Ala

25

Ala

Ile

Asn

Asn

Gly

105

Glu

Phe

10

Pro

His

Asn

Ser

Gln

90

Asn

Ser

Gln

Arg

Gly

10

Phe

Pro

Arg

Lys

Leu

90

Phe

Phe

Gln

Tyr

Ser

Trp

Phe

75

Lys

Ser

Val

Val

Ser
155

Pro

Pro

His

Tyr

Ser

75

Asn

Asn

Glu

Leu

Val

Asp

Lys

60

Tyr

Ser

Asn

Thr

Met

140

Gln

Val

Ala

Arg

Ile

60

Asn

Leu

Glu

Val

Cys

Lys

Val

45

Glu

Phe

Val

Lys

Asp

125

Ala

Met

Ala

Pro

Gln

45

Leu

Met

Pro

Glu

Tyr
125

Ile

Glu

30

Ala

Glu

Lys

Glu

Lys

110

Leu

Glu

Leu

Phe

Val

30

Pro

Asp

Cys

Lys

Thr

110

Leu

Val

15

Ala

Asp

Ser

Leu

Thr

95

Lys

Asn

Leu

Phe

Ser

15

Pro

Leu

Gly

Glu

Met

95

Cys

Glu

Leu

Glu

Asn

Asp

Phe

80

Ile

Arg

Val

Ser

Arg
160

Leu

Pro

Thr

Ile

Ser

80

Ala

Leu

Tyr
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-continued

34

Leu Gln Asn Arg Phe Glu Ser Ser

130

135

Met Ser Thr Lys Val Leu Ile Gln

145 150

Leu Asp Ala Ile Thr Thr Pro Asp

165

Thr Lys Leu Gln Ala Gln Asn Gln

180

Leu Ile Leu Arg Ser Phe Lys Glu

195

Leu Arg Gln Met
210

<210> SEQ ID NO 8
<21l> LENGTH: 155
<212» TYPE: PRT

200

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 8

Met Thr Pro Gly Lys Thr
1 5

Leu Glu Ala Ile Val Lys
20

Cys Pro Asn Ser Glu Asp
35

Leu Asn Ile His Asn Arg
50

Asp Tyr Tyr Asn Arg Ser
65 70

Asp Pro Glu Arg Tyr Pro
85

Leu Gly Cys Ile Asn Ala
100

Val Pro Ile Gln Gln Glu
115

Cys Pro Asn Ser Phe Arg
130

Thr Cys Val Thr Pro Ile
145 150

«210> SEQ ID NO 9
<211> LENGTH: 21
<212> TYPE: DNA

Ser

Ala

Lys

Asn

55

Thr

Ser

Asp

Ile

Leu

135

Val

<213> ORGANISM: Artificial

<220> FEATURE:

Leu

Gly

Asn

40

Thr

Ser

Val

Gly

Leu

120

Glu

His

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 9

cagctacgaa tctcegacca ¢

<210> SEQ ID NO 10

<21l> LENGTH: 20
<212» TYPE: PRT

<213> ORGANISM: Artificial

«<220> FEATURE:

<223> OTHER INFORMATION: primer

Glu

Phe

Pro

Trp

185

Phe

Val

Ile

25

Phe

Asn

Pro

Ile

Asn

105

Val

Lys

His

Glu

Leu

Thr

170

Leu

Leu

Ser

10

Thr

Pro

Thr

Trp

Trp

90

Val

Leu

Ile

Val

Gln

Gln

155

Thr

Gln

Gln

Leu

Ile

Arg

Asn

Asn

75

Glu

Asp

Arg

Leu

Ala
155

Ala

140

Lys

Asn

Asp

Ser

Leu

Pro

Thr

Pro

60

Leu

Ala

Tyr

Arg

Val
140

Arg

Lys

Ala

Met

Ser
205

Leu

Arg

Val

45

Lys

His

Lys

His

Glu

125

Ser

Ala

Ala

Ser

Thr

190

Leu

Leu

Asn

30

Met

Arg

Arg

Cys

Met

110

Pro

Val

Val

Lys

Leu

175

Thr

Arg

Leu

15

Pro

Val

Ser

Asn

Arg

95

Asn

Pro

Gly

Gln
Asn
160

Leu

His

Ala

Ser

Gly

Asn

Ser

Glu

80

His

Ser

His

Cys
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35

36

-continued

<400> SEQUENCE: 10

Gly Gly Cys Ala Gly Gly Gly Ala Ala Cys Cys Ala Gly Cys Ala Thr
1 5

10

Cys Thr Thr Cys
20

15

The invention claimed is:

1. A method for diagnosing Lyme disease in a subject, the
method comprising the steps of:

(a) contacting a sample obtained from said subject with a
source of Borellia antigen from a species of Borellia
selected from the group consisting of B. burgdorferi, B.
garinii, B. afzelii and combinations thereof, wherein
said sample comprises peripheral blood mononuclear
cells (PBMC);

(b) determining a protein expression level of IL-1p in said
sample at the end of step (a); and

(¢) diagnosing Lyme disease in said subject when a detect-
able expression level or an increase of the expression
level of IL-1p is determined in step (b).

2. A method according to claim 1, wherein the protein
expression level of IL-1f is determined by directly quantify-
ing an amount of said IL-1f in said sample using a molecule
which specifically binds to IL-1p.

15

20

25

3. A method according to claim 1, wherein said source of 30

Borrelia antigen is a whole Borrelia cell.

4. A method according to claim 1, wherein the sample is a
fluid obtained from the subject.

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

6. A method according to claim 1, wherein in (a) if several
species of Borrelia are used as a source of Borrelia antigens,
the sample of step (a) is divided into several sub-samples,
each sub-sample being contacted with a source of antigens
from one species of Borrelia.

7. A method according to claim 2, wherein the molecule
which specifically binds IL-1f is an antibody.

8. A device method according to claim 2, wherein step (b)
is performed using a lateral flow test strip which comprises
the molecule which specifically binds to IL-1f.

9. A method according to claim 3, wherein the Borrelia cell
is heat-inactivated or formalin-fixated.

10. A method according to claim 1, wherein the protein
expression level of IL-1f is determined by directly quantify-
ing an amount of said IL-1f in said sample using an immu-
noassay.

11. A method according to claim 10, wherein said immu-
noassay is selected from the group consisting of western
blotting, ELISA and FACS using latex beads.

12. A method according to claim 10, wherein said immu-
noassay is a sandwich immunoassay.

13. A method according to claim 1, wherein in (c¢) Lyme
disease is diagnosed in said subject when a detectable expres-
sion level of the protein expression level of IL-1p is deter-
mined in step (b).

14. A method according to claim 13, wherein the detectable
expression level of the protein expression level of IL-1 in (b)
is compared to a reference value.

15. A method according to claim 14, wherein said refer-
ence value is determined in a control sample.
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16. A method according to claim 13, wherein the detectable
expression level of the protein expression level of IL-1§ in (b)
is greater than 40 pg/mL.

17. A method according to claim 1, wherein in (c) Lyme
disease is diagnosed in said subject when an increase of the
protein expression level of IL-1p is determined in step (b).

18. A method according to claim 17, wherein the increase
of the protein expression level of IL-1p is determined by
comparison with a protein expression level of IL-1f in a
control sample.

19. A method according to claim 1, wherein the sample is
diluted blood.

20. A method according to claim 1, wherein the sample
comprises peripheral blood mononuclear cells (PBMC) that
have been isolated by centrifugation of diluted blood obtained
from the subject.

21. A method according to claim 1, wherein in (a) the
contacting has a duration of at least 4 hours.

22. A method according to claim 21, wherein in (a) the
contacting has a duration of 4-96 hours.

23. A method according to claim 3, wherein in (a) at least
10* whole Borrelia cells are contacted with said sample.

24. A method according to claim 1, wherein the species of
Borellia s selected from the group consisting of strain ATCC
35210 of B. burgdorferi, strain ATCC 51383 of B. garinii,
strain ATCC 51567 of B. afzelii, and combinations thereof.

25. A method according to claim 3, wherein the Borrelia
cell is heat-killed.

26. A method according to claim 1, wherein said source of
Borrelia antigen is part of a Borrelia cell.

27. A method according to claim 26, wherein said part of a
Borrelia cell is a protein, a digest of the protein and/or a
fragment thereof.

28. A method according to claim 26, wherein said part of
Borrelia cell is a lysate, sonicate or fixate of a Borrelia cell.

29. A method according to claim 1, wherein the detectable
expression level or the increase of the expression level of
IL-1p is determined by comparison to a reference value.

30. A method according to claim 1, wherein the detectable
expression level or the increase of the expression level of
IL-1p is determined by comparison to a control sample.

31. A method for diagnosing Lyme disease in a subject, the
method comprising the steps of:

(a) contacting a sample obtained from said subject with a
source of Borellia antigen from a species of Borellia
selected from the group consisting of B. burgdorferi, B.
garinii, B. afzelii and combinations thereof, wherein
said sample comprises peripheral blood mononuclear
cells (PBMC);

(b) determining protein expression of IL-1p in said sample
at the end of step (a); and

(c) diagnosing Lyme disease in said subject when detect-
able expression of IL-1f is determined in step (b).

* #* * #* #®
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IN THE CLAIMS

Column 35, line number 43 (claim 8, line 1), delete “device”.
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