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Use of precursors of tachykinins and/or their fragments in medical diagnostic
DESCRIPTION

The |present invention relates to the use of protachykinin and/or its fragments
and/or its splice variants, fragments comprising protachykinin and/or combina-
tions thereof in medical diagnostics. In the following text all these molecules,
'fragments, combinations thereof etc. are referred to as protachykinin comprising

for example also preprotachykinin and the amino acid sequence IDs 1-10.

Protachykinin can be used to diagnose a variety of diseases comprising dis-
eases/disorders of the central nervous system, comprising Alzheimer's disease,
Parkinson's disease, depression and/or conditions of pain, neurological, endocri-
nological, derebral, muscular, local, systemic, chronic, inflammatory diseases,
infectious diseases comprising bacterial and viral infections, meningitis, sepsis,
Crohn's disease, colitis ulcerosa, sickle cell anemia, ischemia, amyotrophic lateral
sclerosis, arthritis comprising rheumatoid arthritis, bronchitis, hyperalgesia,
asthma, intoxication comprising bacterial intoxication, immunological disorders,
poly/-trauma comprising cranio-cerebral trauma, tumors/ 6ancer’, stroke, stress,
atopis dermatitis, HIV, Huntington's disease, burns, fibromyalgy, schizophrenia,
Hirschsprung's disease, allergies, familial dysautoﬁonﬁlia (Riley Day syndrome),
hematopoietic disorders, gliomas comprising glioblastomas and astrocytomas,

disorders of the blood brain barrier.

The term protachykinin of the present invention comprises also amino acid se-
quences showing at least 75 % homology, prefefred at least 80 % homology, more
preferred at least 90 % homology to protachykinin or fragments of PTK in the

above sense,
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The invention further relates to antibodies raised against protachykinin and/ or its

fragments and/or its splice variants and kits involving such components.
Background of the invention

In 1931, the undecapeptide substance P was isolated by Von Euler and Gaddum
(Von Euler and Gaddum, 1931). It was named Substance P because of its pow-
dery consistency {Gaddum and Schild, 1934). Substance P (SP) is encoded by the
preprotachykinin A-gene (PPT-A) which also comprises the gene sequences of
other tachykinins like Neurokinin A (NKA), Neuropeptide K (NPK) and Neu-
ropeptid y (NP4) (Carter and Krause, 1990). Neurokinin B is encoded by the PPT
Il or PPT-B gene. Substance P is expressed in the central nervous system (CNS)
as well as in the peripheral nervous system (PNS) (Otsuka and Yoshioka, 1993).

Tachykinins have a variety of functions. They have vasodilatory properties, are
responsible for the contraction and relaxation of the smooth muscles in the gastro-
intestinal and urogenital tract as well as in the bronchi. Furthermore, tachykinins
play a major role in reflexes of defense caused by injuries or conditions of pain.
These are, for example, the increase in cardiovascular tonus, vasodilation and
triggering the NO-biosynthesis. Substance P has an influence on different in-
flammatory cells, serves as a neurotransmitter for transmitting pain and has regu-
latory function in blood formation. The non-Substance P-tachykinin Neurokinin
A, Neuropeptide 7y as well as Neuropeptide K are likely to play a role as regulators

of endocrine functions.

The level of Substance P in body fluids is altered in several diseases. In plasma of
sepsis patients a significant increase of the concentration of Substance P was
shown well as in plasma and synovial. fluid of patients with rheumatoid arthritis

(Joyce, Yood and Carraway, 1993).
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Substance P also seems to play a role in inflammatory intestinal diseases like

Crohn's disease and colitis ulcerosa.

Substance P m-RNA expression is significantly increased in HIV-infected macro-
phages, which indicates an effect of that tachykinin in HIV infections.

In the liquor of Alzheimer's patients (late-onset) and patients suffering from

amyotrophic lateral sclerosis a significant increase of Substance P is observed.

In Parkinson's disease a reduction or an increase of Substance P in the medial glo-
bus pallidus was observed depending on the degree of dopamine reduction in the

putamen.

Patients suffering from Chorea Huntington, a genetically dependent neuro-
degenerative disease, showed 2 selective loss of preprotachykinin containing neu-

rons in the brain.

In the serum of patients with cerebral ischemia (fransient inhibition of blood flow
as well as stroke), a significant increase in concentrations of Substance P could be

determined.

Patients having carcinoid tumors showed an increased concentration of Substance
P and Neurckinin A in the blood circulation as well as a significant increase in
immune reactivity of tachykinin-like metabolites in urine. Substance P and Neu-
rokinin A possibly also play a role in migraine, other subsistence disorders, in the
development of glioma and they have a strong influence on the secretion in the
bronchial tubes and on the bronchial circulation, which suggests that they might

play a possible role as mediators in asthma.

In smokers suffering from a chromic bronchitis a ten-fold increase of PPT-A-

mRNA concentration in lung epithelial cells could be shown.
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In fibromyalgy and depression the concentration of Substance P in serum and lig-
uor is increased, as well as in serum of patients suffering from sickle cell anemia

is increased, especially in phases of pain.

Increased concentrations of Substance P are measured in patients suffering from

atopic dermatitis that correlate with the severety of the disease.

Tachykinins like Substance P and Neurokinin A furthermore play a role in the
regulation of proinflammatory cytokine responses.

The biosynthesis of the tachykinins starts as preprohormone. During biosynthesis
after separation of the hydrophobic N-terminal sequence by so-called signal pep-
tidasis and folding of the proteins in the lumen of the endoplasmic reticulum, the
propeptides migrate into the vesicles of the Golgi Apparatus and are transported to
the cell membrane. During transport the propeptides are processed to mature hor-
mons by prohormone-convertases at usually dibasic amino acid sequences. Via
different stimuli the peptides are secreted into the extracellular space or into the
plasma. The mature peptides are rapidly inactivated after secretion by proteolysis.
Substance P and Neurokinin A in vivo have an extremely low half-life of less than
2 minutes in blood. Neuropeptide K shows a bi-phasic degradation with a half-life
of 0.9 minutes (degradation to Neuropeptide ) and 6 minutes in plasma (further
degradation). N

The tachykinin Substance P, Neurokinin A, Neuropeptide K and Neuropeptide <y
are encoded by the preprotachykinin A-gene (PPT-A). Alternative splicing of the
PPT-A gene transcript results in 4 different mRNA molecules: ¢PPT-A, GPPT-A,
YPPT-A and 6PPT-A. All four mRNA molecules contain the sequence of Sub-
stance P, Only SPPT-A mRNA contains all 7 exons of the PPTA-gene and thus
encodes all 4 tachykinins. Exon 6 is missing in the oPPT-A mRNA and exons 4
and 6 are missing in the SPPT-A mRNA. Thus, only those two types of mRNA
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encode the complete sequence of Substance P. Exon 4 is missing in yPPT-A
mRNA, thus Neuropeptide K cannot be transcribed from this mRNA. The produc-
tion of Substance P by all 4 splice variants suggests that when the PPT-A gene is
expressed, also Substance P is produced. The expression of oPPT-A mRNA oc-
curs predominantly in the brain, while PPT-A and YPPT-A mRINA molecules are

predominantly expressed in peripheral tissue.

The PTK-A fragment 1-37 plays a central role in this invention and is called A-
peptide herein.

Detailed description of the invention

Substance P and other tachykinins can be detected in different body fluids, tissues

and other biomaterials.

The short half-life of tachykinins in blood, however, so far has hindered the use of
tachykinins, especially of Substance P, in routine diagnostics. Due to the short
half-life of tachykinins, it is not possible in clinical routine to take the samples,
obtain the plasma, transport the sample into the laboratory and do the diagnostics
in the laboratory including the required tests before tachykinin degradation reach a

critical level.

Thus due to the low irn vivo stability of tachykinins like Substance P, the use as a
biomarker is extremely limited even under optimized sample logistics, as the in-
fluence of the degradation of the peptides extremely dilutes the influence of bio-

synthesis and tachykinin release.

The object of the invention was to overcome the disadvantageous half-life of the
tachykinins and to develop a method, use and a kit for the detection and determi-

nation of tachykinin in body fluids, tissues and other biomaterials.
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This object has been achieved by the surprising finding that protachykinin can be
used as a tool for the determination of tachykinins in body fluids, tissues and other
biomaterials, particularly Substance P. This presence of the protachykinins corre-
lates with the presence of the mature tachykinins like Substance P in the different

body fluids/ tissues or biomaterials.

Furthermore, the stability of protachykinin, its splice variants, fragments and/or
combinations thereof ex vivo is surprisingly high and renders the protachykinins

fuily suitable for routine purposes.

The same applies for the in vivo half-life of protachykinin that is significantly
higher than those of Substance P, Neurokinin A and Neuropeptide K, which ren-
ders them suitable to be used in the detection of Substance P/ protachykinin con-

centration and release rate.

This linkage between the protachykinins of the present invention and the mature
peptides makes them suitable as diagnostic tools for all diseases and/or disorders,
where the mature proteins like Substance P, Neurokinin A, Neuropeptide K and
Neuropeptide yplay a role.

Protachykinin can therefore be used for diagnostics for a variety of diseases com-
prising diseases of the central nervous system, comprising Alzheimer's disease,
Parkinson's disease, depression and/or conditions of pain, local, systemic, chronic, .
inflammatory diseases, infectious diseases comprising bacterial and viral infec-
tions, sepsis, Crohn's disease, colitis ulcerosa, meningitis, sickle cell anemia, is-
chemia, amyotrophic lateral sclerosis, arthritis, rtheumatoid arthritis, bronchitis,
hyperalgesia, asthma, intoxication comprising bacterial intoxication, immunologi-
cal disorders, cranio-cerebral trauma, tumors, stroke, stress, atopis dermatitis,
HIV, Huntington's disease, bwrns, fibromyalgy, schizophrenia, Hirschsprung's
disease, allergies, familial dysautononmia (Riley Day syndrome), hematopoietic

disorders, gliomas comprising glioblastomas and astrocytomas.
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Furthermore, the present invention in one embodiment relates to the use of the
above-mentioned protachykinins for early diagnosis, diagnosis of the degree of
severity of the disease, course conirol and prognosis for the above mentioned dis-
eases/ disorders and/ or comprising those diseases/ disorders where the mature

protein plays a role.

Clinica] data may additionally be taken into consideration to support the determi-

nation of the disease/disorder.

The present invention in a further embodiment relates to the production of pro-
tachykinin and fragments. It is further possible to use amino acid sequences show-
ing at least 75 % homology, preferred at least 80 % homeology, more preferred at

least 90 % homology to protachykinin according to the present invention.

The synthetic peptides in accordance with the present invention were used to pro-
duce antigens and injected into animals to raise antibodies against the pro-
tachykinin. Different methods can be used to achieve this object known by the
person skilled in the art. In a preferred embodiment hemocyanin from Limuius

polyphemus was used for the immunisation of rabbits.

In a preferred embodiment of the invention 10 amino acid sequences (sequence
IDs 1-10) of protachykinins were synthesized, more preferred four different pep-
tide sequences (PSP1 to PSP4, see Fig. 4a) of protachykinin A were synthesized.
The peptides PSP1 and PSP2 comprise the sequence for the A-peptide. PSP3 con-
tains the first part of the sequence of active Neuropeptide K (NPK) and PSP4 also
comprises parts of the sequence of NPK as well as Neuropeptide y (NPy) and the
complete sequence of Neurokinin A (NKA). An aminoterminal cystein residue
was added to each peptide. The peptides were conjugated to a hemocyanin from
Limulus polyphemus and antibodies were produced to PSP1 - PSP4 in rabbits ac-

cording to known methods.
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Antibodies were purified according to known methods, in a preferred embodiment
of the invention, this was achieved prefefably by ligand specific affinity chroma-
tography by coupling the peptides via the amino terminal cystein residue to Sul-
foLink-Gel of Pierce (Boston, USA) according to the methods of Pierce,

In a preferred embodiment the antibodies were tagged with a marker to enable
detection. The marker used is preferably a luminescent marker and in a yet more
preferred embodiment, the antibodies against PSP1 were tagged with a lumines-

cent marker.

The invention in a yet further embodiment involves the use of the generated anti-
bodies for detection of protachykinin in body fluids, tissues or other biomaterials,
as well as a kit containing a certain quantity of such an antibody specific to detect
protachykinin.

Methods for the detection of binding of the antibody to the respective molecule
are also known by the person skilled in the art. In one embodiment of the inven-
tion, the binding of the antibody to the target (which contains protachykinin) is

detected by luminescence.

A preferred embodiment of the invention discloses the use of antibodies generated
against PSP1 to PSP4: Different antibody combinations (Table 1) were used for
the detection of protachykinin in control individuals, in patients with Alzheimer's
disease and in sepsis patients in plasma and liquor. The protachykinin-fragments
detected by the antibodies are shown in Table 1. .

The invention further permits the determination of the presence and stability of
protachykinin in body fluids, tissue and other biomaterials and the difference in

protachykinin concentration in healthy controls and patients of various diseases.
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In one embodiment the invention is based on and uses the discovered long term
stability of protachykinin ex vivo in plasma (Fig. 2). In plasma protachykinin sur-
prisingly has a half-life of more than 24 h. As less peptidases are present in CSF,
protachykinin is expected to be even more stable in CSF (cerebro-spinal fluid)

than in plasma.

A further embodiment of the invention discloses the in vivo half-life of PTK/ A-
peptide surprisingly being more than 60 mins. (Fig. 3), as compared to the half-
lives of Substance P (1-2 mins), Neurokinin A (< 2 mins.) and Neuropeptide K (6

mins.).

Thus protachykinin is by far more suitable for diagnostic purposes than the mature
proteins like Substance P.

The invention further uses the correlation of protachykinin and mature tachykinins
like Substance P in the state of disease/disorder in body fluids, tissues or other
.biomaterials, blood and liquor in particular.

In one embodiment of the invention the level of immune reactivity of pro-
tachykinin with the three antibody combinations of table 1 of control plasma, sep-
sis/ plasma, Alzheimer's disease/ plasma and liquor of healthy control individuals
is shown (see also example 4). An increase in protachykinin level in plasma is
observed in diseased patients (antibody combination I, black colummn) as com-
pared to plasma of healthy control individuals (Fig. 5). Antibody combination I
detects the A-peptide (fragment 1-37) and A-peptide containing peptides, that is
present in all four splice variants (aPPT-A, SPPT-A, WPPT-A and 6PPT-A). Anti-
body combination II detects only splice variants oFPT-A and SPPT-A and combi-
nation III only SPPT-A and /PPT-A. Using antibody combination I, the A-peptide
concentration in plasma of sepsis and Alzheimer's patients is significantly in-
creased, 2-fold and 12-fold, respectively (see Fig. 5). Antibody combinations II
and I also show a 2,5-fold increase of protachykinin level in the plasma of Alz-
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heimer's patients and about 2,8-fold increase in plasma of sepsis patients. In liquor
of healthy controls (far right columns of Fig. 5), antibody combination I shows a
signal, antibody combinations II and ITI do not show 2 significant signal.

These results are consistent with those of Substance P in Alzheimer's patients,
sepsis, stroke, cerebral ischemia, infection, symptoms of pain, lung disorders and

tumors.

The invention discloses the level of protachykinin in body fluids, tissue and other

biomaterials of healthy control individuals and diseased persons.

In a preferred embodiment the invention discloses the distribution of A-peptide
concentrations in plasma of healthy individuals (Fig. 7). 90 % show an immune

reactivity below 35 pg/ml, the median was 13,3 pg/ml

The invention further discloses a significant change of protachykinin concentra-
tion in body fluids, tissues and other biomaterials in disease or disorder, preferen-
tially comprising diseases of the central nervous system, comprising Alzheimer's
disease, Parkinson's disease, depression and/or conditions of pain, local, systemic,
chronic, inflammatory diseases, infectious diseases comprising bacterial and viral
infections, meningitis, sepsis, Crohn's disease, colitis ulcerosa, sickle cell anemia,
ischemia, amyotrophic lateral sclerosis, arthritis comprising rheumatoid arthritis,
bronchitis; hyperalgesia, asthma, intoxication comprising bacterial intoxication,
immunological disorders, poly/-trauma comprising cramio-cerebral trauma, tu-
mors, stroke, stress, atopis dermatitis, HIV, Huntington's disease, burns, fi-
bromyalgy, schizophrenia, Hirschsprung's disease, allergies, familial dy-
sautononmia (Riley Day syndrome), hematopoietic disorders, gliomas comprising

glioblastomas and astrocytomas, disorders of the blood brain barrier.

A preferred embodiment of the invention is based on the surprising finding of a

significant 2-fold increase in A-peptide concentration in Alzheimer's patients as
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compared to age-matched healthy control individuals, as is consistent with the
results of Substance P. The corresponding embodiment of the invention resides in
a diagnostic method and kit for testing body samples, in particular blood, plasrna
or liquor with an antibody specific for protachykinin, its precursors or fragments,
in particular A-peptide.

A further preferred embodiment of the invention discloses a significant increase
of A-peptide containing immune reactivity in pneumonia, local infection (ab-
scesses), sepsis, trauma and polytrauma patients and diverse tumors (Fig. 10),
intoxication, systemfc inflammation (Fig. 11) and functioning of the blood brain
barrier (Fig. 9). The liquor of healthy individuals contains 150 to 450 pg of pro-
tein per ml, 83% of the proteins are synthesized in the serum, and only 17 % in
the brain. Prostaglandin-D-synthetase shows the highest guotient liquor to serum
of 33 so far determined. A preferi'cd embodiment surprisingly shows that the A-
peptide immune reactivity has a quotient of serum to liquor of more than 80 and
thus surprisingly is significantly higher than of other proteins. As the concentra-
tion of A-peptide is higher in liquor than in plasma, an increase of A-peptide in
plasma indicates the damage or loss of function of the blood brain barrier: the

liquor diffuses into plasma leading to an increase in protachykinin concentration
| in plasma. The determination of A-peptide or A-peptide immune reactivity is thus

a potent plasma marker for the functioning of the blood brain barrier.

Thus the invention also provides a diagnosis method and kit for the above men-

tioned diseases/disorders, both having or using an antibody for protachykinin.

The invention discloses the use of protachykinin and/ or its antibodies for detec-

tion, course control and prognosis of disease.

A preferred embodiment of the invention determines the A-peptide concentration
in blood during the course of diseases like meningitis, cranio-cerebral trauma and

stroke (until reconvalescence or exitus) inFig. 9. Ina diseased state patients show
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a significantly increased level of A-peptide (above 35 pg/ml) that decreases dur-
ing reconvalescence, but remains constantly significantly increased until exitus of

patient's having a stroke.
Description of the Figures
Fig. 1 shows the biosynthesis of neuropeptides in vivo.

Fig.2 shows the stability of protachykinin-fragments ex vivo (EDTA-plasma).
The half-life of protachykinin at room temperature is more than 24 h.

Fig.3 shows the determination of protachykinin-fragments in vivo after appli-
cation of endotoxin. The half-life of PTK/ A-peptide is more than 60

mins. in vivo.
Fig. 4 ashows the splice variants of &-PPT-A (AS 1-92, Sequence ID 1).
Fig. 4b shows splice variants of §-PPT-A (AS 1-110, Sequence ID 2).
Fig. 4 ¢ shows .splice variants of y-PPT-A (AS 1-95, Sequence ID §5).

Fig. 4 d shows splice variants of 6-PPT-A (AS 1-77, Sequence ID 8).

Fig. 5 shows immune reactivity of antibody combinations I-IIT in plasma of
healthy control individuals, sepsis, Alzheimer's patients and liquor of
healthy controls.

Fig. 6 shows standard curve of luminescence (relative luminescence units) in

dependence of A-peptide concentrations (pg/ml).
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Fig.7 shows the distribution curve of A-peptide concentrations in plasma of
healthy control individuals (pg/ml).

Fig. 8 shows the A-peptide concentration in plasma of Alzheimer's patients and

non-demented age-matched controls.

Fig9 shows the course of patients with cerebral disorders, showing the concen-
tration of A-peptide in stroke (reconvalescence and exitus), meningitis
and cranio-cerebral trauma during course of disease from admission to

hospital to day 14 or exitus.

Fig. 10 shows the A-peptide concentrations in different diseases: paeumonia,
local infection (abscess), sepsis, coronary heart disease, trauma and poly-
trauma, diverse tumors.

Fig. 11 shows the simulation of systemic inflammation. A-peptide-, TNF-alpha-,
IL-6- and PCT- concentrations after application of endotoxin.

Example 1
Production of Antibodies

(a) Immunogen
Four different peptide sequences (PSP1 to PSP4), see Fig. 1) of protachykinin
A were selected and synthesized by Jerini (Berlin, Germany). The peptides
PSP 1 and 2 corhprise the sequence of the A-peptide. PSP3 comprises the first
part of the first sequence of the active neuropeptides K (NPK) and PSP4 also
shows parts of the sequence of NPK as well as of neuropeptide v (NP) and
" the complete sequence of neurokinin A (NKA). Each peptide was provided

with an aminoterminal cystein residue (Cys0).

(b) Antibodies
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For the immunization the respective peptide was conjugated with the haemo-
cyanine from Limulus polyphemus by BioGenes (Berlin, Germany) antibodies
were produced against the PTK-peptide-conjugate PSP1 to PSP4 in rabbits.

Example 2

Purification of the antibodies

The antibodies were purified by a ligand specific affinity purification. For that
step the Cys(0)-peptides PSP1 to PSP4 were linked to SulfoLink-Gel supplied by
Pierce (Boston, USA). The binding occurred according to the protocol of the pro-

vider.

In summary, polycarbonate columns (15 mm x 80 mm) were filled with 5 ml af-
finity matrix. After equilibration of the columns with PBS (phosphate buffered
saline) (136 mM NaCl, 1.5 mM KH,PO,, 20.4 mM Na;HPO,*2H;0, 2.7 mM
KCl, pH 7.2) 5 mg of the respective peptide were dissolved in PBS applied to the
closed columns and the gel material was homogenized by gentle rotation. After 15
min of incubation at room temperature and settling of the gel material, the col-
umns were washed 5 times with 3ml PBS. To saturate free binding positions 5 ml
of a 50 mM L-cysteine solution were added to the material of the column and the
gel material after homogenization was again incubated for 15 min at room tem-
perature. After settling of the gel material each column was washed 6 times with
5 m! of a 1 M NaCl solution followed by washing with PBS.

The gel material was mixed with 25 ml of the respective pools of antiserum and
incubated over night at room temperature by gentle rotation. The serum-gel mix-
ture was added to polycarbonate columns and surplus serum was removed. The
columns were then washed with 250 ml PBS to remove unbound serum proteins.
The desorption of unbound antibodies was done by elution of the column with 50
mM citric acid (pH 2.2). The eluate was captured in fractions of 1 ml. The protein

" concentration of each fraction was determined using the BCA-protein assay kit of
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Perbio (Bonn, Germany) and the fractions with a protein content > 1 mg/ml were
combined. The affinity purified antibodies were rebuffered in PBS via dialysis.

The protein content was determined again and the antibodies were stored at 4 °C.

Example 3
Immobilization /tagging of the antibodies

The purified antibodies against the peptide PSP2, 3 and 4 were immobilized on
polystyrol tubes (startubes, 12 mm x 75 mm, Greiner, Germany). For that proce-
dure the antibody solutions were diluted to a protein concentration of 6.7 ug/ml
with PBS and 300 pl per tube were pipetted (corresponds to 2 pg antibody per
tube). These were incubated for 20 hours at room temnperature and then washed 3
times with 4 ml PBS, respectively. Until further use the tubes were stored at 4 °C.
The antibody against PSP1 (1mg/ml in PBS) was tagged with the luminescent
marker Acridjniumester—N—Hydroxy-Succ'mimid (1 mg/ml in acetonitrile, InVent,
Hennigsdorf, Germany). For the tagging procedure 200 pl of antibody were mixed
with 4 pl acridinium ester, incubated for 20 minutes and free acridinium ester
bonds were saturated by adding 40 ul of a 50 mM glycine solution. The tagging
preparation was separated from free acridinium ester by HPLC in a BioSil 400-gel

filtration-column (BioRad, Munich, Germany). PBS was used as a solvent.

Example 4
Determination of the protachykinin immune reactivity

The protachykinin immune reactivity was determined in plasma using three dif-
ferent combinations of antibodies of 5 controls each, sepsis and Alzheimer pa-
tients as well as in the liquor of 5 non-demented control patients. 100 ul samples
were pipetted per coated tube and 12.5 ng of the tagged antibodies (in 200 1 PBS
buffer, 10 mM EDTA) were added to each tube. The tubes were incubated at 4 °C

for 20 hours. Subsequently, unbound tracer antibody was removed by washing 5
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times with 1 ml PBS each. Tagged antibody bound to the tube was quantified by
detecting the luminescence in a luminometer (Berthold LB 952T/16).

The PTK fragments detected by the different combinations of antibodies (Fig. 4a)
are shown in the Table below and in Fig. 4b. The measured relative immune reac-
tivities with 3 anﬁbody combinations are shown in Fig. 5. Antibody combination I
detects the A-peptide (Fragment 1-37) that is comprised in 2ll 4 splicing variants
(cPPT-A, GPPT-A, YPPT-A and 6PPT-A). Antibody combination II detects only
splicing variants oPPT-A and GPPT-A and combination IT only SPPT-A and
+PPT-A.

In the plasma of controls, sepsis and Alzheimer patients protachykinin sequences
comprising all three antibody combinations could be detected. The average value
of the control data for the detection of o/f/y/6 the antibody combination 1 was
calibrated to 100 % for a better comparison between the results and the average
values of the remaining data were referred to that (see Table 1). It 1s shown that
the A-peptide and the PTK-fragments comprising all the sequences show by far
the highest concentration in liquor and show a 30-fold higher signal than in the
plasma of healthy controls. The immune reactivity of A-peptide is clearly in-
creased also in plasma of sepsis patients. Here, the signal is about 12 times higher
than in the plasma of control individuals. Alzheimer's patients show a signal in-
creased by factor 2.

The splice variants o/ and §/y in combination with the antibody combinations II
and T do pot show a detectable signal in liquor. This indicates that PTK is pre-
sent as the fully processed protein. In plasma, however, splice variants ¢/ and B
with the combinations II and III could be detected, these, however, were running

below the signals for o///8 (antibody combination I).

The detection of PTK-fragments by the antibody combination I show a quotient of

11.6 and 2.0 in sepsis and Alzheimer samples, respectively, with reference to the
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control samples. The quotient of the sepsis samples of the antibody combinations
1 and IN is considerably lower than 11.6 of the antibody combination I. Thus, this
combination is a better method for the differentiation of healthy controls, at least
for sepsis patients. (The choice of antibody combinations does not seem to be
relevant for the differentiation of controls and Alzheimer patients, as the quotient
for the Alzheimer samples in combination with all three antibody combinations is

in the range of 2.)

Table 1: Measurement of the relative immune reactivity of PTK /-fragments in

combination with different antibody combinations

- | Antibody combi-

I (PSP2 /PSP1) II (PSP3 /PSP1) | II (PSP4/PSP1)
nation
Detected splice o/BlyE o/B By
variants
AS 1-37 (o/B//0) AS 1-92(c) AS 1-89 (B)
Detectable PTK- AS 1-50 (o/B//8) AS 1-76 (B) AS 1-110 (B)
fragments AS 1-92 (o) AS 1-89 (B) AS 1-74(y)
AS 1-76(B) AS 1-110 (8) AS 1-95(y)
AS 1-39 (B '
AS 1-110 (B)
AS 1-61(y)
AS 1-74(7)
' AS1-95(y)
AS 1-77(5)
Sampl;a rel. IR | quotient | rel. IR | quotient | rel. IR | quotient
Control sample 100 1.0 45.6 1.0 36.4 1.0
Sepsis plasma 1160 11.6 114 2.5 101 2.8
Alzheimer dis- 200 2.0 86.5 1.8 67 1.8
ease plasma ‘
Liquor 3006 | 3096 | 6 0.1 55 | 015
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rel. IR relative immune reactivity (values in % in response to the control
plasma value of antibody combination I which was calibrated to
100 %). All values are average values (n =5).

Quotient ratio of the respective value of the patient (in %) and the corre-
sponding control value (in %) of the respective antibody combina-

tion

Example 5
Immunoassay for the guantitative determination of A-peptide

1. Components

Tubes coated with PSP2-antibody and PSP1-antibody tagged with a luminescent
marker were used in the immunoassay. The production of these components is

described in example 3.
2. Procedure

100 ul of sample were pipetted in each tube coated with antibody and 12.5 ng of
the tagged antibody (in 200 ul PBS buffer, 10 mM EDTA) were added. The tubes
were incubated for 20 hours at 4 °C and subsequently tracer antibody was re-
moved by washing 5 times with 1 ml PBS. Tagged antibody bound to the tube
was quantified by measuring the luminescence in a luminometer (Berthold LB
952T/16). ,

3. Calibration

To be able to determine the concentrations and the immune reactivities, of A-
peptide, the peptide was synthesized by Jerini (Berlin, Germany). The weighed
out peptide was used as a calibrator for the immunoassay. In Fig. 6 the standard
graph of A-peptide is shown. The analytical sensitivity of A-peptide assays is
about 4 pg/ml.



(49) JP 2012-112978 A 2012.6.14

Example 6

A-peptide concentrations in plasma of supposedly healthy individuals (controls)
The distribution graph of the A-peptide concentration in plasma of healthy indi-
viduals was shown in Fig. 7. 90 % of the 100 control samples show an A-peptide
immune reactivity below 35 pg/ml. The median was 13.3 pg/ml.

Example 7

A-peptide content in Alzheimer's disease

The A-peptide immune reactivity in plasma of patients suffering from Alzheimer's
disease and non-demented age-matched controls differ significantly (Fig. 8). The
median of the controls in this case is 18.0 pg/ml, the median of Alzheimer's pa-
tients is increased by factor 2, i. e. it is 39.0 pg/ml.

Example 8 .

A-peptide concentrations in cerebrospinal fluid (CSF)

The A-peptide concentration in liquor of control samples (n = 30) was determined
and a median of 1085 pg/ml was determined. The CSF-median is increased sig-
nificantly by a factor of about 80 above the median of plasma of healthy control
individuals.

Example 9

A-peptide conceniration in impairments of the blood-brain barrier

The A-peptide content in the circulation in the course of disease of patients suffer-
ing from cerebral disorders like meningitis, cranio-cerebral trauma as well as
stroke (including recovery or exitus) was determined (Fig. 9). It was shown that
the A-peptide level was at a very high level (above the normal level of about 35
pg/ml) at admission of the patients to the hospital. Convalescent patients having
meningitis, stroke or cranio-cerebral trauma, showed a steady decrease of

A-peptide concentration down to normal level. A stroke with consequent death
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shows significantly increased A-peptide concentrations during the whole course.

The concentration of A-peptide does not decrease to normal level until exitus.

Consequence: The determination of A-peptide concentration can be used as a
plasma marker for the functioning of the blood-brain barrier. As the A-peptide
concentration in liquor is about 80-fold increased, as compared to the circulation,
the transfer of liquor proteins into blood by the measurement of A-peptide in
plasma is a signal for a present distortion of function of the biood-brain barrier.
The course of A-peptide concentration allows a meaningful statement about the

condition of the patient and a prognosis about the course of the disease.

Example 10

Determination of A-peptide concentration in the circulation of patients suffer-
ing from pneumonia, local infections, sepsis, coronary heart diseases, trauma or
polytrauma and different tumors

Patients suffering from inflammatory diseases, like pneumonia, local infects (ab-
scesses) as well as sepsis, showed in parts significantly higher values (> 35 pg/ml)
in 80 %, 100 % and 72 %, respectively of the cases (Fig, 10). In contrast to these
results only 3 of 16 patients suffering from coronary heart diseases had 2 higher
value than in the controls. Patients suffering from trauma and polytrauma as well
as patients suffering from different tumor diseases showed an increased A-peptide

concentration in 50 % of the cases as compared to the control individuals.

Example 11

A-peptide and simulation of systemic inflammation

The standard endotoxin 0113:H10:k of E. coli was iniravenously injected into
voluntary test persons at a concentration of 4 ng/kg body weight. Blood samples
were taken at different times (protocol following DANDONA et al,, 1 994). The
determination of different parameters of inflammations (IL-6, TNFe, PCT) as well
as the A-peptide in the test persons treated with endotoxin, showed a time-

dependent course of concentrations of the substances in blood (see Fig. 11). First,
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an increase of TNF« after about 1 hour after injection of the endotoxin occurs as
expected. Shortly thereafter an increase of cytotoxins IL-6 follows (about 1.5
hours after injection of the endotoxin). After 3 hours the concentrations of TNFa
and IL-6 are decreasing, while now, surprisingly, an increase of A-peptide con-
centration occurs, which reaches the starting level after only about 7 hours. PCT
shows an increase of concentration after 5 hours and steadily increases during
further course. Thus the secretion of A-peptide is inducible by sole injection of

endotoxin and is one event in the immune cascade between TNFo/IL-6 and PCT,
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SEQUENCE LISTING

ion Name : SphingoTec GmbH

: Tulpenweg 6

City : Borgsdorf
Postal Code : 16556

Country :

Application Pro

<120> Title : U
ments in medica

<210> SEQ ID NO
<21l1l> Length :

German

jeat
se of precursors of tachykinins and/Qr their frag-
1 diagnostic

: 1
92

<212> Type : PRT
<213> Organism Name : Artificlal Sequence

<400> Sequence

Glu Glu Ile Gly
1 5

Asp Ser Asp Gln
20

Leu Gln Arg Ile
35

Met Qly Lys Arg
50

Leu Lys Ala Leu
65

Glu Arg Ser Ala
85

Ala Asn Asp Bsp Leu Asn Tyr Trp Ser Asp Trp Tyr
10 15

Ile Lys Glu Glu Leu Pro Glu Pro Phe Glu His Leu
25 ' 30

Ala Arg Arg Pro Lys Pro Gln Gla Phe Phe Gly Leu
40 45

Asp Ala Asp Ser Ser Ile Glu Lys Gln Val Ala Leu
55 &0

'Tyr Gly His Gly ¢ln Ile Ser His Lys Met Ala Tyr
70 75 80

Met Gln Asn Tyr Glu Arg Arg Arg
90



<210>
<2115
<212>
<213>

<400>

Glu
1

Asp

Leu

Met

Leu

&5

Thr

<2105
<211>
<212>
<213>

<400>

Glu
1

Asp

Leu

Met

Leu

65

Thr

SEQ ID NO: 2
Length : 110
Type : PRT
Organism Name
Sequence :
Glu Ile Gly Ala
5
Ser Asp Gln Ile
20
Ala

Gln Arg Ile

35

Gly
50

Lys Axrg RAsp

Lys Ala Leu Tyr

70
Ser Phe Vval
85

Asp

Glu Arg Ser

100

SEQ ID NO: 3
Length : 8%
Type : PRT

Organism Name

Sequence

@lu Ile Gly Ala
5

Ser Asp Gln Ile
20

Gln Arg Ile Ala
35

Gly Lys Arg Asp
50

Lys Ala Leu Tyr
70

Agp Ser Phe Vval
85

(54)

: Artificial Seguence

Asn Asp Asp Leu
10

Lys Glu Glu Leu
25

Arg Arg Pro Lys
40

Ala Asp Ser Ser
55

Gly His Gly Gln
Gly Leu Met Gly
90

Ala Met Gln Asn
105

Asn

Pro

Pro

Ile

Ile

75

Lys

Tyr

Tyr Trp Ser Asp
15

Glu Pro Phe Glu
30

Gln Gln Phe Phe
45

Glu Lys Gln Val
60

Ser His Lys Arg
80

Arg Ala Leu Asn
95

Glu Arg Arg Arg
110

: Artificial Seguence

Asn Asp Asp leu
10

Lys Glu Glu Leu
25

Arg Arg Pro Lys
40

Ala Asp Ser Ser
55

Gly His Gly Gln

@ly Leu Met Gly

Asn

Pro

Pro

Tle

Ile
75

Tyr Trp Ser
15

Asp

Glu Pro Phe Glu

30

Gln Gln Phe
45

Phe

Gly Lys Gln Val

60
Ser His Liys Arg
80
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Tyx
Leu
Gly Leun
Ala Leu
Lys

Ser Val

Tyr
Leu
Gly Leu

Ala Leu

His Lys
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<210> SEQ ID NO: 4

«211> Length : 76

<212> Type : PRT

<2135 Organism Name : Artificial Sequence

<400> Sequence

@lu Glu tle Gly Ala Asn Asp Asp Leu Asn Tyr Trp Ser Asp Trp Tyr
1 5 10 15

Asp Ser Asp Gln Ile Lys Glu Glu Leu Pro Glu Pro Phe Glu His Leu
20 25 30

Leu Gln Arg Ile Ala Arg Arg Pro Lys Pro Gin Gln Phe FPhe Gly Leu
35 40 45

Met Gly Lys Arg Asp Ala Asp Ser Ser Ile Glu Lys Gln Val Ala Leu
50 55 60

Leu Lys Ala Leu Tyr Gly His Gly Gln Ile Ser His
65 70 75

<210> SEQ ID NO: 5

<211> Length : 355

<212> Type : PRT

<213> Organiem Name : Artificial Sequence

<400> Seguence :

Glu Glu Ile Gly Ala Asn Asp Asp Leu Asn Tyr Trp Ser Asp Trp Tyr
1 5 10 15

Asp Ser Asp Gln Ile Lys Glu Glu Leu Pro Glu Pro Phe glu His Leu
20 25 30

Leu Gln Arg Ile Ala Arg Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu
35 40 45

Met Gly Lys Arg Asp Ala Gly His Gly Gln Ile Ser His Lys Arg His
S0 85 60

Lys Thr Asp Ser Phe Val Gly Leu Met Gly Lys Arg Ala Leu Asn Ber
65 70 75 80

val Ala Tyr Glu Arg Ser Ala Met Gln RAsn Tyr Glu Arg Arg Arg
a5 90 95
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<210> SEQ ID NO: 6

«211> Length : 74

<212> Type : PRT

<213> Organism Name : Artificial Sequence

<400> Sequence :

Glu Glu Ile Gly Ala Asn Asp Asp Leu Asn Tyr Trp Ser Asp Trp Tyr
1 5 10 15

Asp Ser Asp Gln Ile Lys Glu Glu Leu Pro Glu Pro Phe Glu His Leu
20 25 ig

Leu &¢ln Arg Ile Ala Arg Arg Pro Lys Pro Gln Gle Phe Phe Gly Leu
35 49 45

Met Gly Lys Arg Asp Ala Gly His Gly Gln Ile Ser His Lys Arg His
50 55 60

Lys Thr Asp Ser Phe Val Gly Leu Met Gly
65 70

<210> SEQ ID NO: 7

<211l> Length : 60

<212> Type : PRT

<213> Organism Name : Artificial Sequence

<400> Sequence 1

Glu Glu Ile @Gly Ala Asn Asp Asp Leu Asn Tyr Trp Ser Asp Trp Tyr
1 5 10 15

Asp Ser Asp Gln Ily Lys Glu Glu Leu Pro Glu Pro Phe Glu His Leu
20 25 30

Leu Gln Arg Ile Ala Arg Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu
as 40 45

Met Gly Lys Arg Asp Ala Gly His Gly Gln Ile Ser His
50 55 60



«210> SEQ ID NO: 8
<211> Length : 77
<212> Type : DPRT
<213> QOrganism Name

<400> Sequence

Glu Qlu Ile Gly Ala
1 L3

Asp Ser Asp Gln Ile
20

Leu Gln Arg Ile Ala
35

Met Gly Lys Arg Asp
50

Tyr Glu Arg Ser Ala
65 70

<210> SEQ ID NO: 9
<211> Length : 50
<212> Type : PRT
<213> Organism Name

<400> Sequence :

Glu glu Ile @ly Ala
1 5

Asp Ser Asp Gln Ile
20

Leu Gln Arg Ile Ala
358

Met Gly
50
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: Artificial Sequence

Asn Asp Asp leu Asn Tyr Trp Ser Asp Trp Tyr
10 15

Lys Glu Glu Leu Pro Glu Pro Phe @Glu His Leu
25 30

Arg Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu
40 45

Ala Gly Hig Gly Gln Ile Ser His Lys Met Ala
55 60

Met Gln Asn Tyr Glu Arg Arg Arg
75

: Artificial Segquence

Asn Asp Asp Leu Asn Tyr Trp Ser aAsp Trp Tyr
10 15

Lys Glu Glu Leu Fro Glu Pro Phe Glu His Leu
25 3¢

Arg Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu
490 45
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<210> SEQ ID NO: 10

<211> Length : 37

<212> Type : PRT

<213> Organism Name : Artificial Sequence

<4 00> Sequence

@lu Glu Ile Gly Ala Asn Asp Asp LEu Asn Tyr Trp Ser Asp TIp Tyx
1 5 10 15

Asp Ser Asp Gln Ile Lys Glu Glu Leu Pro @lu Pro Phe Glu His Leu
20 25 30

Leu Gln Arg Ile Ala
35
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. Use of protachykinin, a splice variant thereof, a fragment thereof, a derivative

thereof or a combination of said compounds. for medical diagnostic.

. Use according to claim 1 wherein the presence or concentration of the compo-
nents mentioned in an ex vivo body fluid sample, preferably in blood, plasma

of liquor is determined.

. Use according to claim 1, wherein a splice variant selected from the sequence

IDs 1, 2, 5 or 8 or a mixture of two or more variants is used.

. Use according to claim 1 wherein a fragment selected from one or more of the

sequence IDs 3, 4, 6, 7, 9 or 10 is used.

. Use according to claim 1 wherein a derivative of protachykinin is used which
comprises additional or altered amino acids or fragments/components suitable
to raise immune responses or fragments/components that render the sequences

suitable for the detection by specific antibodies.

. Use according to claims 1-5 wherein the compounds used show a homology of

at least 75%, preferably at least 80%, more preferably at least 90%,

. Use according to claims 1-6 in combination with a marker, being suitable to
detect any of the compounds mentioned in one of claims 1-6 or a compound

that specifically binds to any of these compounds.

. Use in accordance with one of claims 1-7 comprising determining the concen-
tration of any of the compounds or combinations mentioned in one of claims
1-7 in a sample of a body fluid, tissue or other biomaterial from an individnal,

human being or animal.
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9. Use according to claim 8 wherein the determination of the concentration is
done by using at least one antibody biﬁding specifically to the respective com-

pound mentioned in one of claims 1-7.

10. Use of claim 9 wherein the at least one antibody is tagged with a detectable

marker.
11. Use of claim 10 wherein the marker is a luminescent marker.

12. Use according to one of claims 8-11 wherein said use involves one or more of
those antibodies specifically binding to any of sequence IDs 1-10 or fragments
thereof.

13. Use according to one of claims 8-11 wherein said use involves one or more of
those antibodies specifically binding to protachykinin 1-37 (A-peptide), its

fragments thereof or precursors thereof.

14. Use according to one of claims 1-13 wherein the diseases to be detected com-
prise disease/disorders of the central nervous system, comprising Alzheimer's
disease, Parkinson's disease, depression and/or conditions of pain, neurologi-
cal, endocrinological, cerebral, muscular, local, systemic, chronic, inflamma-
tory diseases, infectious diseases comprising bacterial and viral infections,
meningitis, sepsis, Crohn's disease, colitis ulcerosa, sickle cell anemia, ische-
mia, amyotrophic lateral sclerosis, arthritis comprising rheumatoid arthritis,
bronchitis, hyperalgesia, asthma, intoxication comprising bacterial intoxica-
tion, immunological disorders, poly/-trauma comprising cranio-cerebral
trauma, tumnors/cancer, stroke, stress, atopis dermatitis, HIV, Huntington's dis-
ease, burns, fibromyalgy, schizophrenia, Hirschsprung's disease, allergies, fa-

milial dysautononmia (Riley Day syndrome), hematopoietic disorders, glio-
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mas comprising glioblastomas and astrocytomas, disorders of the blood brain

barrier.

15. Use according to one of claims 1-14 wherein the compound to be detected is
protachykinin 1-37 (A-peptide), its fragments or precursors or combinations
thereof.

16, Use according to claims 1-15 wherein the antibody or combinations of anti-
bodies are antibodies specifically binding to protachykinin 1-37 (A-peptide),

its fragments or precursors or combinations thereof.

17. Antibody that binds to any one or more of the compounds mentioned in claims

1-7 or fragments thereof.

18. A specific antibody according to claim 17 wherein the antibody is specific to
any of sequence IDs 1-10 or fragments thereof.

19. Antibody according to claim 17 wherein the antibody is specific to pro-
tachykinin 1-37 (A-peptide), its fragments or precursors or combinations
thereof.

20. Use of the compounds/antibodies comprised in any of claims 1-7 and 17-19 as

marker's/tool's in medical research, testing and/or validation.

21, Method of in vive diagnosis comprising the determination of the concentration
of any of the compounds/antibodies mentioned in claims 1-7 and 17-19 in

body fluids, tissues and/or other biomaterials.

22. Method of diagnosis according to claim 21 comprising:
- using a specific antibody or a combination of specific antibodies for the

detection of the compounds comprised in claim 21,
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- determining the concentration of any of the compounds or combinations in
the respective sample,

- deducing from the concentration the presence, and/or course and/or
severety and/or prognosis of a disease or disorder,

- including firther clinical data to deterruine presence, and/or course and/or

severety and/or prognosis of disease or disorders.

23. Method according to claims 21 and 22 whereas at least one antibody specifi-
cally binding to the respective compound is immobilized onto a surface and a
second antibody specifically binding at another part of the compound is used

for detection of the compound.

24. Method according to claim 24 wherein the antibody is tagged with a detect-

able marker.

25. Method according to claim 24 wherein the antibody is tagged with a lumines-

cent marker.

26. Method according to any of claims 21-25 wherein the compound is pro-
tachykinin 1-37 (A-peptide), its fragments or precursors or combinations
thereof.

27. Method according to claims 21-26 whereas the antibody or combinations of
antibodies are antibodies specifically binding to protachykinin 1-37 (A-

peptide), its fragments or. precursors or combinations thereof.

28. Method according to any of claims 21-27 to determine the level of
tachykinin/-s in body fluids, tissues and/or other biomaterials, comprising the
determination of the level of molecules comprised in claim 1-6 in body fluids,
tissues, and/or other biomaterials, thereby deducing the level of tachykinin/-s

in the respective sample.



(63) JP 2012-112978 A 2012.6.14

29. Method according to any of claims 21-28 wherein the tachykinin is Substance
P.

30. A kit for an immunological assay comprising:

- at least one antibody according to any of claims 17-19, comprising a de-
tectable marker,

or

- at least one antibody according to any of claims 17-19 and a detectable

marker.
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I Abstract

The invention relates to the diagnosis components in human or animal body fluids,
tissues and/or biomaterials. More specifically the invention relates to the use of
protachykinin and/or its fragments isolated from body fluids, tissues or other
biomaterials as a marker peptide for medical diagnostics as well as for the diagnostic
detection of the course prognosis and course control of diseases/disorders of the central
nervous system, comprising Alzheimer's disease, Parkinson's disease, depression and/or
conditions of pain, neurological, endocrinological, cerebral, muscular, local, systemic,
chronic, inflammatory diseases, infectious diseases comprising bacterial and viral
inféctions, meningitis, sepsis, Crohn's disease, colitis ulcerosa, sickle cell anemia,
ischemia, amyotrophic lateral sclerosis, arthritis comprising rheumatoid arthritis,
bronchitis, hyperalgesia, asthma, intoxication comprising bacterial intoxication,
immunological disorders, poly/-trauma comprising cranio-cerebral trauma,
tumors/cancer, stroke, stress, atopis dermatitis, HIV, Huntington's disease, burns,
schizophrenia, Hirschsprung's disease, allergies, familial dysautononmia (Riley Day
syndrome), hematopoietic disorders, gliomas comprising glioblastomas and
astrocytomas, disorders of the blood brain barrier. The invention further provides
antibodies for binding to certain proteins and their fragments, more specifically
protachykinin and its fragments. In accordance with the invention, a kit useful for the
above-mentioned diagnosis is also provided.

2 Representative Drawing

None
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B

Meaasurement of the half-life of A-Peptide-containing
PTK fragments (/nvivo)
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Immunoreactivity of PTK / -fragments
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A-Peptide concantration in plasma
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